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Measles continues to be one of the 
main causes of morbidity and mortality 
among children under 5 years old,  
especially in malnourished children  
and those living in less economically  
developed countries (1). In 2015, about 
250 000 cases of measles, resulting in  
184 000 deaths (about 400 per day), were 

registered worldwide (2, 3). Indigenous 
transmission of measles virus in the 
Americas was interrupted in 2002 and 
declared eliminated by the Pan Ameri-
can Health Organization (PAHO) / 
World Health Organization (WHO) in 
2016 (4–6). After interruption of indige-
nous transmission, imported cases were 

ABSTRACT Objective. To propose and test a model for analyzing municipalities’ level of risk of reintroduc-
tion and transmission of the measles virus in the post-elimination period in the Americas.
Methods. An ecological-analytical study was conducted using data on the measles epidemic 
that occurred in 2013–2015 in northeastern Brazil. The variables for analysis were selected 
after an extensive review of scientific literature on the risk of importation of measles cases. 
A univariate analysis considering the presence or absence of confirmed cases of measles in 184 
municipalities in the state of Ceará, Brazil, was carried out to evaluate the association between 
the dependent variable and 23 independent variables, grouped into four categories: 1) charac-
teristics of the municipalities; 2) quality indicators for immunization programs and epidemio-
logical surveillance; 3) organizational structure for the public health response; and 4) selected 
impact indicators. A P value < 0.05 was considered significant. All variables with P < 0.200 
were analyzed using multivariate logistic regression. Based on the results, the municipalities 
were categorized by four levels of risk (“low,” “medium,” “high,” and “very high”).
Results. The model sensitivity was 95% for concordance between municipalities classified as 
“high risk” and “very high risk” and those that had an epidemic between 2013 and 2015 in 
Ceará. Of the 38 municipalities that had an epidemic, 76% (29/38) were classified as “high 
risk” and “very high risk”; 146 municipalities did not report cases (P < 0.0002).
Conclusions. Given the imminent risk of reintroduction of measles circulation in the 
post-elimination period in the Americas, this model may be useful in identifying areas at greater 
risk for reintroduction and continued transmission of measles. Knowledge of vulnerable areas 
could trigger appropriate surveillance and monitoring to prevent sustained transmission.
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confirmed in Brazil, Canada, Ecuador, 
and the United States (6). In 2013, the 
measles virus was reintroduced in Brazil, 
with about 1 200 confirmed cases in Per-
manbuco and Ceará, two northeastern 
states (7, 8).

Given the need for sustainable elimi-
nation of the disease in the Americas, 
and taking into account the new context 
and challenges of the post-elimination 
period, two strategic plans were devel-
oped and implemented and remain in 
force until 2020—a global plan, and a Re-
gional plan (9–11).

A recent study has developed a tool to 
measure the risk of dissemination of 
measles in regions close to eliminationa 
(12). The objective of this study was to 
propose and test the model for analyzing 
municipalities’ level of risk of reintro-
duction and transmission of the measles 
virus in the post-elimination period in 
the Americas. The model analyzed data 
on the measles epidemic in northeastern 
Brazil between 2013 and 2015.

MATERIAL AND METHODS

Description of study and the 
selection and analysis of variables

This study was ecological and analyti-
cal (13). The variables were selected after 
an extensive review of scientific litera-
ture on the risk of importation of measles 
cases. The municipality was the unit of 
analysis, according to the International 
Classification of Diseases, 10th revision 
(ICD-10) and PAHO/WHO recommen-
dations. The scenario of the year before 
the occurrence of a measles epidemic in 
Brazil’s northeastern state of Ceará was 
analyzed. The occurrence or nonoccur-
rence of measles cases in 184 municipali-
ties in that state was the dependent 
(outcome) variable. The selected inde-
pendent variables (a total of 23) were 
grouped into four categories: 1) munici-
pality characteristics; 2) quality indica-
tors for immunization programs and 
epidemiologic surveillance; 3) organiza-
tional structure for the public health 
 response; and 4) impact indicators 
 (Table 1). The independent variables 
were dichotomized (“presence” versus 

a The tool does not allow for measuring the risk of 
reintroduction of the virus in areas that have al-
ready eliminated the disease because the data 
measured in the study include the public health 
response to cases and the population profile af-
fected by measles.

“absence”), using medians and values 
defined as adequate by the Brazilian 
Ministry of Health and Ministry of Tour-
ism, and PAHO/WHO, as cutoff points.

A univariate analysis was carried 
out to evaluate the association between 
the 23 independent variables and  
the  dependent variable (occurrence or 

TABLE 1. Odds ratios for four categories of health-related variables (n = 23) assessed 
as municipality risk factors for reintroduction/transmission of measles in a post-
elimination scenario, based on their association with the presence or absence of 
confirmed measles cases in 184 municipalities during an epidemic in Ceará, Brazil, 
2013–2015

Variablesa P ORb CIc

Municipality characteristics
 1. Tourismd 0.0008 3.49 1.70–9.13
 2. Population density indexd 0.0011 0.30 0.14–0.63
 3. Urbanizationd 0.0024 3.93 1.55–9.99
 4. Municipality own resources spent on health 0.3182 0.68 0.32–1.43
 5. Health expenditures per inhabitant 0.4675 0.76 0.37–1.56
 6. Industrialization 0.2441 0.65 0.31–1.34
 7. Violence 0.5292 0.77 0.34–1.71
 8. Municipal Human Development Index (MHDI) 0.3950 0.15 0.98–1.13
 9. Presence of vulnerability conditionse – – –
Quality indicators for immunization programs and epidemiologic surveillance
 10. MMRf dose 1 coverage at 12 months 0.3729 1.38 0.67–2.83
 11. Dropout rate between MMR dose 1 and 2d 0.0066 3.71 1.85–16.4
 12. Notification of exanthematic diseases 0.2527 1.58 1.71–3.46
 13.  Vaccines of regular scheme up-to-date in children < 

1 year old
0.2803 1.84 0.60–5.64

 14.  Vaccines of regular scheme up-to-date in children 
1–2 years old

0.3102 0.68 0.33–1.41

 15.  Coverage of follow-up campaign in 2011 (children 
1–6 years old)

0.4924 1.42 0.51–3.89

 16.  Dropout rate between dose 1 of PENTAg and dose 1 
of MMR

0.7352 0.87 0.40–1.89

 17. Homogeneity 0.4795 0.76 0.37–1.59
Organizational structure for the public health response
 18. Community Health Agent coveraged 0.0020 7.22 1.64–31.7
 19. Family Health Strategy (FHS) coveraged 0.0001 3.52 1.62–7.63
Impact indicators
 20. Malnutrition in children < 1 year old 0.2540 1.51 0.74–3.10
 21. Malnutrition in children 1–2 years old 0.3102 0.68 0.33–1.41
 22.  Children < 4 months old with exclusive 

breastfeeding
0.6695 0.85 0.41–1.75

 23. Child mortality rate 0.4150 0.74 0.36–1.51

Source: Prepared by the authors based on the study results.
a Information about the variables used in the model are accessible online from the following sources: 1) the information 
system of Brazil’s publicly funded health care system, DATASUS (Departamento de Informática do Sistema Único de 
Saúde), the entity responsible for collecting, processing, and disseminating health information; 2) the National 
Immunization Program Information System (Sistema de Informação do Programa Nacional de Imunização, SI-PNI); 3) the 
Notification of Injury Information System (Sistema de Informação de Agravos de Notificação, SINAN); 4) the Brazilian 
Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística, IBGE); 5) Ceará Research Institute on 
Economic Strategy (Instituto de Pesquisa e Estratégia Econômica do Ceará, IPECE); 6) the Latin American School of Social 
Sciences (Facultad Latinoamericana de Ciencias Sociales, FLACSO) (the “Violence Map”); 7) the Brazilian Ministry of 
Tourism (the “Tourism Map”); and 8) the Department of Primary Care of the Brazilian Ministry of Health (Departamento de 
Atenção Básica, Secretaria de Atenção à Saúde, DAB-MS).
b OR: odds ratio.
c CI: confidence interval.
d P value < 0.05.
e Border with other countries, favelas, violence, indigenous communities, population resistant to vaccination, difficult 
geographic access; and areas with trade fairs and mass events. This variable was originally included in the analysis to 
comply with the criteria for PAHO’s recommendation on regions that should be intensively monitored for the introduction 
of the measles virus, and was part of the second model extract the second extract.
f Measles-mumps-rubella vaccine.
g Pentavalent vaccine (protection against five diseases: diphtheria, pertussis, tetanus, hepatitis B, and Haemophilus 
influenzae type B (Hib)).
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nonoccurrence of measles. In this first 
step of the analysis, variables with a P 
value < 0.05 based on the chi-square test 
or Fisher’s exact test—a total of six—
were considered statistically significant 
indicators of risk and were incorporated 
into the model for multivariate analysis. 
All variables with a P value < 0.200 were 
analyzed using multivariate logistic 
 regression. In the second step of the anal-
ysis, three additional variables were 
added: 1) coverage with dose 1 of the 
measles-mumps-rubella vaccine (MMR); 
2) the notification rate for febrile erup-
tive (exanthematic) diseases; and 3) the 
presence of vulnerabilities (border with 
other countries, favelas (shanty towns), 
violence, indigenous communities, pop-
ulation resistant to vaccination, difficult 
geographic access, and areas with trade 
fairs and mass events).

Each municipality received a total 
score of 0 to 100. After weighting the 
variables and scores, the municipalities 
were classified as “low risk,” “medium 
risk,” “high risk,” or “very high risk,” us-
ing the 20th, 60th, and 90th percentiles to 
establish cutoff points. Thirteen points 
were given for each variable in the first 
extract (for the variables with statistical 
significance) except “coverage by Com-
munity Health Agents (CHAs),” which 
had a higher odds ratio (7.22) so was 
worth 14 points. Municipalities with a 
total score of 28 points or less were classi-
fied as “low risk,” whereas those with 
29–46 points were classified as “medium 
risk,” those with 47–67 points were clas-
sified as “high risk,” and those with 
scores of 68 or higher were classified as 
“very high risk” (Figure 1).

Ethical considerations

The study complied with all ethical re-
quirements of Brazilian National Health 
Council (Conselho Nacional de Saúde, 
CNS) resolution #466/2012 and was ap-
proved by the Ethics and Research Com-
mittee of Christus University Center 
(approval #43405315.3.0000.5049).

RESULTS

Based on the analysis, six variables 
were statistically significant (P < 0.05) 
and were thus selected as indicators for 
the model: tourism, population density, 
percentage of urbanization, dropout 
rate between MMR dose 1 and 2, propor-
tion of population covered by CHAs, 

and proportion of population covered 
by Family Health Strategy (FHS) teams 
(Table 1). Table 2 provides details 
about the scores and criteria for each 
indicator.

The model showed a sensitivity of 
94.7% for concordance between munici-
palities classified as “high risk” and 
“very high risk” and those that had an 
epidemic between 2013 and 2015 in 
Ceará. Two of the 184 municipalities 

(5.3%) were classified as “low risk,” and 
had one confirmed case each, but the 
source of infection was not the munici-
pality of residence, so both cases were 
considered imported. Among the 38 mu-
nicipalities that had an epidemic, 76% 
(29/38) were classified as “high risk” 
and “very high risk”; the 146 municipali-
ties that did not report cases 42.5% 
(62/146) had a “medium risk” classifica-
tion (P < 0.0002).

FIGURE 1. Level of risk of measles reintroduction/transmission post-elimination 
based on total score for selected indicators (A), and total score by percentile (B), 
using data from a post-elimination scenario for 184 municipalities with and without 
confirmed measles cases during an epidemic in Ceará, Brazil, 2013–2015

Source: Prepared by the authors based on the study results.
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(B) Score

Above 68 points

47 to 67 points

29 to 46 points

0 to 28 points Low risk

Medium
risk

High
risk

 Very high
risk

0

20

60

90

100

Percentile



4 Rev Panam Salud Publica 41, 2017

Original research Lemos et al. • Analysis of the risk of reintroduction and transmission of measles in the post-elimination era in the Americas

DISCUSSION

The model presented in this study 
used data on the pre-epidemic scenario 
in Ceará, Brazil, in an effort to reproduce 
the characteristics of areas with measles 

cases after elimination had been achieved. 
The risk analysis generated by the model 
was validated using data from the epi-
demic that occurred in Ceará between 
2014 and 2015. The objective was to es-
tablish a relationship between certain 

characteristics of the municipalities and 
health systems and occurrence of the epi-
demic. The model presented here could 
be used as a tool for strategic planning to 
maintain, monitor, and sustain measles 
elimination efforts in the Americas.

TABLE 2. Description, cutoff points, and scores for health-related variables assessed as municipality risk factors for reintroduction/
transmission of measles in a post-elimination scenario based on their association with the presence or absence of confirmed 
measles cases in 184 municipalities during an epidemic in Ceará, Brazil, 2013–2015

Variablesa Description Cutoff point Score

First extract of analysis
  Dropout rate between 

MMRb dose 1 and 2
Indicates the accumulation of the susceptible 
population between MMR dose 1 and 2

≥ 5% •  Municipalities with a dropout rate ≥ 5%: 13 points
•  Municipalities with a dropout rate < 5%: 0 points

 Tourism Indicates the possibility of an increase in foreign 
visitors. The classifications for different levels of 
tourism of Brazil’s Ministry of Tourism (A–E) were 
used. These classifications (categories) are based 
on the number of establishments and workers 
involved in tourism in each municipality.

Categories A, B, and C: 
international tourism
Categories D and E: 
national and local tourism

•  Municipalities with categories A, B, and C: 13 points
•  Municipalities with categories D and E: 0 points
•  Municipalities without any tourist areas: 0 points

 Population density index Indicates accumulation or dispersion of population 
within an area. To categorize each municipality, the 
state median (56 people per km2, in Ceará state) 
was used.

High density: ≥ 56 per km2

Low density: < 56 per km2
•  Municipalities with high density (≥ 56 per km2): 13 points
•  Municipalities with low density (< 56 per km2): 0 points

 Urbanization Indicates the growth of a city due to the increase 
of people. To categorize each municipality, the 
minimum proportion of residences in urban areas 
of the Brazilian Institute of Geography and 
Statistics (IBGE) (≥ 50) was used.

High urbanization: ≥ 50
Lower urbanization: < 50

•  Municipalities with high urbanization (≥ 50): 13 points
•  Municipalities with low urbanization (< 50): 0 points

  Family Health Strategy 
(FHS) coverage

The presence of this strategy in the municipalities 
facilitates the implementation of a timely response 
(treatment and vaccination) in the community before 
any suspected cases of measles. The minimum 
proportion per municipality, according to the Ministry 
of Health (≥ 70%), was used.

High FHS coverage: ≥ 70%
Low FHS coverage: < 70%

•  Municipalities with high FHS coverage (≥ 70%): 0 points
•  Municipalities with low FHS coverage (< 70%): 13 points

  Community Health 
Agent (CHA) coverage

The presence of CHAs in the municipalities 
denoted permanent community surveillance to 
identify and report suspected measles cases in a 
timely manner. As a cutoff point, the minimum 
proportion of the Ministry of Health (≥ 80%) 
assigned to each municipality was used.

High CHA coverage: ≥ 80%
Low CHA coverage: < 80%

•  Municipalities with high CHA coverage (≥ 80%): 0 points
•  Municipalities with low CHA coverage (< 80%): 14 pointsc

Second extract of analysis
 MMR dose 1 coverage Percentage of 1-year-old children vaccinated with 

MMR dose 1. The standard value (proportion) of 
the Ministry of Health and PAHO / WHO of ≥ 95% 
coverage was used.

High vaccination coverage 
for MMR dose 1: ≥ 95%
Low vaccination coverage 
for MMR dose 1: < 95%

•  Municipalities with high coverage (≥ 95%): 0 points
•  Municipalities with low coverage (< 95%): 7 points

  Reporting rate for 
exanthematic diseases

Indicates sensitivity of the municipality’s 
surveillance system to capture and report 
suspected cases of measles or rubella. The 
standard value of the Ministry of Health and 
PAHO / WHO of at least 2 suspected cases 
reported per 100 000 inhabitants was used.

Notification rate ≥ 2 cases 
per 100 000 population 

•   Municipalities with a rate ≥ 2 suspected cases per 100 000 
inhabitants: 0 points

•   Municipalities with a rate < 2 suspected cases per 100 000 
inhabitants: 7 points

  Presence of vulnerability 
conditions

The following vulnerability conditions were used: 
1) border with other countries; 2) favelas (shanty 
towns); 3) violence; 4) indigenous communities; 
5) population resistant to vaccination; 6) difficult 
geographic access; and 7) areas with trade fairs 
and mass events.

Vulnerability: presence of 
at least one condition

•  Municipalities with vulnerability: 7 points
•  Municipalities without vulnerability: 0 points

Source: Prepared by the authors based on the study results.
a Information about the variables used in the model are accessible online from the following sources: 1) the information system of Brazil’s publicly funded health care system, DATASUS 
(Departamento de Informática do Sistema Único de Saúde), the entity responsible for collecting, processing, and disseminating health information; 2) the National Immunization Program 
Information System (Sistema de Informação do Programa Nacional de Imunização, SI-PNI); 3) the Notification of Injury Information System (Sistema de Informação de Agravos de Notificação, 
SINAN); 4) the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística, IBGE); 5) Ceará Research Institute on Economic Strategy (Instituto de Pesquisa e 
Estratégia Econômica do Ceará, IPECE); 6) the Latin American School of Social Sciences (Facultad Latinoamericana de Ciencias Sociales, FLACSO) (the “Violence Map”); 7) the Brazilian 
Ministry of Tourism (the “Tourism Map”); and 8) the Department of Primary Care of the Brazilian Ministry of Health (Departamento de Atenção Básica, Secretaria de Atenção à Saúde, DAB-MS).
b Measles-mumps-rubella vaccine.
c This variable had a higher odds ratio (7.22) so was worth 14 points.
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All 184 municipalities included in the 
analysis scored poorly for the health sys-
tem quality indicators related to immu-
nization programs and epidemiological 
surveillance. If specific actions were im-
plemented to improve the quality of 
these health system indicators, risk of 
measles reintroduction and transmission 
in these municipalities may decrease, 
even if deficits in all of the health-related 
indicators studied here can not be ad-
dressed through interventions due to re-
source constraints. Specific actions may 
also be taken to address some of the indi-
cators unrelated to the health system, 
such as tourism and population density. 
For example, the authors suggest that 
1) municipalities with a strong potential 
for tourism ensure that all professionals 
working in the tourism sector are vacci-
nated with two doses of the MMR; 
2) municipalities with high rates of ur-
banization consider an alternative sched-
ule for vaccinating the target population, 
given the dynamics of large urban cen-
ters; and 3) municipalities with high 
 demographic densities consider micro- 
scenarios (community plans) for immu-
nization to help prevent the accumulation 
of susceptible populations.

Various tools have been developed to 
predict the future occurrence of diseases 
in a population, including prediction 
models developed for breast cancer, in 
which screening or chemoprophylaxis 
may be considered useful for those at 
high risk, some of which are relevant not 
only for clinical decision-making but also 
for estimating overall health costs (14–20). 
Studies describing the application of risk 

stratification and prediction models sug-
gest that there is strong evidence for the 
use of these predictive models with ad-
ministrative and clinical data for patients 
with chronic disease (21–23).

In Ireland, using predictive models and 
risk stratification, certain actions were in-
corporated in primary care and hospital 
admissions were reduced (24). Other stud-
ies have shown efficacy in customizing 
and developing models or tools that meet 
the needs of a given health system— 
including predictive models for communi-
cable diseases that consider the infectivity 
potential of the etiological agent and the 
level of population immunity—and are 
predominantly based on scientific evi-
dence drawn from models of dynamic dis-
ease transmission, and designed to support 
global efforts to control and eliminate im-
mune-preventable diseases (10, 25–30).

Endemic transmission of measles virus 
in other parts of the world remains a risk 
for regions that have eliminated the dis-
ease, and until there is a disruption of 
virus transmission worldwide, the possi-
bility of importation of measles cases and 
occurrence of outbreaks remains. Al-
though the elimination of measles in the 
Americas was certified in 2016, sporadic 
reintroductions may result in new trans-
mission chains (13) that spread accord-
ing to the level of immunity of the 
resident population (21). Therefore, the 
main challenges to maintaining the elim-
ination of measles are ensuring 1) sensi-
tive surveillance; 2) an effective response 
to the importation of the wild virus; 
3) homogeneous vaccination coverage 
(≥ 95%) in the municipalities; and 4) the 

elaboration of an integrated action plan, 
with periodic risk analysis (15, 31).

The risk of transmission of the measles 
virus is associated with vaccine coverage 
and characteristics of the municipality 
such as response capacity and epidemio-
logic surveillance. The ideal scenario is 
that all measles cases be readily identi-
fied by the health service and secondary 
cases avoided by implementing strate-
gies that contain transmission in the 
community. Therefore, the variables re-
lated to the public health response and 
structure of the health services of the mu-
nicipalities, along with the operational 
indicators, allowed for analysis of the 
risk of transmission of the measles virus 
in Ceará.

Limitations

The limitations of this study were 
mainly due to the inability to validate the 
study method in other countries in the 
Americas that have achieved measles 
elimination (including those that had epi-
demics, such as Ecuador and Venezuela) 
and in other states in Brazil (e.g., Bahia, 
Paraíba, and Pernambuco). This limita-
tion was due to lack of access to  databases 
from the abovementioned countries and 
other states in Brazil. The limitation was 
not related to the study method, and the 
variables studied here are available for 
other countries of the Americas. Future 
validation studies could address this 
gap. Another limitation may be the qual-
ity of the analyzed data, which were sec-
ondary and collected for other purposes.

Conclusions

Given the imminent risk of reintro-
duction of measles circulation in the 
post-elimination period in the Ameri-
cas, this model may be useful in iden-
tifying areas at greater risk for 
reintroduction and continued transmis-
sion of measles. Knowledge of vulnera-
ble areas could trigger appropriate 
surveillance and monitoring to prevent 
sustained transmission.

Conflicts of interest. None.

Disclaimer. Authors hold sole respon-
sibility for the views expressed in the 
manuscript, which may not necessarily 
reflect the opinion or policy of the RPSP/
PAJPH or the Pan American Health 
 Organization (PAHO).

FIGURE 2. Predicted level of risk (“low,” “medium,” “high,” and “very high”) for mea-
sles reintroduction/transmission in 184 municipalities, based on the results of a pro-
posed risk model, using data from the pre-epidemic scenario (A), and municipalities 
with confirmed measles cases one year later (B), Ceará, Brazil, 2013–2015

Source: Prepared by the authors based on the study results.

Pre-epidemic scenario–2013 (A) (B) Epidemic 2014–2015

Municipalities with 
confirmed measles cases

Categories
Low risk
Medium risk
High risk
Very high risk



6 Rev Panam Salud Publica 41, 2017

Original research Lemos et al. • Analysis of the risk of reintroduction and transmission of measles in the post-elimination era in the Americas

REFERENCES

 1. World Health Organization. Immunization, 
vaccines and biologicals: measles [Internet]. 
Geneva: WHO; 2015 [updated July 2016]. 
Available from: http://www.who.int/im-
munization/diseases/ measles/en/ 
Accessed on 30 July 2016.

 2. World Health Organization. Immunization, 
vaccines and biologicals: measles and ru-
bella laboratory network [Internet]. Geneva: 
WHO; 2016. Available from: http://www.
who.int/immunization/monitoring_sur-
veillance/burden/laboratory/measles/en/ 
Accessed on 27 October 2016.

 3. Orenstein W, Seib K. Mounting a good 
 offense against measles. N Engl J Med. 
2014;371(18):1661–3. doi: 10.1056/NEJMp 
1408696.

 4. World Health Organization. Eliminación 
de la rubéola y el síndrome de la rubéola 
congénita en las Américas. Available from: 
http://www. paho. org/hq/ index.php? 
option= com_topics& view= rdmore&cid= 
5959&Itemid= 40899& lang=en Accessed 
on 30 November 2016.

 5. World Health Organization. Global 
Outbreak Alert & Response Network 
(GOARN: measles—the Americas [Internet]. 
Geneva: WHO; 2015. Available from: 
http:// www.who.int/csr/don/ 13- febru-
ary-2015-measles/en/ Accessed on 13 Feb 
2015

 6. Pan American Health Organization. Percent 
measles/rubella cases with adequate sam-
ples: Region of the Americas, 2016. Measles/
Rubella Wkly Bull. 2016;22(52):1-2. Available 
from: http://www.paho.org/hq/index. 
php? option= com_topics& view=article& 
id=255& Itemid= 40899& lang=en Accessed 
on 16 January 2017.

 7. Lemos DR, Franco AR, de Sá Roriz ML, 
Carneiro AK, de Oliveira Garcia MH, de 
Souza FL, et al. Measles epidemic in Brazil 
in the post-elimination period: coordinated 
response and containment strategies. 
Vaccine. 2017;35(13):1721–8. doi: 10.1016/j.
vaccine.2017.02.023. Epub 2017 Feb 27.

 8. Ministério da Saúde, Secretaria de 
Vigilância em Saúde, Coordenação-Geral 
de Desenvolvimento da Epidemiologia em 
Serviços (BR). Guia de vigilância em saúde. 
1st ed. Brasília: SVS/MS; 2016. Available 
from: http://portalarquivos.saude.gov.br/
images/pdf/2016/agosto/ 25/ GVS-online.
pdf

 9. Leite RD, Barreto JL, Sousa AQ. Measles 
reemergence in Ceará, Northeast Brazil, 
15 years after elimination. Emerg Infect 
Dis. 2015;21(9):1681–3. doi: 10.3201/
eid2109.150391.

10. Pan American Health Organization. 28th 
Pan American Sanitary Conference, 64th 
Session of the Regional Committee. 

Washington, D.C., United States, 17–21 
September 2012. Washington: PAHO; 
2012. Available from: http://www.paho.
org/ hq/ index.php? option= com_ con-
tent& view= article& id= 7022% 3A2012-
2 8 t h -  p a n -  a m e r i c a n -  s a n i t a r y - 
 conference-17-21- september- 2012& 
catid=4548% 3A28th- pan-american- sani-
tary- conference& Itemid=39541& lang= en 
Accessed on 30 July 2016.

11.  World Health Organization. Global mea-
sles and rubella strategic plan: 2012-2020. 
Geneva: WHO; 2012. Available from: http://
apps.who.int/iris/bitstream/10665/44855/ 
1/9789241503396_eng.pdf

12. Lam E, Schluter WW, Masresha BG, Teleb 
N, Bravo-Alcántara P, Shefer A, et al. 
Development of a district-level program-
matic assessment tool for risk of measles 
virus transmission. Risk Anal. 2015 May 
2015. doi: 10.1111/risa.12409. [Epub ahead 
of print]

 13. Gordis L. Epidemiology. 4th ed. 
Philadelphia: Elsevier/Saunders; 2009.

 14. den Boer S, de Keizer NF, de Jonge E. 
Performance of prognostic models in criti-
cally ill cancer patients: a review. Crit 
Care. 2005;9(4):R458–63.

 15. Perel P, Edwards P, Wentz R, Roberts I. 
Systematic review of prognostic models in 
traumatic brain injury. BMC Med Inform 
Decis Mak. 2006;6:38.

 16. Cook NR. Statistical evaluation of prog-
nostic versus diagnostic models: beyond 
the ROC curve. Clin Chem. 2008;54(1): 
17–23.

 17. Abu-Hanna A, Lucas PJ. Prognostic models 
in medicine: AI and statistical approaches. 
Methods Inf Med. 2001;40(1):1–5.

 18. Fine MJ, Hanusa BH, Lave JR, Singer DE, 
Stone RA, Weissfeld LA, et al. Comparison 
of a disease-specific and a generic severity 
of illness measure for patients with com-
munity-acquired pneumonia. J Gen Intern 
Med. 1995;10(7):359–68.

 19. Fine MJ, Singer DE, Hanusa BH, Lave JR, 
Kapoor WN. Validation of a pneumonia 
prognostic index using the MedisGroups 
Comparative Hospital Database. Am J 
Med. 1993;94(2):153–9.

 20. Noble L. Pros and cons of predic-
tive  modeling approaches. Westchester, 
IL: Healthcare Finance Management 
Association; 2004.

 21. Silva C. Employers investigating predic-
tive models to cut health care costs. 
Employee Benefit News. 1 Feb 2008. New 
York: EBN; 2008.

 22. McAlister FA, Graham I, Karr GW, 
Laupacis A. Evidence-based medicine and 
the practicing clinician. J Gen Intern Med. 
1999;14(4):236–42.

 23. Jansen VA, Stollenwerk N, Jensen HJ, 
Ramsey ME, Edmunds WJ, Rhodes CJ. 
Measles outbreaks in a population with 
declining vaccine uptake. Science. 2003; 
301(5634):804.

 24. Twomey V. Predictive modelling and risk 
stratification in chronic disease. Dublin: 
Health Service Executive Integrated 
Care Programme for Prevention and 
Management of Chronic Disease; 2015. 
Available from: http://www.hse.ie/eng/
a b o u t / W h o /  c l i n i c a l / P r e d i c t i v e 
Modelling RiskStratification CD.pdf

 25. Thompson KM, Odahowski CL. 
Systematic review of measles and rubella 
serology studies. Risk Anal. 2015;36(7): 
1459–86. doi: 10.1111/risa.12430. Epub 
2015 Jun 16.

 26. Thompson KM, Cochi SL. Modeling and 
managing the risks of measles and rubella: 
a global perspective, Part I. Risk Anal. 
2016;36(7):1288–96. doi: 10.1111/
risa.12655.

 27. Kisjes KH, Duintjer Tebbens RJ, Wallace 
GS, Pallansch MA, Cochi SL, Wassilak 
SGF, et al. Individual-based modeling of 
potential poliovirus transmission in con-
nected religious communities in North 
America with low uptake of vaccination. 
J Infect Dis. 2014;210 Suppl 1:S424–33. doi: 
10.1093/infdis/jit843.

 28. Borysiewicz LK. Prevention is better 
than cure. Lancet. 2010;375(9713):513–23. 
doi: 10.1016/S0140-6736(09)61757-8. Epub 
2009 Dec 23.

 29. Hagmann SH, Christenson JC. Measles 
and the risk posed by international travel-
ers at the time of elimination or post- 
elimination. Travel Med Infect Dis. 
2015;13(1):1–2.

 30. Parker AA, Staggs W, Dayan GH, Ortega-
Sánchez IR, Rota PA, Lowe L, et al. 
Implications of a 2005 measles outbreak in 
Indiana for sustained elimination of mea-
sles in the United States. N Engl J Med. 
2006;355(5):447–55.

 31. Pan Americana Health Organization. 
Resolution CSP28.R14: Plan of action for 
maintaining measles, rubella, and congen-
ital rubella syndrome elimination in the 
Region of the Americas. Washington: 
PAHO; 2012. Available from: http://
www.paho.org/hq/index.php?option= 
com_docman&task=doc_download& 
gid=18952& Itemid=270&lang=em

Manuscript submitted 9 March 2017. Revised ver-
sion accepted for publication on 12 June 2017.

http://www.paho.org/hq/index.php?option= com_docman&task=doc_download&gid=18952& Itemid=270&lang=em
http://www.paho.org/hq/index.php?option= com_docman&task=doc_download&gid=18952& Itemid=270&lang=em
http://www.paho.org/hq/index.php?option= com_docman&task=doc_download&gid=18952& Itemid=270&lang=em
http://www.paho.org/hq/index.php?option= com_docman&task=doc_download&gid=18952& Itemid=270&lang=em


Rev Panam Salud Publica 41, 2017 7

Lemos et al. • Analysis of the risk of reintroduction and transmission of measles in the post-elimination era in the Americas Original research

RESUMEN

RESUMO

Objetivo. Proponer y poner a prueba un modelo para analizar el nivel de riesgo de 
reintroducción y transmisión del virus del sarampión que existe en los municipios 
durante el período posterior a la eliminación en la Región de las Américas.
Métodos. Se realizó un estudio ecológico y analítico empleando datos sobre la epi-
demia de sarampión que afectó al noreste del Brasil del 2013 al 2015. Las variables 
para el análisis se seleccionaron después de efectuar un amplio examen de las publica-
ciones científicas sobre el riesgo de importación de casos de sarampión. Se llevó a cabo 
un análisis con una sola variable considerando la presencia o ausencia de los casos de 
sarampión confirmados en 184 municipios del estado de Ceará (Brasil) para evaluar  
la asociación entre la variable dependiente y 23 variables independientes, que se 
agruparon en cuatro categorías: 1) características de los municipios; 2) indicadores de 
calidad de los programas de vacunación y la vigilancia epidemiológica; 3) estructura 
de organización de la respuesta de salud pública, y 4) indicadores del impacto selec-
cionados. Se consideró significativo un valor de P < 0,05. Todas las variables con un 
valor P < 0,200 se analizaron empleando una regresión logística con varias variables. 
Teniendo en cuenta los resultados, los municipios se clasificaron en función de cuatro 
niveles de riesgo (“bajo”, “medio”, “alto” y “muy alto”).
Resultados. El modelo tenía una sensibilidad de 95% en el caso de la concordancia entre 
los municipios clasificados dentro de las categorías de “riesgo alto” y “riesgo muy alto” 
y los que tuvieron una epidemia entre el 2013 y el 2015 en Ceará. De los 38 municipios 
que tuvieron una epidemia, 76% (29/38) se clasificaron dentro de las categorías de 
“riesgo alto” y “riesgo muy alto”; 146 municipios no notificaron casos (P < 0,0002).
Conclusiones. Dado el riesgo inminente de reintroducción de la circulación del saram-
pión durante el período posterior a la eliminación en la Región de las Américas, este 
modelo puede ser útil para reconocer las zonas en las que existe un mayor riesgo de 
reintroducción y transmisión continua del sarampión. El conocimiento de las zonas 
vulnerables podría desembocar en actividades de vigilancia y seguimiento apropia-
das para evitar la transmisión sostenida.

Objetivo. Elaborar e testar um modelo para analisar o risco de reintrodução e trans-
missão do vírus do sarampo ao nível municipal no período pós-eliminação nas Américas. 
Métodos. Um estudo analítico-ecológico foi realizado com base nos dados da epidemia 
de sarampo ocorrida em 2013–2015 no nordeste do Brasil. As variáveis para análise 
foram selecionadas após extensa revisão da literatura científica sobre o risco de impor-
tação de casos de sarampo. Uma análise univariada considerando a presença ou a ausên-
cia de casos confirmados de sarampo em 184 municípios no Estado do Ceará foi 
 conduzida para avaliar a associação entre a variável dependente e 23 variáveis indepen-
dentes divididas em quatro grupos: 1) características dos municípios, 2) indicadores de 
qualidade dos programas de vacinação e da vigilância epidemiológica, 3) estrutura orga-
nizacional para resposta em saúde pública e 4) indicadores de impacto selecionados. Um 
nível de significância de 5% foi definido. Todas as variáveis com P < 0,200 foram anali-
sadas por regressão logística multivariada e, segundo os resultados, os municípios foram 
categorizados em quatro níveis de risco: baixo, intermediário, alto e muito alto. 
Resultados. A sensibilidade do modelo foi de 95% para concordância entre os municípios 
categorizados como “risco alto” e “risco muito alto” e os que registraram a ocorrência 
de epidemia entre 2013 e 2015 no Ceará. Dos 38 municípios onde ocorreu uma epidemia, 
76% (29/38) apresentaram “risco alto” e “risco muito alto” de reintrodução e trans-
missão do vírus do sarampo e 146 municípios não notificaram casos (P < 0,0002). 
Conclusão. Diante do risco iminente de reintrodução da circulação do vírus do  
sarampo no período pós-eliminação nas Américas, este modelo pode servir para  
identificar as áreas de maior risco de reintrodução e transmissão contínua do vírus  
do sarampo. Conhecer as áreas vulneráveis incentiva a adoção de procedimentos  
adequados de vigilância e monitoramento a fim de prevenir a transmissão sustentada. 
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