
 

Manuscript no: JHCR-1-135 Volume: 1      Issue: 3     135 
J Health Care and Research 

 

Original Article 
DOI: https://doi.org/10.36502/2020/hcr.6171 

Estimating the Transmission Risk of COVID-19 in Nigeria: A 

Mathematical Modelling Approach 

 
Irany FA1,3, Akwafuo SE1,3*, Abah T2,3, Mikler AR1,3 
1Department of Computer Science and Engineering, University of North Texas, USA 
2College of Health and Public Service, University of North Texas, USA 
3
Center for Computational Epidemiology and Response Analysis (CeCERA), University of North Texas, USA 

 

Corresponding Author: Sampson E. Akwafuo 

Address: Department of Computer Science and Engineering, University of North Texas, USA.  

Received date: 26 July 2020; Accepted date: 19 August 2020; Published date: 05 September 2020 

 

Citation: Irany FA, Akwafuo SE, Abah T, Mikler AR. Estimating the Transmission Risk of COVID-19 in Nigeria: A 

Mathematical Modelling Approach. J Health Care and Research. 2020 Sept 05;1(3):135-43.  

 

Copyright © 2020 Irany FA, Akwafuo SE, Abah T, Mikler AR. This is an open-access article distributed under the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited. 

 

 
 

 

 

 

 

 

 

 

 

Keywords  

    COVID-19, Transmission Risk 

 

Introduction 

    In late 2019, coronavirus disease 2019 (COVID-19) 

emerged in Wuhan, Hubei province of China, causing a 

pandemic that has continued to wreak havoc, through 

unprecedented global spreading.  As of April 3, 2020, 

at least 1,088,878 cases have been confirmed in over 

180 countries, 200 territories, and five international 

ships, with a case fatality rate of 5.4% [1,2].  In  Africa, 

all but four countries have reported cases. The first 

case of the continent was confirmed on February 14, 

2020, in Egypt. The first confirmed case in sub-

Saharan Africa was in Nigeria. Most of these cases 

were individuals who just arrived from Europe and the 

United States. There are concerns about the spreading 

of COVID-19 in Africa. The reason is most of the 

healthcare systems  are  inadequate,  having  problems  

 

Abstract 

Objectives: The potential burden of COVID-19 in sub-Saharan African might be substantially more significant 

than reported, and more than the existing health system can handle. Hence, in this study, we estimate and project 

the burden and transmission risk of COVID-19, in Nigeria, using current interventions. 

Methods: Modified SEIR epidemic mathematical model was used to simulate the disease progression in weeks, 

for up to 19 weeks. Different situations, involving zero-intervention and varying degrees of interventions are 

modeled. For the intervention phase, 25% and 75% social distancing are considered, while border closure 

includes 80% closure of airports, seaports, and intra-state borders, using available data as of 15th May 2020. 

Results: The effects of various interventions on the R0 of COVID-19 are presented. A higher percentage of social 

distancing appears to be more effective in controlling the spread of COVID-19 in Nigeria than border closure. Up 

to 131,000 persons could be infected if there are no interventions.  

Conclusion: According to our results, it is easier to enforce 75% closures than 25%, as the percentage of the 

population complying with social distancing is higher when at least 75% of public places were closed. The 

minimum requirement of the population percentage that needs to comply with the social distancing advice, to 

weaken the epidemic can be obtained from the model. 
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such as lack of equipment, lack of funding, insufficient 

training of healthcare workers, and inefficient data 

transmission. The pandemic could also cause 

substantial economic issues across the countries. As of 

April 3, Nigeria has recorded 210 cases, with a case 

fatality of 1.9% [3]. The potential burden of COVID-19 

in Nigeria might be substantially more significant than 

reported, and more than the health system can handle. 

In this study, we estimate the burden and transmission 

risk of COVID-19, using hybrid mathematical 

modeling. 

 

    There are still developing virologic details about the 

COVID-19. However, it is known to belong to the class 

of infections associated with humans but linked to 

animal origins, and this is typical of all Severe Acute 

Respiratory Syndrome coronaviruses (SARS-Cov). 

According to the International Committee on 

Taxonomy of Viruses [4], Coronaviruses belong to the 

family of Nidovirales and the sub-family of 

Coronavirinae, with four identified strains (alpha 

coronavirus, beta coronavirus, gamma coronavirus, 

and delta coronavirus), of which alpha and beta 

Coronavirus strains mostly affect the respiratory tracts 

of humans, with human to animal transmissions 

typical with the other two strains [5]. Coronavirus 

disease spreads primarily through contact with an 

infected person when they cough or sneeze. It also 

spreads when a person touches a surface or objects 

that have the virus on it and then touches their eyes, 

nose, or mouth. Other characteristics of the disease 

presentation include communal transmission. The 

basic reproduction number R0, which is generally 

considered low for SARS-CoV infections, however, 

posts higher values in COVID-19. The study in [6] 

identifies varying modes of transmission, including 

community spread, international and local travels, and 

some interventions (government and individual action; 

quarantine; restricted movements and social 

distancing. Others include the influence of geographic 

location, humidity, and temperature on the scale of the 

epidemic. There are questions about coronaviruses 

affected by these environmental factors. The study in 

[7] suggests high temperature and humidity may have 

influenced the transmission of SARS-CoV in China. The 

report suggests a decline in the rate of transmission   

of infection  in  relatively  humid  conditions  and  high 

 

 

temperatures. Similar findings provide support to 

previous studies on the influence of temperature on 

the infection rates [8,9]. Among others, persistent dry 

cough, fever, nausea, and vomiting, fatigue, and 

pneumonia were reported to be common among 

patients, although at varying degrees and length of 

contracting the virus [10]. Some of the interventions 

reported as addressing or mitigating the effects of 

disease transmission include the establishment of a 

contingency system; examples include monitoring, 

contact tracing and identification of international 

travelers, early diagnosis, early isolation of infected 

patients, government actions (including national /city 

lockdown, an extension of the holiday period, 

hospitalization and quarantine) [11,12]. Peng used the 

classical susceptible, exposed, infectious, and recovered 

model (SEIR) to estimate the duration of the COVID-19 

epidemic in multiple cities in China. Similar models 

have been used to study the dynamics of other viral 

outbreaks [13,14]. The length of infection, 

reproduction number, and quarantine time were the 

parameters used to forecast the inflection point, 

recession time, and the magnitude of the epidemic 

(depending on the commencements of intervention). 

The duration of the outbreak in China was estimated 

to last between one month to four months, affected by 

temperature, mitigation intensity, individual, and 

government actions [15]. 

 

Materials and Methods 

    We developed a hybrid stochastic mathematical 

model, with some deterministic inputs, involving a 

modified version of S-E-I-R epidemiological modeling 

structure. Modeling real-life situations allow 

researchers to comprehensively study an otherwise 

complex set of events, environment or populations and 

their interaction with causative agent factors. 

Mathematical models simulate the spread of infectious 

diseases within a host population. They can be used to 

investigate mechanisms underlying disease spread, or 

to predict the future trajectory of an epidemic and 

impacts of selected control measures. Several disease 

models have differing assumptions about mixing 

patterns between hosts. Mathematical and agent-based 

models have proven to be very useful in studying 

disease dynamics and assessing treatment strategies 

for  specific   groups  and  general  populations [16-19].



 

Manuscript no: JHCR-1-135 Volume: 1      Issue: 3     137 
J Health Care and Research 

 

Original Article 

Citation: Irany FA, Akwafuo SE, Abah T, Mikler AR. Estimating the Transmission Risk of COVID-19 in Nigeria: A 

Mathematical Modelling Approach. J Health Care and Research. 2020 Sept 05;1(3):135-43.  

 

 

Similar structures have been used recently in 

investigating the dynamics of the COVID-19 [20]. The 

population is divided into six groups: Susceptible (S), 

Exposed (I), Infected (I), Hospitalized (H), Recovered 

(R), and Removed (D). The Susceptible group 

represents all members of the public that are prone to 

contacting the disease, due to interactions with other 

population sets. The Exposed group consists of 

individuals who have been exposed to the virus, and 

their infections are in a latent stage. These individuals 

progress to the infectious group, with zero or more 

symptoms, by a relative rate κ.  Infected persons can 

move to the hospitalized group (H), by a rate α.       

The number of deaths is recorded in the removed  (D)  

 

group. The relationships among the groups are 

presented in the model structure in Fig-1. The 

population in the model N, at time    is equal to the 

sum of all groups.  Model parameters and descriptions 

are presented in Table-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

    Nigeria is used as a case study in the model. The 

current population of Nigeria is estimated to be 204 

million [21]. The prevailing situation of COVID-19 in 

Nigeria as of May 15th, 2020, as released by the 

National Center for Disease Control [3], is used as the 

initial values for all model groups. Our model 

considered events during pre- and post-intervention 

scenarios, similar to the general population modeling 

scenarios used in [22] for the study of Ebola virus 

transmission. The initial scenario explores the possible 

behavior of viral transmission instead of public health 

interventions. 

 

Parameter Estimation: 

    Due to the paucity of data and modeling rates, a 

sampling algorithm, based on Bayesian Inference, for 

estimating and improving model simulation accuracy 

is used. Reasonable parameter estimation with 

uncertainty analysis is important in predictions [23]. 

The sampling method assumes these parameters are 

independent and repeatedly use the previous number 

of daily confirmed cases to iterate in the 

multidimensional space composed of all parameters 

and obtain optimal estimation by constructing the 

likelihood function. Assuming  ( ) represents the 

parameters prior distribution, then  ( | ) becomes 

the likelihood function, representing the probability of 

observation sets   when the parameter is  . The steps 

are highlighted below: 

 

1. Select        as an initial parameter value, 

with   ( ) is chosen in space θ. 

2. Sample parameters at   (   ) based        

on  the  prior  uniform  distribution,  or  normal 

 

 
Fig-1: Model Diagram 

 

Table-1: Model Parameters and Description 

Parameter Description Value Reference 

βc Transmission rate among general population 0.864 [24] 

βH Transmission rate from hospitalized population 0.63 [14] 

1/k Incubation period 5.39 days [24] 

1/α Infection to hospitalization period 7 days [20] 

μ Mortality rate  0.0255 [24] 

ω1 25% Social distancing rate 0.09 Estimated 

ω2 75% Social distancing rate 0.12 Estimated 

ύ border closure rate 0.81 Estimated 

η Natural death rate 0.014 [16] 
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 distribution. 

3. Obtain the acceptance rate, based on              

the  ( | ( ))   ( | (   )) and 

prior distribution. Using the acceptance level, 

determine if there is a change, otherwise accept 

the previous value. 

4. Repeat step 2 until the required number of 

iterations is reached.  
 

    The normal distribution probability function is: 

 

 ( | )  ∏∏
 

√  ( )
 
 

  

   ( )                 (1) 

 

    The second major scenario models outbreak 

transmissions and intervention impacts in the post-

intervention phase. Two different interventions, social-

distancing, and border-closure are further modeled. 

Different rates of compliance with social distancing 

public health advice and lockdown are used to study 

the transmission. The model equations are presented 

below: 

 
  ( )

  
        (2) 

 
  ( )

  
                         (3) 

 
  ( )

  
              (4) 

 
  

  
    (   )       (5) 

 
  ( )

  
 (   )     (6) 

 
  ( )

  
                               (7) 

 

    The force of infection λ is calculated using the 

following equation: 

 

  
(         )

 
                   (8) 

 

    The susceptible group is exposed to the novel 

coronavirus through the infected and hospitalized 

group. As the susceptible group is exposed to the virus 

through two groups, we have considered two different 

types  of  transmission  rates: a  rate   of   transmission  

 

among the community members and another rate for 

spreading the disease between the community 

members and the hospitalized patients. The force of 

infection is calculated by combining these two different 

transmission rates. One is the transmission rate 

between community members, and the other is the 

transmission rate between the community members 

and the hospitalized people. Similar transmission rates 

for the general population were used in the modeling 

study. The incubation rate (κ) is the reverse of the 

incubation period. 

 

    The rate of symptom onset to the hospitalization of 

community members (α) is calculated by reversing the 

period of symptom onset to hospitalization. The basic 

reproduction number R0, which is the number of 

secondary cases generated by infected people, for 

Nigeria, is considered to be 2.42 initially. [24], while 

the natural mortality rate is 0.014. For studying the 

behavior of the disease in the post-intervention phase, 

three different scenarios were used. 25% and 75% of 

social distancing interventions were applied in first 

and second scenarios, respectively.  In this study, 25% 

of social distancing implies closures of worship centers 

and avoidance of gatherings of 50 persons and above. 

75% includes closure of public transportation and all 

markets, in addition to the initial conditions of 25%. In 

the third scenario, 75% of social distancing and 80% 

border closure is used to study the behavior of the 

COVID-19 disease outbreak model in the post-

intervention phase. We observed the effect of the 

intervention in each of these scenarios. The model 

parameters, description, and their values are as shown 

in Table-1. The susceptible and recovered equations 

after social distancing are applied as the intervention is 

given below: 

 
  ( )

  
             (9) 

 
  ( )

  
 (   )                      (10) 

 

    The equation for calculating the force of infection 

becomes: 

 

  
(         )

 
      (11) 
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    The effect on R0 after social distancing is applied as 

an intervention is given below: 

 
     

  
            (12) 

 

    The susceptible and recovered equations after social 

distancing and border closure are applied are given 

below: 

 
  ( )

  
                           (13) 

 
  ( )

  
 (   )                       (14) 

 

    The effect on R0 after border closure is applied as an 

intervention is observed using the following equation: 

 
    

  
                       (15) 

 

Results 

    Four different scenarios were created to aid the 

understanding of the outbreak dynamics in Nigeria. 

The first scenario corresponds  to  a   zero-intervention  

 

situation. Data from NCDC informs the relatively high 

force of infection used. As seen in  Fig-2,  the  number 

of infected people reaches a high value within the first 

two weeks. In scenarios 2, 3, and 4, interventions of 

varying degrees were applied to  the  model. These  are 

as shown in Fig-4 and Fig-5, respectively. Fig-3 

compliance with social distancing increases, R0 

gradually drops. A similar effect and relationship can 

be seen in Fig-4, where a tighter restriction (75%) on 

public gathering and social distancing along with 80% 

border closure is applied. Outputs of scenario 3 are as 

shown in Fig-4. Here, the value of R0 drops rapidly and 

converges to zero earlier, than in scenario 2. This is 

due to a higher rate of intervention used to model the 

outbreak in this scenario. A faster convergence of R0 

towards zero is observed in scenario 4, as shown in 

Fig-4 compared to scenarios 2 and 3 (Fig-3 and Fig-

4). This can be attributed to the introduction of these 

combined interventions. 

 

Discussions 

    To further understand the effects of R0 on all levels 

of social distancing and border closure interventions, 

the relationship between the percentage of the 

population  observing  social  distancing  and  the  time 

 

 

 

 

 

 

 

 

 

 

 

 

  

                        

Fig-2: Number of individuals in each group with respect to time in the pre-intervention phase 
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in weeks when the value of R0 falls below 1 is 

presented in Fig-5. It can be seen that the percentage 

of the population complying with social distancing is 

higher when a 75% social distancing rate is used. This 

implies that it is easier to enforce 75% social 

distancing in the population. That is, individuals tend 

to adhere to instructions when more centers and 

public transportation are closed. When the rate of 

social distancing applied is increased, the value of R0 

falls below 1 within fewer days.  In scenario 4, where 

75% of social distancing is used along with 80% 

border closure, the time in weeks when the value of R0 

falls below 1 is the same as scenario 3, where 75% of 

social distancing is applied. The minimum percentage 

of the population that needs to comply with social 

distancing, to weaken the outbreak model is obtained 

from the model.  Scenario 4 shows the effects of the 

application of  combined  intervention,  to  understand  

                           
Fig-3: Effects of fewer restrictions (25%) on public gathering and social distancing on R0 

 

                                  
Fig-4: Effects of the implementation of 75%  restrictions on public gathering and 80% border closure on R0 
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the dynamics of the outbreak model. Changes in the 

value of R0 for scenarios 2, 3, and 4 are shown over 

time in Fig-6. In all three scenarios, the value of R0 

decreases over time. It is observed that the value of R0 

for scenario 2 is larger compared to scenarios 3 and 4 

at each time step time. In scenario 4, where combined  

 

intervention is applied, the value of R0 converges to 

zero earlier compared to scenario 2 and scenario 3, 

where single intervention is applied. It is observed that 

the combined intervention weakens the outbreak 

model earlier compared to a single intervention at a 

different rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         
Fig-5: Percentage of the population observing social distancing and its relationship with R0, when R0 < 1  

 

                            
Fig-6: Values of R0 over time for three different scenarios of intervention 
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    In this paper, we present the transmission pattern, 

risk, and estimated burden of COVID-19 in Nigeria, 

using mathematical modeling. Situations of zero 

interventions and different degrees of interventions 

are modeled. For the intervention phase, 25% and 

75% social distancing are considered, while border 

closure involves 80% closure of airports, seaports, and 

intra-state borders. Here, 25% of social distancing 

implies the closure of worship centers and avoidance 

of gatherings of 50 persons and above. 75% includes 

closure of public transportation and all markets, in 

addition to the initial conditions of 25%. The effects of 

various interventions on the R0 of COVID-19 are 

presented. A higher percentage of social distancing 

appears to be more effective in controlling the spread 

of COVID-19 in Nigeria than border closure. Full 

compliance with social distancing is encouraged. 

According to our model, it is easier to enforce 75% 

closures than 25%, as the percentage of the population 

complying to social distancing is higher when a 75% 

rate is used.  The minimum requirement of the 

population percentage that needs to abide by the social 

distancing advice, to weaken the epidemic can be 

obtained from the model. 

 

Conflict of Interest 

    All authors have read and approved the final version 

of the manuscript. The authors have no conflicts of 

interest to declare. 

 

References 

[1] Dong E, Du H, Gardner L. An interactive web-based 

dashboard to track COVID-19 in real time. Lancet 

Infect Dis. 2020 May;20(5):533-34. [PMID: 32087114] 

[2] JHU. COVID-19 Dashboard by the Center for 

Systems Science and Engineering (CSSE), Johns 

Hopkins University (JHU); 2020. Available from: 

https://coronavirus.jhu.edu/map.html 

[3] NCDC. COVID-19 NIGERIA, National Center for 

Disease Control; 2020. [Cited 2020 Apr 03]. Available 

from: https://covid19.ncdc.gov.ng/ 

[4] Coronaviridae Study Group of the International 

Committee on Taxonomy of Viruses. The species 

Severe acute respiratory syndrome-related 

coronavirus: classifying 2019-nCoV and naming it 

SARS-CoV-2. Nat Microbiol. 2020 Apr;5(4):536-44. 

[PMID: 32123347] 

[5] Cui J, Li F, Shi ZL. Origin and evolution of 

pathogenic coronaviruses. Nat Rev Microbiol. 2019 

Mar;17(3):181-92. [PMID: 30531947] 

[6] Kucharski AJ, Russell TW, Diamond C, Liu Y, 

Edmunds J, Funk S, Eggo RM; Centre for Mathematical 

Modelling of Infectious Diseases COVID-19 working 

group. Early dynamics of transmission and control of 

COVID-19: a mathematical modelling study. Lancet 

Infect Dis. 2020 May;20(5):553-58. [PMID: 32171059] 

[7] Wang J, Tang K, Feng K, Lv W. High Temperature 

and High Humidity Reduce the Transmission of 

COVID-19. SSRN. 2020 Mar 10;61572059:1-19. 

[8] Chan KH, Peiris JS, Lam SY, Poon LL, Yuen KY, 

Seto WH. The Effects of Temperature and Relative 

Humidity on the Viability of the SARS Coronavirus. 

Adv Virol. 2011;2011:734690. [PMID: 22312351] 

[9] Ma Y, Zhao Y, Liu J, He X, Wang B, Fu S, Yan J, Niu 

J, Zhou J, Luo B. Effects of temperature variation and 

humidity on the death of COVID-19 in Wuhan, China. 

Sci Total Environ. 2020 Jul 1;724:138226. [PMID: 

32408453] 

[10] Holshue ML, DeBolt C, Lindquist S, Lofy KH, 

Wiesman J, Bruce H, Spitters C, Ericson K, Wilkerson 

S, Tural A, Diaz G, Cohn A, Fox L, Patel A, Gerber SI, 

Kim L, Tong S, Lu X, Lindstrom S, Pallansch MA, 

Weldon WC, Biggs HM, Uyeki TM, Pillai SK; 

Washington State 2019-nCoV Case Investigation Team. 

First Case of 2019 Novel Coronavirus in the United 

States. N Engl J Med. 2020 Mar 5;382(10):929-36. 

[PMID: 32004427] 

[11] Hellewell J, Abbott S, Gimma A, Bosse N, Jarvis C, 

Russell T, Munday J, Kucharski A, Edmunds WJ. 

Feasibility of controlling 2019-nCoV outbreaks by 

isolation of cases and contacts. medRxiv. 2020. 

[12] Lin Q, Zhao S, Gao D, Lou Y, Yang S, Musa SS, 

Wang MH, Cai Y, Wang W, Yang L, He D. A conceptual 

model for the coronavirus disease 2019 (COVID-19) 

outbreak in Wuhan, China with individual reaction and 

governmental action. Int J Infect Dis. 2020 Apr;93:211-

16. [PMID: 32145465] 

[13] Akwafuo S, Guo X, Mikler A. Epidemiological 

modelling of vaccination and reduced funeral rites 

interventions on the peproduction number, R0 of 

Ebola virus disease in West Africa. J Infectious Disease 

Med Microbiol. 2018;2(3):7-11. 

[14] L. Peng, W. Yang, D. Zhang, C. Zhuge, and L. 

Hong, “Epidemic analysis  of   COVID-19   in   China  by 

 

https://pubmed.ncbi.nlm.nih.gov/32087114/
https://coronavirus.jhu.edu/map.html
https://covid19.ncdc.gov.ng/
https://pubmed.ncbi.nlm.nih.gov/32123347/
https://pubmed.ncbi.nlm.nih.gov/30531947/
https://pubmed.ncbi.nlm.nih.gov/32171059/
https://pubmed.ncbi.nlm.nih.gov/22312351/
https://pubmed.ncbi.nlm.nih.gov/32408453/
https://pubmed.ncbi.nlm.nih.gov/32004427/
https://pubmed.ncbi.nlm.nih.gov/32145465/


 

Keywords: COVID-19, Transmission Risk 
Manuscript no: JHCR-1-135 Volume: 1      Issue: 3     143 
J Health Care and Research 

 

Original Article 

Citation: Irany FA, Akwafuo SE, Abah T, Mikler AR. Estimating the Transmission Risk of COVID-19 in Nigeria: A 

Mathematical Modelling Approach. J Health Care and Research. 2020 Sept 05;1(3):135-43.  

 

 

dynamical modelling. medRxiv. 2020. 

[15] Kucharski AJ, Russell TW, Diamond C, Liu Y, 

Edmunds J, Funk S, Eggo RM; Centre for Mathematical 

Modelling of Infectious Diseases COVID-19 working 

group. Early dynamics of transmission and control of 

COVID-19: a mathematical modelling study. Lancet 

Infect Dis. 2020 May;20(5):553-58. [PMID: 32171059] 

[16] Akwafuo S, Shattock A, Mikler AR. Modelling HIV 

Intervention among Most-at-Risk/Key Population: 

Case Study of FWSS in Nigeria. J AIDS Clin Res. 

2017;8(9). 

[17] Reyes-Silveyra J, Mikler AR. Modeling immune 

response and its effect on infectious disease outbreak 

dynamics. Theor Biol Med Model. 2016 Mar 5;13:10. 

[PMID: 26944943] 

[18] Sharomi O, Podder CN, Gumel AB, Song B. 

Mathematical analysis of the transmission dynamics of 

HIV/TB coinfection in the presence of treatment. Math 

Biosci Eng. 2008 Jan;5(1):145-74. [PMID: 18193936] 

[19] Nieddu GT, Billings L, Kaufman JH, Forgoston E, 

Bianco S. Extinction pathways and outbreak 

vulnerability in a stochastic Ebola model. J R Soc 

Interface. 2017 Feb;14(127):20160847. [PMID: 

28202592] 

 

[20] Kim S, Seo YB, Jung E. Prediction of COVID-19 

transmission dynamics using a mathematical model 

considering behavior changes in Korea. Epidemiol 

Health. 2020;42:e2020026. [PMID: 32375455] 

[21] WPP. Nigeria Population (2019) - Worldometers, 

World Population Prospects:The 2017 Revision; 2019. 

[Cited 2019 Oct 30]. Available from: 

https://www.worldometers.info/world-

population/nigeria-population/ 

[22] Ko Y, Lee SM, Kim S, Ki M, Jung E. Ebola virus 

disease outbreak in Korea: use of a mathematical 

model and stochastic simulation to estimate risk. 

Epidemiol Health. 2019;41:e2019048. [PMID: 

31801320] 

[23] Liu F, Li X, Zhu G. Using the contact network 

model and Metropolis-Hastings sampling to 

reconstruct the COVID-19 spread on the "Diamond 

Princess". Sci Bull (Beijing). 2020 May 5;65(15):1297–

305. [PMID: 32373394] 

[24] Adekunle AI, Adegboye OA, Gayawan E, McBryde 

ES. Is Nigeria really on top of COVID-19? Message from 

effective reproduction number. Epidemiol Infect. 2020 

Aug 5;148:e166. [PMID: 32753078] 

 

https://pubmed.ncbi.nlm.nih.gov/32171059/
https://pubmed.ncbi.nlm.nih.gov/26944943/
https://pubmed.ncbi.nlm.nih.gov/28202592/
https://pubmed.ncbi.nlm.nih.gov/32375455/
https://www.worldometers.info/world-population/nigeria-population/
https://www.worldometers.info/world-population/nigeria-population/
https://pubmed.ncbi.nlm.nih.gov/31801320/
https://pubmed.ncbi.nlm.nih.gov/32373394/
https://pubmed.ncbi.nlm.nih.gov/32753078/

