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The ongoing measles outbreak linked to the Disneyland Resort in Anaheim, California,
shines a glaring spotlight on our nation's growing antivaccination movement and the
prevalence of vaccination-hesitant parents. Although the index case has not yet been
identified, the outbreak likely started sometime between December 17 and 20, 2014.12
Rapid growth of cases across the United States indicates that a substantial percentage of the
exposed population may be susceptible to infection due to lack of, or incomplete,
vaccination. Herein, we attempt to analyze existing, publicly available outbreak data to
assess the potential role of suboptimal vaccination coverage in the population.

Methods

Without vaccination, measles is a highly contagious disease; estimates of the basic
reproductive number (Ry) from the prevaccination era range from 11 to 18.3 Ry is the mean
number of secondary infections per infectious agent that occurs during the course of the
entire infectious period in a population that is 100% susceptible at time 0.3 However, when a
portion of the population is immune to a given disease, effective reproductive number (Rg)
is observed instead of Ry.3 When historical values of Ry are available and Rg can be
approximated, the rate of immunity in the exposed population can be estimated.3
Furthermore, in situations where immunity is primarily conferred via vaccination, rate of
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immunity (1) and rate of vaccination effectiveness (Vg) can be used to estimate rate of
vaccination (V) in the exposed population as follows:

Vs, V.

To estimate the vaccination rate in the context of the 2015 measles outbreak, cumulative
incidence data were obtained via the California Department of Public Health and Health-
Map media alerts.24 We used the incidence decay and exponential adjustment (IDEA)
method to approximate the effective reproductive number (Rg).> Historically, the serial
interval () associated with measles is 10 to 14 days; thus, this range was used to
parameterize the model.8

Using nonlinear optimization, Rg was solved for S= 10, 12, and 14 days at 3.2, 4.1, and 5.8,
respectively. Measles, mumps, and rubella (MMR) vaccination rates among the exposed
population were then estimated using Rg = 3.2, 4.1, and 5.8; prevaccination era values of Ry;
and a vaccination effectiveness (Vg) of 95%.3 Over the range of Ry = [11, 18], the estimated
vaccination rates vary from 75% to 86% when Rg = 3.2, from 66% to 81% when Rg = 4.1,
and from 50% to 71% when Rg = 5.8 (Figure).

This preliminary analysis indicates that substandard vaccination compliance is likely to
blame for the 2015 measles outbreak. Our study estimates that MMR vaccination rates
among the exposed population in which secondary cases have occurred might be as low as
50% and likely no higher than 86%. Given the highly contagious nature of measles,
vaccination rates of 96% to 99% are necessary to preserve herd immunity and prevent future
outbreaks.3 Even the highest estimated vaccination rates from our model fall well below this
threshold. While data on MMR vaccination rates are available, coverage is often calculated
at the state or county level and may not be granular enough to assess risk in an outbreak
situation; this is especially the case for outbreaks originating at a tourist destination, where
vaccination coverage among visitors is highly heterogeneous. Clearly, MMR vaccination
rates in many of the communities that have been affected by this outbreak fall below the
necessary threshold to sustain herd immunity, thus placing the greater population at risk as
well.
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Figure.

Basic Reproductive No.

Estimated Measles, Mumps, and Rubella (MMR) Vaccination Rates Among the Exposed
Population Associated With the 2015 Measles Outbreak

Vaccination rates were estimated using 3 approximated values for effective reproductive
number (3.2, 4.1, and 5.8) and 8 well-established values for basic reproductive number
(11-18). A vaccination effectiveness of 95% was used for all scenarios.
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