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Summary. Background and aim: The low measles vaccination coverage contributes to the re-emerging of
measles in Italy. This study aimed to estimate the measles burden, expressed in Disability Adjusted Life Years
(DALYsS), in Umbria, for the period 2013-2018. Methods: Data on measles cases in Umbria were obtained
from the MoRoNet. While data related to the resident population, were obtained from the website of the
National Institute of Statistics. The estimated DALYs was calculated using the Burden of Communicable
Diseases in Europe toolkit. The results are expressed in DALY’ per year, per case and per 100,000 subjects,
for acute illness and for sequelae. Resu/ts: The estimated incidence in mean for the entire period was 52.50
cases per year. Resulting in an average loss of 3.10 DALY per year. Conclusions: The data obtained from this
analysis provide important information on the impact of measles in the Umbria region, and offer useful data

to the Health Authorities that can be used to reduce measles incidence in the region.
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Background

Measles is an acute (RNA) viral, vaccine-pre-
ventable disease, transmitted by droplets, and still
responsible of recurrent epidemics (1). Measles is an
important cause of death and disability among chil-
dren worldwide , responsible of 100 million of acute
infections and 6 millions of deaths per year all over
the word. Immunisation against measles started in
the 1960s and dramatically changed the epidemiology
of the disease, preventing 99% of cases in many in-
dustrialized countries. Considering the several efforts
adopted, measles appears eliminated in 43 out of 53
WHO European Region member states (2), but not
in Italy where the last epidemic outbreak started at the
end of 2016 and it is still ongoing (2019), counting for
more than 9,000 cases. In Italy, the first measles vac-

cine (mono-component, single-dose) was introduced
in late 1970s, and later replaced in 1980s with the tri-
valent vaccine (measles-mumps-rubella, MMR) (3).
However, despite the high vaccine effectiveness (95%),
which is able to induce a life-long immunity (4), mea-
sles vaccine coverage in Italy remained very low (ap-
proximately 40%) for several decades, until the early
1990s (5). However, the rate highly improved after the
reinforcement of mandatory vaccination law, which in-
creased by 6% points the coverage (6).

Considering the re-emerging of measles, and its
related health outcomes, it is important for Health Au-
thorities and policy makers to have the best possible
evidence in order to identify the most cost-effective in-
terventions able to promote and guarantee the health
of citizens. In order to do so, it is necessary to iden-
tify mixed measures, able to measure the loss of health
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in terms of years, thus allowing to make quantitative
comparisons between the various phenomena, and that
are also representative of the complex phenomena re-
lated to human health. In other words, it is necessary
to estimate the burden of infectious diseases, so that an
effective public health planning can be carried out (7).
Regarding measles, even though the infection is mainly
acute and mostly evolves into a resolution, it is also as-
sociated with both short and long-term complications,
impacting on health and quality of life. However, the
burden of disease of measles is not entirely known yet,
and no studies aimed to estimate the measles burden
during an epidemic have been conducted so far. Fur-
thermore, there are no studies available to evaluate the
burden at a national level in Italy, and above all there
are no regional assessments. This information is largely
needed in order to support public health policies (8). In
this perspective, this work aimed to: i) describe the epi-
demiology of measles in Umbria for the period 2013-
June 2019; ii) assess the burden of measles, expressed in
Disability Adjusted Life Years (DALYs), in Umbria, in
different age groups, for the period 2013-2018.

Methods

Data source

Data on measles cases in Umbria were obtained
from the MoRoNet (Measles and Rubella Network)
notification system for the period 2013-June 2019
(last update July 2019). While data related to the resi-
dent population, were obtained from the website of the
National Institute of Statistics (9).

Estimation of the burden

DALYs is a composite measure that considers the
years of life lost to disabilities (YLD), and the years of
life lost due to premature death (YLL). The YLD is
calculated considering the impact of the disease on the
quality of life, while the YLL is calculated considering
the years of life lost due to premature death, according
to the life expectancy. The information needed to build
the mathematical model are related to disease progres-
sion, rate of sequelae and underreporting. However,
since a mathematical model is based on some assump-
tions, and in order to express the uncertainty in the

outputs, given the random nature of its inputs, the
Monte Carlo simulation was recommended (10).

In order to assess the burden, only data referring
to the 2013-2018 were considered. The analysis was
divided in three sub-analysis: the pre-epidemic period
(2013-2016), then the epidemic year (2017), and last-
ly the entire 2013-2018 period. The analyses for the
2013-2016 and 2013-2018 were carried out consid-
ering both the cumulative incidence recorded in the
two periods and the average incidence per year. The
estimated DALY's was calculated using the Burden of
Communicable Diseases in Europe (BCoDE) toolkit,
a software developed by the European Centre for Dis-
ease Prevention and Control (ECDC) (11).

In our analysis a standard life expectancy was con-
sidered (maximum age 85 years). The mathematical
model used for the current analysis was developed by
the ECDC through a literature review and expert con-
sultation. Regarding the multiplication factor (MF)
used to correct for the underreporting, this should ide-
ally be sex, age group, and country specific (depending
on the type of notification systems) (11). However, in
literature, these data are not often reported. A previ-
ous study conducted in Germany, aimed to estimate
the measles burden, used a single MF of 2.5 for each
age group and sexes (12). It was identified by literature
search and estimating a low rate of underreporting,
considering that measles notification systems, as well
as diagnosis, reached a high-quality level in Europe.
For each sub-analysis the DALYs are reported per
year, per case and per 100,000 subjects (each of which
is specified on the total), for acute illness and for se-
quelae. Finally, the DALY per year and per case are
presented in both aggregated and disaggregated forms
(YLL and YLD). Values are expressed as medians with
95% uncertainty interval (95% IU) quantified by per-
forming a Monte Carlo simulation (10,000 iterations).

Statistical analysis

Descriptive analysis of measles cases was reported
either as a percentage or as an average with standard
deviation (SD). The cumulative incidence was calcu-
lated considering all notified cases in the 2013-2018
period referring to the average of the resident popu-
lation in the same period. Resident population was
stratified by sex and age.
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Ethical approval

This study has been conducted using data rou-
tinely collected within the Italian Ministry of Health

mandate; no ethical approval was needed.

Results

126 cases were reported in Umbria in the period
January 2013-June 2019, with a cumulative incidence
of 14 measles cases per 100,000 residents, 58% of
which occurred in females. The mean age was 29+16.3
years, and 15.3% cases were reported in children aged
<5 years. Laboratory confirmation was performed in
75.6% of cases, 93.9% of which were positive for mea-
sles (PCR or IgM). The vaccination status was known
for 97% of the cases, 79%of which were not vaccinated,
while the remaining had received only one dose. One
case was recorded in a pregnant woman, and 16% oc-
curred among health care workers (HCW). The most
observed complications were diarrhoea (18%), sto-
matitis (11.7%), pneumonia (9.4%), keratoconjuncti-
vitis (7.8%), hepatitis (6.3%) and thrombocytopenia
(5.5%). Hospitalization (or at least emergency room
access) occurred in 57% of the cases, and the mean
length of stay was 4 days (range 1-12 days).

Burden of measles

Considering the pre-epidemic period 2013-2016,
a cumulative incidence of 23 notified measles cases was
observed, 47.8% of which in females. After correc-
tion for underreporting, the estimated number of new
cases was 57.5. Modelling the long-term sequelae, the
expected rates were 0.02 cases of permanent disabil-
ity due to encephalitis, 0.004 cases of post-infectious
encephalitis, 0.04 deaths and 0.002 cases of subacute
sclerosing panencephalitis (SSPE). Considering the
pre-epidemic period 2013-2016 as a mean, 5.75 cases
occurred on average per year. After correction for un-
derreporting, the estimated number of new cases was
14.38 per year. Modelling the long-term sequelae, the
expected rates are O cases of permanent disability due
to encephalitis, 0.001 cases of post-infectious enceph-
alitis, 0 deaths and 0.001 cases of SSPE. Consider-
ing the epidemic year (2017), 91 new cases occurred,

64.8% of which in females. After correction for un-
derreporting, the estimated number of new cases was
227.50. Modelling the long-term sequelae, the expect-
ed rates were 0.06 cases of permanent disability due to
encephalitis, 0.15 cases of post-infectious encephali-
tis, 0.004 deaths and 0.004 cases of SSPE. Consider-
ing the period 2013-2018, a cumulative incidence of
131 notified cases was observed, 59.5% of which in
females. After correction for underreporting, the es-
timated number of new cases was 315. Modelling the
long-term sequelae, the expected rates were 0.08 cases
permanent disability due to encephalitis, 0.21 cases of
post-infectious encephalitis, and 0.003 cases of SSPE.
Lastly, considering the pre-epidemic period 2013-
2018 as a mean, 21 cases occurred on average per year.
After correction for underreporting, the estimated
number of new cases was 52.5 per year. Modelling the
long-term sequelae, the expected rates were 0.01 cases
of permanent disability due to encephalitis, 0.03 cases
of post-infectious encephalitis, 0.001 deaths and 0.001
cases of SSPE. The estimated DALY are reported in
Table 1. The DALY - in both aggregated and disag-
gregated forms — per year by sex and age groups are
depicted in Figures from 1 to 3.

Conclusion

The most recent epidemic outbreak faced by Um-
bria, as well as by Italy, started at the end of 2016 and
mainly occurred during 2017. The mean age of the
cases notified during the whole period 2013-2018 was
29+16.3 years, with 58% recorded among children <5
years old. These results highlight the need for new vac-
cination strategies as the catch up policy, or offering
the anti-MPR(V) vaccination during all possible oc-
casions, and in particular in women of child-bearing
age (13).

In this perspective, and considering the restricted
resources for health (14), a crucial role is played by
counselling and communication (15), especially for
measles vaccination, to which a large population dis-
trust is associated, mainly due to the alleged and false
association with autism (16). In Italy, the reasons for
missed measles vaccination are routinely collected, and
show a decreasing trend during the last three years
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Table 1. Overview of the measles burden, Umbria 2013-2018. Disability-adjusted life years (DALYs), Years Lived with Disability
(YLD), Years Life Lost due to premature death (YLL).

2013-2016 2013-2016 2017 2013-2018 2013-2018

cumulative average per year cumulative average per year
DALYs per year, total 3.63 (3.25-4.00)  0.91 (0.81-1.00) 13.17 (12.09-14.24) 18.58 (17.01-20.13) 3.10 (2.84-3.36)
YLD 0.91(0.71-1.13)  0.23 (0.18-0.28)  3.34 (2.74-3.97) 4.69 (3.92-5.49)  0.78 (0.65-0.93)
YLL 0.68 (0.61-0.75)  9.84(8.88-10.78) 13.88 (12.54-15.17) 2.32(2.10-2.53)

DALYs per year, acute disease

2.74 (2.43-2.94

0.69 (0.61-0.76)

10.08 (9.15-11.02) 14.19 (12.85-15.46)

2.37 (2.15-2.58)

)
)
2.72 (2.41-3.03)
)
)

0.48 (0.46-0.51)

0.67 (0.63-0.71)

0.11 (0.11-0.12)

9.60 (8.65-10.54)

13.52 (12.17-14.80)

2.26 (2.03-2.47)

3.09 (2.51-3.72)

4.39 (3.63-5.17)

0.73 (0.60-0.87)

2.85(2.27-3.47)

4.02 (3.27-4.82)

0.67 (0.54-0.81)

0.24 (0.22-0.26)

0.37 (0.33-0.40)

0.06 (0.06-0.07)

YLD 0.12 (0.11-0.13)  0.03 (0.03-0.03)
YLL 2.62 (2.32-2.94) 0.66 (0.58-0.73)
DALY per year, sequelae  0.88 (0.69-1.11) 0.22 (0.17-0.28)
YLD 0.78 (0.58-1.01)  0.20 (0.15-0.25)
YLL 0.10 (0.09-0.11)  0.02 (0.02-0.03)
DALYs per case 0.06 (0.06-0.07) 0.06 (0.06-0.07)

0.06 (0.05-0.06)

0.06 (0.05-0.06)

0.06 (0.05-0.06)

DALYs per case, acute disease

0.05 (0.04-0.05)

0.05 (0.04-0.05)

0.04 (0.04-0.05)

0.05 (0.04-0.05)

0.05 (0.04-0.05)

DALYs per case, sequelae

0.02 (0.01-0.02)

0.02 (0.01-0.02)

0.01 (0.01-0.02)

0.01 (0.01-0.02)

0.01 (0.01-0.02)

DALYs/100.000

0.41 (0.36-0.45)

0.10 (0.09-0.11)

1.48 (1.36-1.60)

2.09 (1.91-2.26)

0.35(0.32-0.38

DALYs/100.000 acute disease

0.10 (0.08-0.12)

0.08 (0.07-0.09)

1.13 (1.03-1.24)

1.59 (1.44-1.74)

DALYs/100.000 sequelae

0.31 (0.27-0.34)

0.02 (0.02-0.03)

0.35(0.28-0.42)

0.49 (0.41-0.58)

)
0.27 (0.24-0.23)
0.08 (0.07-0.10)

(17). This achievement is mainly due to the approval
of the new Immunisation Plan 2017-2019 (13), the re-
inforcement of a mandatory vaccination law (18), and
the implementation of the immunization information
system (IIS), a useful instrument to counter vaccine
hesitancy and to identify subjects under or unimmu-
nized (19). The Umbria region has an advanced IIS,
considering that all the Local Health Units use the
same shared software, and data are individual-based
(20). However, until now, electronically stored data are
mainly related to infants’ vaccinations, while older data
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that had been recorded on paper in the past decades
have not been digitalized yet. Considering our results,
future efforts in electronically recording immuniza-
tion data of older cohorts is needed (21). Moreover, a
higher percentage of cases notified in HCWs has been
recorded in Umbria compared to national data (16% vs
5% in Italy) despite measles vaccination is one of the
highly recommended vaccinations for HCWs. Mea-
sles vaccination among HCWs is extremely important
for several reasons. Firstly, to avoid potentially causing
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Figure 1. Disability-Adjusted Life Years (DALYs), Years Lived
with Disability (YLD) and Years of Life Lost (YLL) per year
and by sex and age group of measles cases, Umbria 2017.

Figure 2. Average Disability-Adjusted Life Years (DALYs), Years
Lived with Disability (YLD) and Years of Life Lost (YLL) per
year and by sex and age group of measles cases, Umbria 2013-2018.
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Figure 3. Disability-Adjusted Life Years (DALY?), Years Lived with
Disability (YLD) and Years of Life Lost (YLL) per year and by sex
and age group of cumulative measles cases, Umbria 2013-2018.

nosocomial outbreaks and secondly because HCWs
represent a positive model. Indeed, even though
health-related information are often searched on the
Internet (22-27), HCWs are still the most trusted and
most consulted source of information (28). Neverthe-
less, despite these aspects and the high efficacy and
safety of vaccinations, vaccination coverages are still
below the threshold (29). HCWSs’ immunization, as
well as for the general population, is another crucial
strategy to reach elimination goal (30). The hospitali-
zation rate was slightly lower in Umbria compared to
the national data, but in both cases approximately 60%
of the affected people were treated at the hospital. On
one hand, these data confirm that measles can have se-
vere manifestations requiring hospitalization. On the
other hand, this high rate of hospitalization might be
since the surveillance system is much more precise in
the identification of hospitalized patients, compared
to people treated in primary care. As a matter of fact,
under-reporting is an intrinsic issue of surveillance
systems, even in industrialized countries. In particu-
lar, under-reporting highly affects primary care mainly
due to underdiagnosis. Considering this, we applied a
MF to our measles burden estimation. Using both the
MF and the notified cases of measles, we observed an
estimated incidence of 52.50 cases per year. The esti-
mated cases resulted in an average loss of 3.10 DALY’
per year, whose major component is the YLL (75%).

This is mainly due to the intrinsic characteristics of
measles, resulting in a low rate of complicated infec-
tions but with a high fatality rate.

The DALY for 100,000 estimated confirmed
results shown in a previous European study (period
2009-2013) (31). However, in our study, the DALY’
per 100,000 considering only 2017, is twice higher
compare the entire period. However, it should be kept
in mind that the burden of measles could be complete-
ly avoided, thanks to the effective and safe vaccine.
According to previous study estimated the measles
burden in Germany, referring to the period 2005-
2007, the most affected age group in term of burden
was the 0-19 years old subjects, without gender dif-
ferences (12). This was not confirmed in our study,
in which the most affected age group was the 20-44
years old subjects, and mainly females. While the 0-19
age group ranked second, without gender differences.
These differences might be explained considering the
historical low measles vaccination coverage obtained
in Italy. Indeed, measles vaccination coverage was
around 40% from 1976 (when the measles vaccination
was first introduced in Italy) to the end of the 1980s.
Moreover, the second dose was introduced in the vac-
cination schedule in the year 2013 (5). Considering
these aspects, it is extremely important to know both
coverage and burden data to effectively plan interven-
tions aimed to eliminate measles. In fact, identifying
the most affected age group is mandatory to reduce
the measles burden during potential future epidemic
outbreaks, as recommended by the WHO (32).

This study has some limitations. Firstly, the mea-
sles incidence was calculated using the total population
and not the susceptible population, potentially contrib-
uting to an underestimation of the burden. Secondly,
the selected MF, although previously used in similar
analysis, it must be noted that they were European
studies, and therefore it may not be perfectly appli-
cable to the Umbrian situation. However, it was rela-
tively low, and this may have led to an underestimation
of the burden. Indeed, surveillance systems are affected
by a certain rate of under-reporting, which cannot be
ignored. Lastly, we did not modify any parameters set
in the software. These parameters are based on simpli-
fied generalizations of the disease evolution that, in the
real world, might highly be heterogeneous. Moreover,
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they had been set based on the European context that,
even though it could be representative of the Umbria
region as well, it could also be partially different.

Despite the mentioned limitations, the study has
important strengths. This is the first study presenting
epidemiology and measles burden in Umbria, in both
epidemic and non-epidemic periods. Another strength
is the pathogen-based approach used to estimate the
burden. This method is more precise compared to the
disease-based approach, allowing to include all pos-
sible clinical manifestations of the disease, instead of
considering only one (33). Furthermore, the patho-
genic-based approach ensures greater comparability of
results between various infectious diseases, as well as
between different populations (12). Moreover, in this
study data form the national surveillance system has
been used, representing the most reliable and trustful
source. Lastly, in order to estimate the burden we used
the BCoDE toolkit, an intuitive software, listed by the
European Food Safety Authority (EFSA) among the
risk ranking tools (34).

The data obtained from this analysis provide im-
portant information on the impact of measles in Um-
bria, and offer useful data to the Health Authorities
that can be used to reduce measles incidence in the
region, thus contributing to the achievement of the
elimination goal.
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