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Abstract 

EIR model with nonlinear incidence rate in 

epidemiology is studied. Global stability of the 

endemic equilibrium is proved, using a general 

criterion for the orbital stability of periodic orbits 

associated with higher – dimensional nonlinear 

system. Method of differential equation was use, 

using Euler method specifically as case of measles 

disease in Jalingo, LGA of Taraba State. The basic 

reproduction number  (𝑅𝑜) is proved to be sharp 

threshold which completely determines the global 

dynamics and outcome of the disease (measles). If 

𝑅𝑜 ≤ 1, the disease -  free equilibrium is globally 

stable and the disease dies out. If 𝑅𝑜  ≥ 1, there exit a 

unique endemic equilibrium which is globally stable 

and disease persist at an 

endemic equilibrium  state 

if it initially exists. 

Therefore the contribution 

of the contact rate to the 

basic reproduction number 

(𝑅𝑜) and the level of the 

endemic equilibrium is also 

analysed.
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Introduction 

any infectious diseases fluctuate over time and show seasonal patterns 

of incidence. One of the well-known examples is provided by data on 

measles notification in North – east of Nigeria (Jalingo Taraba State) 

for the period 1978–1999 have been found to exhibit seasonal behaviour, also 

Other childhood diseases such as mumps, chickenpox, rubella, and pertuss is have 

similar attribute, with higher mortality and morbidity rates. During the first 2–3 

years after the first case, the number of human cases of avian influenza also 

seemed to follow a seasonal pattern. 

The possibility that the contact rate is periodic has led to the consideration of 

epidemic models with seasonal forcing. An  Epidemic SIR and SEIR models with 

periodic contact rate were considered by Dietz. More recently Moneim and 

Greenhalgh studied the following SEIR model with periodic vaccination in periodic 

environments: 

 

INFECTIONS AND TRANSMISSION 

Measles virus is a member of the genus Morbillivirus of the family 

Paramyxoviridae. 

TRANSMISSION: Measles is transmitted primarily from person to person by large 

respiratory droplets but can also spread by the airborne route as aerosolized 

droplet nuclei. Infected people are usually contagious from 4 days before until 

4 days after rash onset. Measles is among the most contagious viral diseases 

known; secondary attack rates are  > 90% in susceptible household and 

institutional contacts. Humans are the only natural host for sustaining measles 

virus transmission, which makes global eradication of measles feasible. 

 

EPIDEMIOLOGY 

In 2002, indigenous measles virus circulation was interrupted in the entire Western 

Hemisphere, and measles elimination has been maintained in the region through 

high vaccination coverage. However, measles virus continues to be imported into 

the region, including United States, European countries, from other parts of the 

world. Globally, an estimated 20 million people are infected with measles each 

year. Given the large global incidence and high communicability of the disease, 

travellers may be exposed to the virus in almost any country they visit, particularly 

those outside the Western Hemisphere, where measles is endemic or where large 

outbreaks are occurring.                                           In recent years, 
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measles has been imported into the Nigeria from frequently visited African 

countries, including Niger, Ghana, Corte Diviore, Burkina Faso, Kenya Mali and 

others world countries including: United state, France, Germany, India, and the 

Philippines, where large outbreaks have been reported. Most measles cases 

imported into the Nigeria have come from unvaccinated Nigeria residents who 

became infected while travelling abroad, became symptomatic after returning to 

the country, and in some cases infected others in their communities, causing 

outbreaks. Additional information on global measles control efforts is available on 

the Measles & Rubella Initiative. website at www.measlesrubellainitiative.org 

 

CLINICAL PRESENTATION 

The incubation period ranges from 7 to 21 days from exposure to onset of fever; 

rash usually appears about 14 days after exposure. Symptoms include prodromal 

fever that can rise as high as 105°F (40.6°C), conjunctivitis, coryza (runny nose), 

cough, and small spots with white or bluish-white centres on an erythematous 

base on the buccal mucosa (Koplik spots). A characteristic red, blotchy 

(maculopapular) rash appears on the 3 to 7 days after the prodromal symptoms 

appear. The rash begins on the face, becomes generalized, and lasts 4–7 days. 

Common complications include diarrheal (8%), middle ear infection (7%–9%), and 

pneumonia (1%–6%). Encephalitis, which can result in permanent brain damage, 

occurs in approximately 1 per 1,000–2,000 cases of measles. Subacute sclerosing 

panencephalitis (SSPE), a rare but serious degenerative central nervous system 

disease caused by a persistent infection with a defective measles virus, is 

estimated to occur in 4–11 per 100,000 cases. However, among people who 

became infected with measles during the 1989–1991 measles resurgence in 

Nigeria, the estimated risk of SSPE was 22 per 100,000 reported measles cases. 

SSPE is manifested by mental and motor deterioration that starts an average of 7–

10 years after measles virus infection (most frequently in children who were 

infected at age < 2 years), progressing to coma and death. The risk of serious 

complications and death is highest for children aged ≤ 5 years and adults aged ≥ 

20 years. It is also higher in populations with poor nutritional status. 

 

DIAGNOSIS 

Laboratory criteria for diagnosis include any of the following: a positive serologic 

test for measles IgM, IgG seroconversion, a significant rise in measles IgG level by 

http://www.measlesrubellainitiative.org/
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any standard serologic assay, isolation of measles virus, or identification by PCR of 

measles virus RNA from a clinical specimen. 

 

A clinical case of measles illness is characterized by all of the following: 

1 Generalized maculopapular rash lasting ≥ 3 days 

2 Temperature of  ≥101°F (38.3°C) 

3 Cough, coryza, or conjunctivitis 

4 A confirmed case is one with an acute febrile rash illness with laboratory 

confirmation or direct epidemiologic linkage to a laboratory confirmed 

case. In a laboratory-confirmed case, the temperature does not need to 

reach ≥101°F (38.3°C) and the rash does not need to last ≥ 3 days. 

 

TREATMENT 

Treatment is supportive. The World Health Organization recommends vitamin 

A for all children with acute measles, regardless of their country of residence, to 

reduce the risk of complications. Vitamin A is administered once a day for 2 days 

at the following doses: 

i. 50,000 IU for infants aged <6 months 

ii. 100,000 IU for infants aged 6 –11 months 

iii. 200,000 IU for children aged ≥12 months 

iv. An additional (third) age-specific dose of vitamin A should be given 2–4 

weeks later to children with clinical signs and symptoms of vitamin 

A deficiency. Parenteral and oral formulations of vitamin A are available 

in the United States. 

 

PREVENTION 

Measles has been preventable between 1973 – 1985 (WHO 2001 report) through 

vaccination. People who do not have evidence of measles immunity should be 

considered at risk for measles, particularly during international travel. Acceptable 

presumptive evidence of immunity to measles for international travellers includes 

meeting any of the following criteria:  

a. Documentation of age-appropriate vaccination with a live measles-

containing vaccine (MMR or MMRV).  

b. For infants aged 6 –11 months, documented administration of 1 dose of 

MMR or MMRV. 
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c. For people aged ≥12 months, 2 doses of MMR or MMRV (the first dose 

should be administered at age ≥12 months; the second dose should be 

administered no earlier than 28 days after the first dose). 

d. Laboratory evidence of immunity 

e. Laboratory confirmation of disease 

f. Birth before 1957 

 

VACCINE 

Measles vaccine contains live, attenuated measles virus. In Nigeria, especially 

North – east zone  it is available only in combination formulations, such as measles-

mumps-rubella (MMR) and measles-mumps-rubella-varicella (MMRV) vaccines. 

MMRV vaccine is licensed for children aged 12 months to 1–12 years and may be 

used in place of MMR vaccine if vaccination for measles, mumps, rubella, and 

varicella is needed. International travellers, including people traveling to 

industrialized countries, who do not have presumptive evidence of measles 

immunity and who have no contraindications to MMR or MMRV, should receive 

MMR or MMRV before travel according to the following guidelines: 

Vaccine Safety and Adverse Reactions  

In rare circumstances, MMR vaccination has been associated with the following 

adverse events: 

i. Anaphylaxis (approximately 1–3.5 occurrences per million doses 

administered) 

ii. Thrombocytopenia (a rate of 1 case in every 25,000 doses during the 6 

weeks after immunization) 

iii. Febrile seizures (The risk of febrile seizures increases approximately 3-

fold 8–14 days after receipt of MMR vaccine, but overall, the rate of 

febrile seizure after measles-containing vaccine is much lower than the 

rate with measles disease.) 

iv. Joint symptoms (Arthralgia develops among approximately 25% of 

susceptible post pubertal women from the rubella component of the 

MMR vaccination. Approximately 10% have acute arthritis like signs and 

symptoms that generally persist for 1 day to 3 weeks and rarely recur. 

Chronic joint symptoms are rare, if they occur at all.) 

v. Evidence does not support a causal link between MMR vaccination and 

any of the following: hearing loss, retinopathy, optic neuritis, ocular 

palsies, Guillain-Barré syndrome, cerebellar ataxia, Crohn disease, or 
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autism. A published report on MMR vaccination and inflammatory 

bowel disease and pervasive developmental disorders (such as autism) 

has never been replicated by other studies, and has subsequently been 

widely discredited and retracted by the journal. 

vi. Compared with use of MMR and varicella vaccines at the same visit, use 

of MMRV vaccine is associated with a higher risk for fever and febrile 

seizures 5–12 days after the first dose among children aged 12–

23 months, and approximately 1 additional febrile seizure for every 

2,300–2,600 MMRV vaccine doses administered. Use of separate MMR 

and varicella vaccines avoids this increased risk for fever and febrile 

seizures. 

 

PRECAUTIONS AND CONTRAINDICATIONS  

Allergy 

People with severe allergy to gelatine or neomycin, or who have had a severe 

allergic reaction to a prior dose of MMR or MMRV vaccine, should not be 

revaccinated. MMR or MMRV vaccine may be administered to people who are 

allergic to eggs without prior routine skin testing or the use of special protocols. 

 

Immuno suppression 

1. Enhanced replication of live vaccine viruses can occur in people who have 

immune deficiency disorders. Death related to vaccine-associated measles 

virus infection has been reported among severely immune compromised 

people. Therefore, severely immune suppressed people should not be 

vaccinated with MMR or MMRV vaccine (for a thorough discussion of 

recommendations for immune compromised travellers. 

2. People with leukemia in remission, and off chemotherapy, who were not 

immune to measles when diagnosed with leukemia, may receive MMR 

vaccine. At least 3 months should elapse after termination of 

chemotherapy before administration of the first dose. 

3. MMR vaccination is recommended for all people aged ≥12 months with HIV 

infection who do not have evidence of measles, rubella, and mumps 

immunity or evidence of severe immune suppression. Absence of severe 

immune suppression is defined as CD4 percentages ≥15% for ≥6 months for 

people aged ≤5 years and CD4 percentages ≥15% and CD4 count ≥200 

cells/mm3 for ≥6 months for people aged >5 years. When only CD4 counts 
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or CD4 percentages are available for those aged >5 years, the assessment 

of severe immune suppression can be on the basis of the CD4 values (count 

or percentage) that are available. 

4. People who have received high-dose corticosteroid therapy (in general, 

considered to be >20 mg prednisone or equivalent daily or on alternate 

days for an interval of ≥14 days) should avoid vaccination with MMR or 

MMRV for ≥1 month after cessation of steroid therapy. 

5. People who have received high-dose corticosteroid therapy daily or on 

alternate days for an interval of <14 days generally can be vaccinated with 

MMR or MMRV immediately after cessation of treatment, although some 

experts prefer waiting until 2 weeks after completion of therapy. 

6. Other immune suppressive therapy: in general, MMR or MMRV vaccine 

should be withheld for ≥3 months after cessation of the immune 

suppressive therapy and remission of the underlying disease. This interval 

is based on the assumptions that the immune response will have been 

restored in 3 months and the underlying disease for which the therapy was 

given remains in remission. 

 

Thrombocytopenia 

The benefits of primary immunization are usually greater than the potential risks 

of thrombocytopenia. However, avoiding a subsequent dose of MMR or MMRV 

vaccine may be prudent if an episode of thrombocytopenia occurred within 

approximately 6 weeks after a previous dose of vaccine. 

 

Pregnancy 

MMR vaccines should not be administered to women known to be pregnant or 

attempting to become pregnant. Because of the theoretical risk to the fetus when 

the mother receives a live virus vaccine, women should be counselled to avoid 

becoming pregnant for 28 days after receipt of MMR vaccine. (Updated September 

10, 2015)  

The examples of the diseases and their latent periods are as follows: 

S/N Diseases Latent period 

1 Measles 10 – 12 days 

2 Chicken Pox  7 – 21 days 

3 Flu     1 – 3 days 

4 SAR 1 – 10 days 

5 Tuberculosis 3 – 7 days 
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The compartmental model of SEIR as follows: 

1. Model formulation 

The total population size N(t) is divided into four distinct epidemiological 

subclasses or compartment of individuals which are susceptible, exposed, 

infectious, and recovered (with permanent immunity), with sizes denoted by S(t), 

E(t), I(t), and R(t), respectively. Our assumptions on the dynamical transfer of the 

population are demonstrated in the following (Fig. 1). 

          𝐴     S       𝛽𝑆𝐼          E          𝜎𝑜𝐸         I         𝛾𝑜𝐼          R 

                                                           

 

 

      𝜇𝑆                        𝜇𝐸                      (𝜇𝐼 + 𝜎𝑜𝐼)                𝜇𝑅              

 Fig 1.Transfer diagram for the SEIR model with contact rate. 

I Variables/parameters and interpretation 

i. S =  susceptible; the fraction of individuals (those able to contract the disease),  

ii. E = exposed; the fraction of individuals (those who have been infected but are 

not yet     infectious),  

iii. I = infective;  the fraction of individuals (those capable of transmitting the 

disease),  

iv.   R =  recovered; the fraction of individuals (those who have become immune).  

v.   𝜇 = There are equal birth and death rates (natural mortality),  

vi.    
1

𝜎
 = the mean latent period for the disease,  

vii.    
1

𝛾
 =  the mean infectious period, 

viii.    𝛽 = the contact rate may be a function of time. 
ix.    𝛾 =  the rate constant for recovery 
x.    휀𝑜 = the rate constant at which the exposed individuals become infective. 
xi.     1

𝑜
 =  the mean latent period. 

xii.    A =  positive constant value is recruitment rate into the population 
xiii.    𝐴

𝜇
  = represents a carrying capacity, or maximum possible population size. 

 

Model Formulation 

The SEIR model with contact rate N(t) is derived using  the system of differential 

equations:  

          
𝑑𝑆

𝑑𝑡
 = 𝜇 − 𝛽𝑆𝐼 − 𝜇𝑆……….1 

 

      
𝑑𝐸

𝑑𝑡
  = 𝛽𝑆𝐼 − 𝜎𝐸 − 𝜇𝐸………..2 
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𝑑𝐼

𝑑𝑡
=  𝜎𝐸 − 𝛾𝐼 − 𝜇𝐼……………3 

 

     
𝑑𝑅

𝑑𝑡
 = 𝛾𝐼 − 𝜇𝑅……………………...4      

 1.1 

From the above equation, 
𝑑𝑁

𝑑𝑡
 = 0 and N = S+E+I+R thus constant. 

         i.e N= S+E+I+R or (
𝒅𝑵

𝒅𝒕
 =

𝒅𝑺

𝒅𝒕
+

𝒅𝑬

𝒅𝒕
+ 

𝒅𝑰

𝒅𝒕
+

𝒅𝑹

𝒅𝒕
 = 0) 

 

Variables/parameters and interpretation 

−𝜷𝑺𝑰  =  The rate at which susceptible individuals encounter infectious individuals 

and then      become infectious or the rate of new infections or the 

transmission  rate per       infective, and negative terms in the  

equation tell us that each infectious individual       spends an average
𝟏

𝜸+𝝁
 time 

units in this class.  

  𝜸𝑰    =   the rate at which infectious individuals are removed from the infectious 

class. 

  𝝁𝑹  =   the infectious period is effectively reduced due to some individual dying 

while      infectious. 

Therefore, if we assume the entire population is susceptible (S = 1), then the 

average number of new infections per infectious individual is determined by the 

product of transmission rate and by the infectious period: 

The model assumes that recovered individual is immune from infection for life. 

Therefore in the absence of vaccination, the basic Reproduction ratio 𝑅𝑂 = 
𝜎

𝜎+ 𝜇

𝛽

𝛾+𝜇
  

= 
𝜎𝛽

(𝜎+ 𝜇)(𝛾+𝜇)
 

it can be shown that for 𝑅𝑂 > 1 the model has a fixed point with I = 0 which is 

unstable, and a fixed point with  I > 0, which is stable, etc. 

  

 Steady - State of Model: 

𝑆∗ = 
(𝜎+𝜇)(𝛾+𝜇)

𝜎𝛽
 ,  𝐸∗ = 

𝜇(𝛾+𝜇)𝑅𝑂−1

𝜎𝛽
,  𝐼∗ = 

𝜇(𝑅𝑂−1)

𝜎𝛽
 

𝑅 =1 −𝑆∗ − 𝐸∗ − 𝐼∗ 

Therefore (𝑆∗, 𝐸∗, 𝐼∗)  = {
(𝜎+𝜇)(𝛾+𝜇)

𝜎𝛽
,

𝜇(𝛾+𝜇)𝑅𝑂−1

𝜎𝛽
,
𝜇(𝑅𝑂−1)

𝜎𝛽
}, R𝑂 = 

𝛽𝛼

((𝜎+𝜇)(𝛾+𝜇))
  1.2 
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Similarly to the SIR model, also in this case we have a Disease-Free-Equilibrium 

(steady - state), (N,0,0,0) and an Endemic Equilibrium EE, and one can show that, 

independently form biologically meaningful initial conditions it  holds that:  

(𝑆(𝑂), 𝐸(𝑂), 𝐼(𝑂), 𝑅(𝑂)) ∈  {(𝑆, 𝐸, 𝐼, 𝑅):  [𝑆 ≥ 0, 𝐸 ≥ 0, 𝐼 ≥ 0, 𝑅 ≥ 0] , [𝑆 +  𝐸 +

𝐼 + 𝑅]    

R𝑂 ≤ 1 ⟹ lim
𝑛→∞

(𝑆(𝑡), 𝐸(𝑡), 𝐼(𝑡), 𝑅(𝑡)) = DFE = (N, 0, 0, 0) 

 

R𝑂  > 1, I(O) > 0 ⟹ lim
𝑡⟶∞

(𝑆(𝑡), 𝐸(𝑡), 𝐼(𝑡), 𝑅(𝑡)) = EE 

In case of periodically varying contact rate 𝛽(𝑡) the condition for the global 

attractiveness of DFE is that the following linear system with periodic coefficients: 

 
𝑑𝐸1

𝑑𝑡
=  𝛽(𝑡)𝐼1 − (𝛾 +  𝛼)𝐸1 

            
𝑑𝐼1

𝑑𝑡
=  𝛼𝐸1(𝑡) − (𝛾 +  𝜇)𝐼1 

is stable (i.e. it has its Floquet's eigenvalues inside the unit circle in the complex 

plane). Therefore the disease free equilibrium or state 𝑃𝑜 = {0, 0, 0, 𝐴

𝜇
} and 𝑅𝑜 is the 

numbered of secondary infection caused by a newly typical infected individual 

entering the population at the disease-free equilibrium (steady - state) during his 

or her entire infectious period, and  𝑅𝑜 is called the basic reproduction number. 

                     

Theorem; The disease-free equilibrium 𝑃𝑜  = {0, 0, 0, 𝐴

𝜇
}of (1.1) is globally 

asymptotically 

stable in C if 𝑅𝑜  ≤ 1, and unstable if  𝑅𝑜  > 1. 

 

Then from the steady state we established globally asymptotic of SEIR equation 

for disease – free stable if 𝑅𝑜  ≤ 1, and unstable if 𝑅𝑜  > 1.  

 

Using Jacobian matrix n × 𝑛 of 𝑃𝑜 is        

 

𝐴 =

[
 
 
 
 
 
 

𝑑𝑓1
𝑑𝑢1

𝑑𝑓1

𝑑𝑢2

𝑑𝑓1

𝑑𝑢3

𝑑𝑓1

𝑑𝑢4

𝑑𝑓2

𝑑𝑢1

𝑑𝑓3

𝑑𝑢1

𝑑𝑓2

𝑑𝑢2

𝑑𝑓2

𝑑𝑢3

𝑑𝑓3

𝑑𝑢2

𝑑𝑓3

𝑑𝑢3

𝑑𝑓2

𝑑𝑢4

𝑑𝑓3

𝑑𝑢4

𝑑𝑓4

𝑑𝑢1

𝑑𝑓4

𝑑𝑢2

𝑑𝑓4

𝑑𝑢3

𝑑𝑓4

𝑑𝑢4]
 
 
 
 
 
 

(𝑢∗
1,𝑢∗

2𝑢∗
3,𝑢∗

4)

       ,    |𝐴 − 𝜆𝐼| = 

[
 
 
 
 −𝜔

𝛼𝐴

𝜇ℎ(
𝐴
𝜇

)
0 0

휀
0

−𝛿 0
𝛾 −1

0
0

0 −𝛼 0 −1]
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and because there is only one non-zero element in the third column and in the 

fourth column, respectively, and they are both negative, we may reduce the 

question of whether the eigen-values of this matrix have negative real part to the 

same question for the 2 ×2 matrix 

 J = [
−𝜔

𝛼𝐴

𝜇ℎ(
𝐴

𝜇
)

휀 −𝛿

]

2×2

 

The trace of jacobian is clearly negative, and the condition that the determinant of 

J is R0 < 1. Thus the disease-steady state (free equilibrium) is unstable if R0 > 1. 

 

If R0 > 1, the endemic equilibrium 𝑃∗ of the system of SEIR equation is locally 

asymptotically stable. Then The matrix of the linearization of the system equation in 

non dimensionalization at the equilibrium   𝑃∗ = {𝐸∗, 𝐼∗, 𝑅∗, 𝑁∗}, 

Then the jacobian matrix after rigorous substitution is going to be in the form 

 

|𝐴 − 𝜆𝐼| = 

[
 
 
 −𝜔− 𝛼𝐼∗

ℎ𝑁∗
𝛿𝜔 − 𝛼𝐼∗

ℎ𝑁∗
−𝛼𝐼∗

ℎ𝑁∗ 𝜌∗

휀
0

−𝛿 0
𝛾 −1

0
0

0 −𝛼 0 −1]
 
 
 
 

then the characteristic equation of the jacobian is (𝜆 + 1)(𝜆3 + 𝑎1𝜆
2 + 𝑎2) = 0, 

where the value 𝑎1, 𝑎2. are determine further explanation, therefore the endemic 

equilibrium 𝑃∗ of which exists if R0 > 1, is always locally asymptotically stable. 

 

Conclusions and discussion 

The research has considered a SEIR model that incorporates recruitment and 

exponential natural death, as well as disease-related death, so that the total 

population size may vary in time.  distinguishing feature of the SEIR model 

considered here is that measles is a disease that has significant impact on human 

being especially children below the age 15 years, from ancient period to present 

date, however significant and scientific achievement has been upon the solution 

of its drugs, intensive campaign and awareness against the disease, and strong 

contribution from both the government, private organization and individuals for 

eradication of measles in the whole world particularly North – east of Nigeria. 

 The basic reproduction number R0 defined by (1.1) of this SEIR model (1.2) is a 

sharp threshold parameter which completely determines the global dynamics of 

the system (1.2) and the outcome of the disease. If R𝑂 ≤ 1, the disease-free 

equilibrium is globally stable so that the disease always dies out, and if R𝑂  > 1, the 
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disease-free equilibrium becomes unstable while the endemic equilibrium 

emerges as the unique positive equilibrium and it is globally stable in the interior 

of the feasible region, (Jalingo LGA of Taraba State).  

In the special case when the mean latent period 1

𝑜
 →  0 or the mean infective 

period 1
𝛾
 →  ∞1, the SEIR model here reduces to an SIR model or an SEIR model 

with recruitment and saturating contact rate respectively. Thus, the global 

dynamic results of these two models can be obtained as special cases when 1

𝑜
 →

0 and 𝛾𝑜 = 0 respectively. Especially, to prove the global stability of the endemic 

equilibrium, we make a change of variable by which our four dimensional model 

can be reduced to a three-dimensional asymptotical autonomous system with limit 

system.  

Then the Euler method gives the following sequence of approximations: 

    𝑡𝑛+1 = 𝑡𝑛 + ℎ     

    𝑆𝑛+1 = 𝑆𝑛 + ℎ(𝜇 − 𝛽𝑆𝑛 𝐼𝑛 − 𝜇𝑆𝑛)   

    𝐸𝑛+1 = 𝐸𝑛 + ℎ(𝛽𝑆𝑛 𝐼𝑛 − 𝜎𝐸𝑛 − 𝜇𝐸𝑛)  

   

         𝐼𝑛+1 = 𝐼𝑛 + ℎ( 𝜎𝐸𝑛 − 𝛾𝐼𝑛 − 𝜇𝐼𝑛)           

   𝑅𝑛+1 = 𝑅𝑛 + ℎ(𝛾𝐼𝑛 − 𝜇𝑅𝑛) 

 The Basic Reproduction Numbered R𝑂 =  
𝛽𝛼

((𝜎+𝜇)(𝛾+𝜇))
 

I program this sequence into Excel with giving parameter values 

 Initial values; S (o) = 0.99, I (o) = 0.01, R (o) = 0, E(o) = 0.06,   

Parameter values: h = 0.4,  
1

𝛾
= 7 𝑑𝑎𝑦𝑠 ⟹ 𝛾 = 0.142857, 𝛽 = 170 per year,  

   then 𝛽 =
170

365
 = 0.46586 per days,  

1

𝜇
 = 70 years, ⟹  𝜇 = 

0.0142857, 

 

The graph of SEIR Model with demography 

    S0 0.90 Beta (𝜷) 0.46586 gamma(𝜸) 0.1428 I(0) 0.01 R0 0 

    h 0.4 mu(𝝁) 0.014286 𝑬𝑶  0.06          

                        

S/N tn Sn In Rn   Sn + In + Rn 𝑹𝑶         

1 0 0.99 0.01 0   1 3.26101         

2 0.4 0.98815559 0.01127321 0.0005712   1           

3 0.8 0.98608023 0.01270466 0.00121512   1           

4 1.2 0.98374626 0.01431295 0.00194079   1           
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5 1.6 0.98112307 0.01611861 0.00275831   1           

6 2 0.97817684 0.0181442 0.00367897   1           

7 2.4 0.97487033 0.02041437 0.0047153   1           

8 2.8 0.9711627 0.022956 0.0058813   1           

9 3.2 0.96700933 0.02579822 0.00719246   1           

10 3.6 0.96236169 0.02897237 0.00866594   1           

11 4 0.95716733 0.03251197 0.0103207   1           

12 4.4 0.95136983 0.03645255 0.01217763   1           

13 4.8 0.94490904 0.04083136 0.01425961   1           

14 5.2 0.93772131 0.04568702 0.01659167   1           

15 5.6 0.92974002 0.05105892 0.01920105   1           

16 6 0.92089622 0.05698654 0.02211724   1           

17 6.4 0.91111963 0.06350841 0.02537197   1           

18 6.8 0.90033984 0.07066099 0.02899917   1           

19 7.2 0.88848792 0.07847721 0.03303487   1           

20 7.6 0.8754983 0.08698472 0.03751698   1           

21 8 0.86131105 0.09620399 0.04248496   1           

22 8.4 0.84587445 0.10614609 0.04797947   1           

23 8.8 0.82914788 0.11681034 0.05404178   1           

24 9.2 0.81110488 0.12818197 0.06071315   1           

25 9.6 0.79173632 0.14022973 0.06803395   1           

26 10 0.7710534 0.15290379 0.07604281   1           

27 10.4 0.7490904 0.1661341 0.08477549   1           

28 10.8 0.72590689 0.17982936 0.09426375   1           

29 11.2 0.70158907 0.19387679 0.10453413   1           

30 11.6 0.67625014 0.20814312 0.11560674   1           

31 12 0.65002938 0.22247654 0.12749408   1           

32 12.4 0.62308993 0.23671012 0.14019995   1           

33 12.8 0.59561516 0.2506662 0.15371864   1           

34 13.2 0.56780378 0.26416192 0.1680343   1           

35 13.6 0.53986399 0.2770154 0.18312061   1           

36 14 0.51200689 0.28905224 0.19894087   1           

37 14.4 0.48443975 0.30011182 0.21544843   1           

38 14.8 0.45735946 0.31005309 0.23258745   1           

39 15.2 0.43094668 0.31875926 0.25029406   1           
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40 15.6 0.40536111 0.32614121 0.26849768   1           

41 16 0.38073796 0.33213936 0.28712268   1           

42 16.4 0.35718595 0.33672405 0.30609   1           

43 16.8 0.3347867 0.3398944 0.3253189   1           

44 17.2 0.31359532 0.34167608 0.3447286   1           

45 17.6 0.29364221 0.34211803 0.36423976   1           

46 18 0.27493547 0.34128867 0.38377586   1           

47 18.4 0.25746394 0.33927179 0.40326428   1           

48 18.8 0.24120042 0.33616239 0.42263719   1           

49 19.2 0.22610496 0.33206284 0.44183219   1           

50 19.6 0.21212794 0.32707933 0.46079273   1           

51 20 0.19921285 0.32131884 0.47946831   1           

52 20.4 0.18729884 0.31488659 0.49781457   1           

53 20.8 0.17632276 0.30788412 0.51579312   1           

54 21.2 0.16622086 0.30040772 0.53337142   1           

55 21.6 0.15693016 0.29254746 0.55052239   1           

56 22 0.14838945 0.28438644 0.56722411   1           

57 22.4 0.14054004 0.27600055 0.58345941   1           

58 22.8 0.13332625 0.26745828 0.59921546   1           

59 23.2 0.12669575 0.25882092 0.61448333   1           

60 23.6 0.12059966 0.25014274 0.6292576   1           

61 24 0.11499264 0.24147143 0.64353593   1           

62 24.4 0.10983282 0.23284844 0.65731874   1           

63 24.8 0.10508168 0.22430953 0.67060879   1           

64 25.2 0.10070393 0.21588518 0.68341089   1           

65 25.6 0.09666727 0.20760114 0.69573159   1           

66 26 0.09294225 0.19947884 0.70757892   1           

67 26.4 0.08950202 0.19153587 0.71896211   1           

68 26.8 0.08632217 0.18378641 0.72989142   1           

69 27.2 0.08338049 0.1762416 0.74037791   1           

70 27.6 0.08065679 0.16890992 0.75043328   1           

71 28 0.07813276 0.16179753 0.76006971   1           

72 28.4 0.07579174 0.15490853 0.76929973   1           

73 28.8 0.07361862 0.14824528 0.7781361   1           

74 29.2 0.07159964 0.14180862 0.78659174   1           



 

 

 
348 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – ASD  
VOL. 10 NO.2 DEC-2019 ISSN: 2760-4106 

EDITOR-IN-CHIEF 
Prof. A.I. Mteiye [MALAWI] 

75 29.6 0.06972234 0.13559809 0.79467957   1           

76 30 0.06797534 0.12961212 0.80241254   1           

77 30.4 0.06634832 0.12384821 0.80980347   1           

78 30.8 0.06483187 0.11830309 0.81686504   1           

79 31.2 0.06341742 0.11297281 0.82360977   1           

80 31.6 0.06209715 0.10785292 0.83004993   1           

81 32 0.06086393 0.10293853 0.83619754   1           

82 32.4 0.05971124 0.09822441 0.84206434   1           

83 32.8 0.05863312 0.09370509 0.84766179   1           

84 33.2 0.05762413 0.08937488 0.853001   1           

85 33.6 0.05667925 0.08522796 0.85809278   1           

86 34 0.05579392 0.08125846 0.86294762   1           

87 34.4 0.05496392 0.07746043 0.86757564   1           

88 34.8 0.0541854 0.07382795 0.87198665   1           

89 35.2 0.0534548 0.0703551 0.8761901   1           

90 35.6 0.05276886 0.06703603 0.88019511   1           

91 36 0.05212454 0.06386498 0.88401048   1           

92 36.4 0.05151908 0.06083626 0.88764466   1           

93 36.8 0.05094991 0.05794432 0.89110578   1           

94 37.2 0.05041465 0.0551837 0.89440165   1           

95 37.6 0.04991111 0.0525491 0.89753979   1           

96 38 0.04943725 0.05003535 0.9005274   1           

97 38.4 0.0489912 0.04763744 0.90337137   1           

98 38.8 0.0485712 0.04535048 0.90607833   1           

99 39.2 0.04817563 0.04316976 0.90865461   1           

100 39.6 0.04780298 0.04109073 0.91110629   1           

101 40 0.04745185 0.03910897 0.91343918   1           

102 40.4 0.04712094 0.03722022 0.91565884   1           

103 40.8 0.04680903 0.0354204 0.91777057   1           

104 41.2 0.04651498 0.03370555 0.91977947   1           

105 41.6 0.04623774 0.03207188 0.92169038   1           

106 42 0.04597632 0.03051573 0.92350795   1           

107 42.4 0.0457298 0.02903361 0.9252366   1           

108 42.8 0.0454973 0.02762213 0.92688056   1           

109 43.2 0.04527804 0.02627808 0.92844388   1           
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Fig 1.3 shows an Illustration of SEIR models in epidemiology. The time-evolution of 

model variables, with an initially entirely susceptible population and a single 

infectious individual. The figure is plotted assuming 𝛽= 520 per year (or 1.428 per 

day) and 
1

𝛾
 = 7 days, giving 𝑅0 = 10. 

0

0.2

0.4

0.6

0.8

1

1.2

0 10 20 30 40 50 60 70

Sn

In

Rn

110 43.6 0.04507125 0.02499835 0.9299304   1           

111 44 0.04487622 0.02377998 0.9313438   1           

112 44.4 0.04469228 0.02262013 0.93268758   1           

113 44.8 0.04451883 0.02151608 0.9339651   1           

114 45.2 0.04435526 0.02046521 0.93517952   1           

115 45.6 0.04420104 0.01946505 0.93633391   1           

116 46 0.04405565 0.01851321 0.93743115   1           

117 46.4 0.04391859 0.01760741 0.938474   1           

118 46.8 0.04378943 0.01674548 0.93946509   1           

119 47.2 0.04366772 0.01592534 0.94040694   1           

120 47.6 0.04355307 0.01514501 0.94130192   1           

121 48 0.04344509 0.01440259 0.94215232   1           

122 48.4 0.04334343 0.01369627 0.9429603   1           
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