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WHO produces estimates of annual measles burden,
i.e. number of cases, death and disability-adjusted life
years (DALYs), which serves as a routine source of global
measles burden estimates to monitor progress of measles
control [4,5]. Details of the methodology of the estimates,
constructed by experts in World Health Organization’s
Department of Immunization, Vaccines and Biologicals
(WHO/IVB), was published in 2007 along with estimates
of the trends in deaths due to measles over the period
1999-2005 [5]. These estimates along with the yearly
updates on estimates deaths in children under-age five
due to measles [5,6] are a major indicator tracking pro-
gress towards the goal of measles elimination.
In this paper, we compare and contrast the methods,

assumptions and outputs of the LiST and the WHO/
IVB models as they relate to estimating the impact of
measles vaccine on under-five mortality. The paper pro-
vides a brief description of the approach used in the two
models [5,7,8], a comparison of the assumptions and
their sources for the two models and a comparison of
the estimates of deaths and the temporal trends from
the two model. The paper concludes with a discussion
of the relative differences between the models and their
strengths and weaknesses.

Model description and method comparison
In this section, we summarize the WHO/IVB model and
LiST model, and contrast the key properties and compo-
nents in the two models.

WHO/IVB measles model
The WHO/IVB model is a mixed model used to esti-
mate country measles burden and to monitor the pro-
gress of measles elimination [5]. To best reflect the
reliability of country disease surveillance system, coun-
tries are first divided into 2 groups according to their
quality of disease reporting system (based on experts



It is more appropriate to include the competing causes
of death. In addition, infants younger than 6 month old
are not included since most of them are protected by
maternal antibody against measles infection [11,12]. The
distribution of age of infection is derived from epide-
miologic studies which suggest 77% of the susceptible
children get measles infection before their 5th birthday
in a country with low and moderate MCV coverage
[13,14]. Because of the high transmissibility of measles,
incidence of measles infection among young children
decreases only when vaccine coverage is high. The age
of infection is shifted to older ages when MCV coverage
is higher than 80% with the proportion of children hav-
ing their measles infection before 5 years old decreases
from 77% to 59%.
Country- and age-specific CFR is another key para-

meter which indicates the proportion of measles deaths
among measles cases for each age group. The values of
country-specific CFRs are derived from national data or
experts’ judge, and are not updated from time to time.
However, CFR varies year by year and across graphical
areas. It is worthy highlighting the impact of the CFR
value on the estimate of measles deaths, e.g. applying a
4% CFR to a given country which has true CFR as 5%
produces a measles death estimate as 80% (4%/5%) of
the true measles death estimates. The model is sensitive
to the variation of CFR. Given the high variation and
uncertainty of country-specific CFR estimates [15], it is
important to make effort on obtaining the accurate CFR
value. Moreover, the model assumes CFR in infants is
twice that in children aged 1-4 years old, and is four

times of that in children aged 5-9 years old. CFR is 0
for children aged 9 years and older. The assumption is
derived by experts’ judge [5,13].
As the authors mentioned in the original publication of

the model, the WHO/IVB model is not perfect, but its
straightforwardness and transparency can help health
authorities understand the epidemics in their country and
evaluate their own measles control program. The model
is not designed to predict the measles burden for country
planning. On the contrary, it aims to understand the cur-
rent status of measles infection by using available
reported and coverage data. The model considers measles
infection as the only cause of death and measles vaccine
as the only intervention; competing causes of death and
other interventions are not considered.

Measles in the LiST software
LiST software is a planning tool allowing users to project
the concurrent impact of maternal, neonatal and child
health interventions, and helps policy-makers to better
allocate the limited resources. LiST is a cohort model
built in the Spectrum Policy Modeling System [7]. The
model applies mortality and health indicators to demo-
graphic projections (2008 UN Population Division), and
models the impact of coverage changes of intervention
on population health outcomes. Country-specific cause-
of-death (CoD) profile indicates proportions of death
caused by measles, diarrhea, pneumonia, and several neo-
natal causes among neonates and child (aged 1 to
59 month) deaths. The profile was constructed by the
WHO Child Health Epidemiology Reference Group
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Figure 1 Diagrams of the WHO/IVB measles model and the LiST measles model. $ Country-specific CFR ranges from 0.05% in the
developed countries to 6-8% in the least developed countries.
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(CHERG) based on reviews of peer-reviewed articles,



applied corresponding to the number of doses received
and age of vaccine receipt that 85% is for 1 routine
dose, 94.2% is for receiving SIA only, and 98% is for



outbreak, but the LiST model does not. However, neither
model could predict the prospective occurrence or the



the least developed area. Mortality data, including
NNMR and U5MR used in the LiST model were from
The state of the world’s children, 2000[22]. In the LiST
model, we applied country-specific CoD profile for the
baseline year (year 2000) [10,23]. Proportion of measles



to the different assumptions about the number of
measles deaths in the baseline year of 2000. However,
the estimates of measles deaths converged over time,
especially 2006-2007, at the time the MCV coverage
increased. When we used the same estimates of measles

deaths for the baseline year of 2000, the two models
produced similar estimates of measles deaths for the
whole time period.



baseline year in general as was observed at global and
regional estimates (Figures of 68 countries are presented
in Additional File 1, Appendix 4). The CoD-adjusted
LiST estimate series and the WHO/IVB estimates are
alike. However, we observed more discrepancies
between the two models at individual country level, e.g.
Burkina Faso, Cambodia, Democratic Republic of the
Congo, Zambia and etc. Two types of discrepancies
were observed. One mismatch occurred when the CoD-
adjusted LiST estimates and the WHO/IVB estimates
were matching well, but slightly fell outside of the
uncertainty bound of WHO/IVB estimates when intense
SIAs were held in countries, e.g. Afghanistan, Cambodia,
Nepal, Papua New Guinea, and etc. The different
weighting method of SIA coverages in the past 4 years
prior to the target year caused at most 15% difference of
the population protected by routine MCV when a 100%
covered SIA occurred 2 years prior to the target year. In
addition, the method used in the master file of IVB was
modified and was slightly different from the method
described in the Lancet paper.[5] This intra-method dis-
crepancy added up difference between the two models.
On the other hand, countries which had no secondary
immunization opportunity, e.g. India, Liberia, Pakistan
and etc, had almost identical CoD-adjusted LiST esti-
mates and WHO/IVB estimates.
In addition, we found a slight modification of the SIA

weighting factor for 2000, the baseline year, in the
WHO/IVB model from the method presented in the
Lancet paper.[5] Smaller values of weighting factors are
used for SIAs held in 1996-1999. Therefore, the change
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supplement among under-5 children population when
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