
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    
    
        
            
                Advertisement

                
                    
                        
                            [image: Advertisement]
                        
                    

                

            

        

    



    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Bulletin of Mathematical Biology

	
                        Article

A Note on Observation Processes in Epidemic Models


                    	Original Article
	
                            Published: 07 March 2020
                        


                    	
                            Volume 82, article number 37, (2020)
            
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Bulletin of Mathematical Biology
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Sang Woo Park1,2 & 
	Benjamin M. Bolker2,3,4 


                        
    

                        
                            	
            
                
            1687 Accesses

        
	
            
                
            8 Citations

        
	
                
                    
                2 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
Many disease models focus on characterizing the underlying transmission mechanism but make simple, possibly naive assumptions about how infections are reported. In this note, we use a simple deterministic Susceptible-Infected-Removed (SIR) model to compare two common assumptions about disease incidence reports: Individuals can report their infection as soon as they become infected or as soon as they recover. We show that incorrect assumptions about the underlying observation processes can bias estimates of the basic reproduction number and lead to overly narrow confidence intervals.




                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Population Dynamics of Infectious Diseases
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        R 0
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        An Epidemic Model with Time-Distributed Recovery and Death Rates
                                        
                                    

                                    
                                        Article
                                        
                                         28 June 2022
                                    

                                

                                Samiran Ghosh, Vitaly Volpert & Malay Banerjee

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Anderson D, Watson R (1980) On the spread of a disease with gamma distributed latent and infectious periods. Biometrika 67(1):191–198
Article 
    
                    Google Scholar 
                

	Bhadra A, Ionides EL, Laneri K, Pascual M, Bouma M, Dhiman RC (2011) Malaria in Northwest India: data analysis via partially observed stochastic differential equation models driven by Lévy noise. J Am Stat Assoc 106(494):440–451
Article 
    
                    Google Scholar 
                

	Birrell PJ, Ketsetzis G, Gay NJ, Cooper BS, Presanis AM, Harris RJ, Charlett A, Zhang X-S, White PJ, Pebody RG et al (2011) Bayesian modeling to unmask and predict influenza A/H1N1pdm dynamics in London. Proc Natl Acad Sci 108(45):18238–18243
Article 
    
                    Google Scholar 
                

	Bjørnstad ON (2018) Epidemics: models and data using R. Springer, Berlin
Book 
    
                    Google Scholar 
                

	Bretó C, He D, Ionides EL, King AA et al (2009) Time series analysis via mechanistic models. Ann Appl Stat 3(1):319–348
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Browne C, Gulbudak H, Webb G (2015) Modeling contact tracing in outbreaks with application to Ebola. J Theor Biol 384:33–49
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Capistrán MA, Moreles MA, Lara B (2009) Parameter estimation of some epidemic models. The case of recurrent epidemics caused by respiratory syncytial virus. Bull Math Biol 71(8):1890
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Cauchemez S, Ferguson NM (2008) Likelihood-based estimation of continuous-time epidemic models from time-series data: application to measles transmission in London. J R Soc Interface 5(25):885–897
Article 
    
                    Google Scholar 
                

	Dean KR, Krauer F, Walløe L, Lingjærde OC, Bramanti B, Stenseth NC, Schmid BV (2018) Human ectoparasites and the spread of plague in Europe during the second pandemic. Proc Natl Acad Sci 115(6):1304–1309
Article 
    
                    Google Scholar 
                

	Didelot X, Whittles LK, Hall I (2017) Model-based analysis of an outbreak of bubonic plague in Cairo in 1801. J R Soc Interface 14(131):20170160
Article 
    
                    Google Scholar 
                

	Elderd BD, Dukic VM, Dwyer G (2006) Uncertainty in predictions of disease spread and public health responses to bioterrorism and emerging diseases. Proc Natl Acad Sci 103(42):15693–15697
Article 
    
                    Google Scholar 
                

	Ferguson NM, Donnelly CA, Anderson RM (2001) The foot-and-mouth epidemic in Great Britain: pattern of spread and impact of interventions. Science 292(5519):1155–1160
Article 
    
                    Google Scholar 
                

	Fine PE, Clarkson JA (1982) Measles in England and Wales–I: an analysis of factors underlying seasonal patterns. Int J Epidemiol 11(1):5–14
Article 
    
                    Google Scholar 
                

	Funk S, Camacho A, Kucharski AJ, Eggo RM, Edmunds WJ (2018) Real-time forecasting of infectious disease dynamics with a stochastic semi-mechanistic model. Epidemics 22:56–61
Article 
    
                    Google Scholar 
                

	Goldstein E, Dushoff J, Ma J, Plotkin JB, Earn DJ, Lipsitch M (2009) Reconstructing influenza incidence by deconvolution of daily mortality time series. Proc Natl Acad Sci 106(51):21825–21829
Article 
    
                    Google Scholar 
                

	González-Parra G, Arenas AJ, Chen-Charpentier BM (2014) A fractional order epidemic model for the simulation of outbreaks of influenza A (H1N1). Math Methods Appl Sci 37(15):2218–2226
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Harris JE (1990) Reporting delays and the incidence of AIDS. J Am Stat Assoc 85(412):915–924
Article 
    
                    Google Scholar 
                

	He D, Dushoff J, Day T, Ma J, Earn DJ (2013) Inferring the causes of the three waves of the 1918 influenza pandemic in England and Wales. Proc R Soc B Biol Sci 280(1766):20131345
Article 
    
                    Google Scholar 
                

	He D, Ionides EL, King AA (2009) Plug-and-play inference for disease dynamics: measles in large and small populations as a case study. J R Soc Interface 7(43):271–283
Article 
    
                    Google Scholar 
                

	Hooker G, Ellner SP, Roditi LDV, Earn DJ (2010) Parameterizing state-space models for infectious disease dynamics by generalized profiling: measles in Ontario. J R Soc Interface 8(60):961–974
Article 
    
                    Google Scholar 
                

	Keeling M, Grenfell BT (1998) Effect of variability in infection period on the persistence and spatial spread of infectious diseases. Math Biosci 147(2):207–226
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Kennedy DA, Dunn PA, Read AF (2018) Modeling Marek’s disease virus transmission: a framework for evaluating the impact of farming practices and evolution. Epidemics 23:85–95
Article 
    
                    Google Scholar 
                

	Kermack WO, McKendrick AG (1927) A contribution to the mathematical theory of epidemics. Proc R Soc A Math Phys Eng Sci 115(772):700–721
MATH 
    
                    Google Scholar 
                

	King AA, Domenech de Cellès M, Magpantay FM, Rohani P (2015) Avoidable errors in the modelling of outbreaks of emerging pathogens, with special reference to Ebola. Proc R Soc B Biol Sci 282(1806):20150347
Article 
    
                    Google Scholar 
                

	Krylova O, Earn DJ (2013) Effects of the infectious period distribution on predicted transitions in childhood disease dynamics. J R Soc Interface 10(84):20130098
Article 
    
                    Google Scholar 
                

	Lin Q, Lin Z, Chiu AP, He D (2016) Seasonality of influenza A (H7N9) virus in China-fitting simple epidemic models to human cases. PLoS ONE 11(3):e0151333
Article 
    
                    Google Scholar 
                

	Lloyd AL (2001a) Destabilization of epidemic models with the inclusion of realistic distributions of infectious periods. Proc R Soc B Biol Sci 268(1470):985–993
Article 
    
                    Google Scholar 
                

	Lloyd AL (2001b) Realistic distributions of infectious periods in epidemic models: changing patterns of persistence and dynamics. Theor Popul Biol 60(1):59–71
Article 
    
                    Google Scholar 
                

	Martinez PP, King AA, Yunus M, Faruque A, Pascual M (2016) Differential and enhanced response to climate forcing in diarrheal disease due to rotavirus across a megacity of the developing world. Proc Natl Acad Sci 113(15):4092–4097
Article 
    
                    Google Scholar 
                

	Pons-Salort M, Grassly NC (2018) Serotype-specific immunity explains the incidence of diseases caused by human enteroviruses. Science 361(6404):800–803
Article 
    
                    Google Scholar 
                

	Schenzle D (1984) An age-structured model of pre-and post-vaccination measles transmission. Math Med Biol A J IMA 1(2):169–191
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Ster IC, Singh BK, Ferguson NM (2009) Epidemiological inference for partially observed epidemics: the example of the 2001 foot and mouth epidemic in Great Britain. Epidemics 1(1):21–34
Article 
    
                    Google Scholar 
                

	Wearing HJ, Rohani P, Keeling MJ (2005) Appropriate models for the management of infectious diseases. PLoS medicine 2(7):e174
Article 
    
                    Google Scholar 
                

	Webb G, Browne C, Huo X, Seydi O, Seydi M, Magal P (2015) A model of the 2014 Ebola epidemic in West Africa with contact tracing. PLoS Curr. https://doi.org/10.1371/currents.outbreaks.846b2a31ef37018b7d1126a9c8adf22a

Article 
    
                    Google Scholar 
                

	Xia Y, Bjørnstad ON, Grenfell BT (2004) Measles metapopulation dynamics: a gravity model for epidemiological coupling and dynamics. Am Nat 164(2):267–281
Article 
    
                    Google Scholar 
                

	Yang J-Y, Chen Y, Zhang F-Q (2013) Stability analysis and optimal control of a hand-foot-mouth disease (HFMD) model. J Appl Math Comput 41(1–2):99–117
Article 
    MathSciNet 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank David Earn for providing helpful comments on the manuscript. BMB is supported by an NSERC Discovery grant.


Author information
Authors and Affiliations
	Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ, USA
Sang Woo Park

	Department of Mathematics and Statistics, McMaster University, Hamilton, ON, Canada
Sang Woo Park & Benjamin M. Bolker

	Department of Biology, McMaster University, Hamilton, ON, Canada
Benjamin M. Bolker

	Michael G. DeGroote Institute for Infectious Disease Research, McMaster University, Hamilton, ON, Canada
Benjamin M. Bolker


Authors	Sang Woo ParkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Benjamin M. BolkerView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sang Woo Park.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Park, S.W., Bolker, B.M. A Note on Observation Processes in Epidemic Models.
                    Bull Math Biol 82, 37 (2020). https://doi.org/10.1007/s11538-020-00713-2
Download citation
	Received: 28 November 2019

	Accepted: 24 February 2020

	Published: 07 March 2020

	DOI: https://doi.org/10.1007/s11538-020-00713-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Epidemic modeling
	Parameter estimation
	SIR model
	Basic reproduction number








                    
                

            

            
                
                    

                    
                        
                            
    
        
            
                Associated Content

                
                    
                        
                        Part of a collection:

                        
                        
                            Math for SDG 3 - Good Health and Well-Being
                        

                    

                
            

        
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.239.227.49
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    