
Sub-standard vaccination compliance and 
the 2015 Disneyland measles outbreak 

Maimuna S. Majumder, Emily L. Cohn, Sumiko R. Mekaru,  
Jane E. Huston, and John S. Brownstein 

maiamajumder 



A little bit of  background… 



A little bit of  background… 

 
 
 
Data Sources: 

•  HealthMap 
•  CDPH 



Measles: Important Parameters 

•  Serial Interval = 10 to 14 days 
– SI = incubation period + infection duration 
– Also known as “generation time” 

•  R0 = 11 to 18 
– Historical values from pre-vaccination era 
– Mean number of  secondary infections per case that 

occurs over the course of  the entire infectious 
period in a population that is 100% susceptible at 
time 0 



Measles: Important Parameters 

•  …But when part of  the population is immune 
(I), we model effective reproductive number, RE 

•  When historical values of  R0 are available and 
RE can be approximated, I can be estimated 

•  When immunity is primarily conferred via 
vaccination, rate of  immunity (I) & rate of  
vaccine effectiveness (VE) can be used to 
estimate rate of  vaccination (V) in the exposed 
population. 



Measles: A Few Equations 

 
RE = R0 – R0I 

I = 1 – (RE/R0) 
V = I/VE 



Measles: Modeling Methodology 

•  IDEA (Incidence Decay and Exponential 
Adjustment) method to approximate RE 

•  Parameterize using SI = 10, 12, and 14 
– SI = 10, RE = 3.2 
– SI = 12, RE = 4.1 
– SI = 14, RE = 5.8 

•  Use these values of  RE, historical values of  R0, 
and VE of  95% to solve for rate of  vaccination 



Measles: Modeling Results 



Measles: Discussion 

•  Sub-standard rate of  vaccination is likely to blame 
for the 2015 Disneyland measles outbreak 

•  Need 96% to 99% vaccination coverage to preserve 
herd immunity; highest modeled rate = 86% 

•  Important, timely use of  publicly available data 
– Vaccination coverage statistics exist, but only on state- 

and occasionally, county-levels 

– Not granular enough to assess risk of  transmission given 
heterogeneity of  exposed population 


