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Abstract

Background: Four measles cases in Canada and one in the United States are linked to international
importation of measles in Playa del Carmen, Quintana Roo, Mexico. Objective: To describe charac-
teristics of transmission and not spillover to local population in Mexico. Material and Methods:
The outbreak investigation was based on active search of cases and in the rapid monitoring of
vaccination coverage in children aged 1 - 7 years old. Laboratory confirmation by Enzyme-Linked
Immunosorbent Assay (ELISA) and molecular detection by Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR) assay in throat swab and urine were done. Results: One transmission
chain with three generations of cases was identified. The primary case was a 9-year-old boy who
was infected in Wales, UK. His sisters aged 7 and 15 years old respectively, were the first genera-
tion of cases in Mexico. The second generation was related to the imported cases, and affected two
Canadian tourists and an American woman aged 39 years old. A third generation occurred in Can-
ada and affected an infant of 15 months of age and his sister aged 4 years old. The genotype D8
which was circulating in UK was identified in these patients. One probable case was detected in
Quintana Roo, but was discarded by laboratory testing. The coverage with at least one dose of
Measles-Mumps-Rubella (MMR) vaccine ranged from 95% to 99.5%. Conclusion: International
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travelers with no history of vaccination are at risk of acquiring measles even in countries that
have interrupted endemic transmission. The high immunization coverage of measles containing
vaccine could explain the absence of cases in Mexican population. Highlights: Multinational
measles outbreak in a country without endemic transmission. The findings exhibit the importance
of immunization in international travelers in the post-elimination era.
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1. Introduction

Measles is a significant cause of mortality in children under 5 years of age in developing countries. In the period
2000-2011, the worldwide incidence diminished from 146 to 52 cases per million inhabitants (65% reduction),
and deaths from 548,000 to 158,000 (71% reduction) [1] [2]. Measles vaccine was introduced in Mexico in 1972,
in 1991 a schedule of two doses of vaccine was adopted, the first one applied at 12 months of age and the second
at 6 years old. In 1997 the MMR replaced this vaccine [3]-[5].

Mexico have carried out regional strategies for measles elimination [6], a catch-up immunization campaign in
1993, addressed to children from 9 months old to 14 years old (85.4% coverage), and periodic follow-up cam-
paigns, irrespective of the history of MMR vaccination in 1 - 4 year-old children in 1998, 2002, and 2010-2011
(90.5%, 91.8%, and 98.5% coverage respectively). Different immunization strategies with MR vaccine have
been performed in adolescents and adults up to 39 years of age since 2000. An immunization campaign for
adults aged 19 - 29 years old was performed in 2008 (92.5% coverage). In 2010, 87.47% of 2445 municipalities
fulfilled the regional indicator of at least 95% of vaccination coverage in 1-year-old children [7] [8].

The last endemic case occurred in Mexico in 1995 [4] [5] [7] [8], and in 2002 in the Americas [6]; however,
some imported cases from Africa, Southeast Asia and Europe continue to occur in the continent [6] [7]. Due to
insufficient population immunity in some countries [9]-[12], there have been frequent outbreaks of measles in
European region since 2008 [13]-[24], some have generated secondary cases in the Americas, mainly in Canada,
United States, Brazil, Ecuador and Mexico [6] [25]-[28].

On epidemiological week 8 of 2013, the International Health Regulations (IHR) reported the occurrence of 2
measles cases in United Kingdom; on week 9, IHR notified 3 confirmed cases and 2 probable ones in Canada.
The Pan American Health Organization reported 1 further case in the United States (week 10). Six cases had
travelled for vacations to Playa del Carmen in the municipality “Solidaridad” of state Quintana Roo [29]-[31]. In
order to analyze the spreading of transmission and procedures carried out for the outbreak control, we developed
the field investigation that was described below.

2. Material and Methods
2.1. Population

Outbreak investigation and rapid monitoring of vaccination coverage were performed in Solidaridad, and in
three municipalities that surround it: Benito Juarez (Cancun), Tulum and Isla Mujeres which receive most of na-
tional and international tourists.

2.2. Operational Case Definition [6] [32]

Suspected (SC): Person of any age with a fever and maculopapular rash.
Probable (PC): SC with one or more signs: cough, coryza, conjunctivitis.
Confirmed: PC confirmed by laboratory or by epidemiological link to another confirmed case by laboratory.

2.3. Active Search

A network of daily reporting by email of suspected cases was established in 222 health units of first and second
care level in the 10 municipalities of the state and at Cancun International Airport. Health workers were trained
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in detection, reporting, and laboratory sampling of probable cases. Also we carried out daily report of non atten-
dance to job in the hotel staff, and monitor job absences in other 4 hotels related with the findings of community
search in Cancun, Tulum and Playa del Carmen. Workers were interviewed to evaluate the cause and presence of
possible symptoms compatible with measles, including their contacts. Active search of suspected cases was per-
formed in houses surrounding the hotel (49 block radius) [32].

We used a structured questionnaire for interviews, which included questions of nationality, age, sex, type of
relationship with cases, history of measles and of immunization, and current symptoms if any. We collected la-
boratory samples from individuals who met the PC definition.

2.4. Vaccination Coverage

Rapid monitoring of vaccination coverage was carried out by method of lot quality assurance sampling, with
precision level of 5% and confidence level of 95%. The primary sampling-units were lots of basic geostatistical
areas (AGEB). A sample size of 422 children for each municipality was proportionally distributed to population
size of each lot selected. On a map, we identified the block located in the center of each AGEB, the blocks sur-
rounding it were numbered in the sense of clockwise, houses inside each block were numbered in the same way.
In rural areas numbering began with the house located in northeastern section, and continued south, then to east
and upwards north and so on. Dwellings were randomly selected [33] [34].

Field workers were trained on interview methods and application pre-coded questionnaire, containing socio-
demographic information and on doses applied of vaccine. If a house was closed during three visits, or when the
responsible of a child, did not accept participation, interviewers visited the home next door to the right, to get
information of a child of 1 - 5, and/or 6 - 7 years of age. Only doses registered in an official document were va-
lidated as applied.

2.5. Outbreak Response

Geographic areas surrounding the hotel, and the 4 municipalities described previously, were considered areas on
risk for transmission. The MR vaccine was offered to all 220 employees. Also we urged parents of children and
adolescents by radio, local press and by promotion activities in neighborhoods and clinics, to check their immu-
nization status, and if not up-to-date or if unknown, to attend a health center of the locality to receive free the
MMR vaccine.

2.6. Laboratory Methods

Cases were confirmed in the countries of origin, the genotyping results were informed by the IHR and the Cen-
ters for Disease Control and Prevention of the United States. Samples of blood, throat swab and urine were col-
lected from a probable case in Tulum. The serum sample was processed in the Laboratory of Public Health
(LPH) in Quintana Roo by ELISA-IgM against measles and by ELISA-IgM for rubella, if result for measles was
negative. Samples of urine and throat swab were sent to the National Reference Laboratory (Instituto de Di-
agnostico y ReferenciaEpidemiolégicos, INDRE, Mexico City, Mexico) for viral detection by RT-qPCR, as de-
scribed [35]. INDRE also carried out quality control for serological results of LPH of Quintana Roo, according to
international standard procedures [36].

2.7. Data Analysis

In order to identify transmission chains, and generations of secondary cases we considered the dates of arrival
and departure of Mexico and of rash onset, considering an incubation period of 21 days, and a transmissibility
period of 4 days before and 4 days after the rash onset. Questionnaires of the rapid monitoring of immunization
coverage were reviewed and validated by supervisors, before to be entered into a spreadsheet. We estimated the
percentage of children with measles vaccination and its respective 95% confidence intervals for one and two
doses of measles vaccine per lots analyzed by municipality.

3. Results
In the period 2000-2012, administrative coverage for MMR vaccine in Mexico ranged from 95.2% to 98.8%.
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Since 2003, Mexico documents a reporting rate of suspected cases, equal or greater 2 per 100,000 inhabitants,
and fulfills in over 80% indicators of opportune investigation of cases and outbreaks, with adequate specimens,
its timely shipment to laboratory, with timely laboratory results [7] [37].

3.1. Characteristics of Cases

The index cases in Mexico were a 7-year-old girl and her sister of 15 years of age, both arrived from UK with
their family to Cancun airport on February 2 of 2013. The secondary cases epidemiologically related to the in-
dex cases were a man of New Brunswick, and a woman of Ontario, both Canadians of 39 years of age who were
not related each other, and a woman of 39 years of age of the state of Florida, United States. The Canadian man
travelled to Mexico with his son of 15 months of age. The Canadian and North American tourists spent the ex-
posure period of infection in the same hotel of Playa del Carmen where the index cases were hosted. With ex-
emption the index cases who started rash on the same day of their exit of Mexico, none of the secondary cases
initiated clinical manifestations in Mexico. During development of field investigation, Canada reported the in-
cidence of two new cases linked to Playa del Carmen outbreak, in the province of New Brunswick (Can-3 and
Can-4). The history of measles immunization was unknown in one case; in the rest of patients the vaccination
history was negative. All cases fulfilled the clinical definition of confirmed measles (see Material and Methods).
None of the cases were hospitalized or died.

3.2. Active Search of Cases

Figure 1 shows the continuous report of probable cases by epidemiological week. The indicator of at least 2
probable cases per 100,000 inhabitants was fulfilled in the period 2008-2013 at national level, as can see in the
annual incidence curve. In Quintana Roo, this indicator was in limits of fulfillment in 2012 (1.9 per 100,000 in-
habitants). The daily negative network of Quintana Roo, reported four suspected cases in Cancun and one prob-
able case in Tulum. The four suspected cases did not meet definition of probable case. The probable case was a
female infant of 7 months of age without history of immunization, who was discarded of measles and rubella by
serology and by PCR. Samples of serum, throat swab and urine, were collected three days after the rash onset.
The father of probable case was a guard at a hotel in Tulum, which remained asymptomatic. In the period pend-
ing the results of laboratory, and taking into account the possibility that this were an asymptomatic rubella infec-
tion, monitoring of absences from work, spread to this hotel and three others with frequent exchange of person-
nel with this hotel. There were not suspected or probable cases, of measles/rubella, in the five hotels under sur-
veillance. The active and retrospective search in community (current cases and those occurred in the last 5
weeks) performed from 6 to March 8 did not detect additional suspected cases or probable ones.
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Figure 1. Probable cases of measles per epidemiological week and annual incidence
in Mexico and Quintana Roo, 2008-2013.
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3.3. Transmission Chain

3.3.1. Primary Case and First Generation of Secondary Cases

The transmission chain started in Wales, UK the primary case was a non-immunized boy of 9 years of age
(UK-1), who was infected at school, and started rash on February 5th. The boy transmitted the infection, to his
sisters of 7 (UK-2) and 15 years (UK-3) of age, during his pre-rash transmissibility period. Both patients tra-
veled to Mexico in incubation period, in a direct flight from Birmingham, UK, reaching the international airport
of Cancun, Quintana Roo, on February 2 of 2013. They moved from the airport to Playa del Carmen (67 Km
from Cancun) by road transportation. On February 14, they started prodromal manifestations, with onset of rash
on February 16, last day of their stay in the country (Figure 2). Both cases had no history of measles immuniza-
tion.

3.3.2. Second Generation of Secondary Cases

Considering the date onset of rash of the index cases, their transmissibility period probably occurred between
February 11 and 20. During such a period, three Canadian tourists hosted in the same hotel where cases UK-2
and UK-3 were hosted: A man of 39 years of age (Can-1) and his son of 15 months of age were staying at the
hotel between February 5 and 12, the father started rash on February 19. In addition, a woman aged 39 years
(Can-2), hosted in the hotel between February 9 and 16, presented rash on March 1st. The exposure period of
both cases overlapped with the transmissibility period of cases UK-2 and UK-3. In addition, the exposure period
of the case Can-2 overlapped with the transmissibility period of the case Can-1 (Figure 2).

A 39-year-old woman from the United States (US-1), also hosted at the hotel between 7 and 12 February,
started rash on February 19, her exposure period overlapped with the transmissibility period of the cases UK-2,
UK-3 (Figure 2). The measles immunization history was negative in the three Canadian cases and ignored in the
US case. The three secondary infections in adults were considered as imported cases from Mexico in Canada
and USA.

3.3.3. Third Generation of Secondary Cases

Canadian Health Authorities considered that cases Can-3, and Can-4 were acquired locally in New Brunswick, al-
though the exposure period of case Can-3, the infant of 15 months of age who spent vacations with his father
(Can-1) in Playa del Carmen, overlapped with the transmissibility period of the cases UK-2, UK-3, US-1 and Can-
1, this case only had direct and continuing contact with case Can-1. The case Can-4, a girl of 4 years of age, ac-
quired measles locally, and infection could have been transmitted by cases Can-1 or Can-3. None of the two cases
had history of immunization (Figure 2). None of the cases had clinical complications, nor was hospitalized.
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Figure 2. Transmission chain and generations of secondary measles cases: United Kingdom,
Mexico, United States and Canada. Source: International Health Regulations, Pan American
Health Organization, Directorate of General Epidemiology.
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Genotype D8 was identified in the three generations of secondary cases.

3.4. Transmission Risk to Other Passengers and Crew

Considering that index cases, arrived to Mexico on February 2nd, and that the period of transmissibility began ap-
proximately on February 11, there was no risk of transmission to passengers or the crew of the direct flight from
UK to Cancun. In contrary, in the return travel to UK, both patients were in period of transmissibility, and poten-
tially could have transmitted measles to other passengers and to crew, if they were susceptible. On the other hand,
taking into account, the date of departure of Mexico and parameters of transmissibility (Figure 2), there was not
risk of transmission in the return flights of the Canadian or American tourists.

3.5. Rapid Monitoring of Vaccination Coverage
We contacted 1774 children; 1353 (76%) had 1 - 5 years of age, and 421 (24%) had 6 - 7 years of age.

3.5.1. Coverage with 1 Dose of MMR Vaccine
Children aged 1 - 5 years. Only parents of 1164 (86%) children were able to present their immunization card,
coverage ranged from 97.3% (95% CI: 95 - 100) in Isla Mujeres to 97.6% (95% CI: 97% - 100%) in Benito
Juarez (Figure 3).

Children aged 6 - 7 years old. Figures correspond to 351 children (83%) with immunization card. The cover-
age ranged from 95.0% (95% CI: 91-100) in Tulum to 99.5% (95% CI: 99 - 100) in Benito Juarez and Isla Mu-
jeres (Figure 3).

3.5.2. Coverage with 2 Doses of MMR/MR Vaccine in Children of 6 - 7 Years of Age
Coverage ranged from 65.1% (95% CI: 55% - 75%) in Tulum to 93.4% (95% CI: 86% - 100%) in Isla Mujeres
(Figure 3).

3.6. Outbreak Response

Although health services had carried out immunization activities in personnel of that and other hotels in pre-
vious years, voluntary vaccination, irrespective of immunization history, was performed in 79% of the staff.
Most of employees, who rejected vaccination, did not have contact with guests. In total 325 doses of MR or
MMR were applied in control activities in the five hotels and in the community.
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Figure 3. Immunization coverage with 1 or 2 doses of measles containing vaccine in child-
ren of 1 - 5 years of age, and 6 - 7 years of age, according to rapid monitoring of vaccination
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4. Discussion

Reemergence of measles in European countries [13]-[24] highlighted the importance of maintaining proper
coordination with the IHR. The outbreak involved four countries and included three generations of secondary
cases, Mexico was a kind of “test tube” where the contact between infected patients of UK and susceptible indi-
viduals was given, which affected only some tourists from Canada and the United States.

Epidemiological surveillance in Mexico had sensitivity enough to detect importations and capacity to shoot
timely outbreak response by the immunization program. Although administrative immunization coverage was
higher than 95% in the period 2000-2012, these data likely could explain the absence of measles cases in the
Mexican population during this outbreak, however, results of the National Nutrition and Health Survey con-
ducted in late 2011 and early 2012 found that coverage in children of 15 - 23 months of age was of 87.6% (95%
Cl 83.7, 89.8), and coverage in the same age group in Quintana Roo was 90.3% (95% CI 75.3, 96.6). According
to this survey, the coverage for 1 dose of MMR vaccine in children aged 6 years old was 93.2% (95% CI 91.3,
95.0), but was only of 56.5% (95% CI 52.5%, 60.5%) for 2 doses [38].

On the other hand, results of the rapid monitoring of vaccination coverage showed figures above 95% with 1
dose of MMR vaccine, while for 2 doses, coverage was low and unacceptable in the town of Tulum. Consider-
ing that was not possible to document the application of the second dose of vaccine in a significant proportion of
children in Tulum, findings suggest that the persistence of immunity attributable to the first dose, could explain
the absence of measles cases in Mexico during this multinational outbreak.

In the multinational outbreak emerged complex scenarios for classification an ailment now eliminated in the
Americas, index cases were classified as imported from UK in Mexico, while the cases of Canada and the United
States were classified as imported from Mexico [30] [31], which was confusing considering that Mexico only pro-
vided space for contact between infected and susceptible individuals and not contributed with own cases to the
chain of measles transmission. Some authors have found that non-immune international travelers present a great
risk of getting measles when they travel not only to endemic countries, but also when they go to those countries
where the transmission of this illness has been eliminated [39]. In an outbreak occurred aboard of a cruise that
disembarked in Italy to ask for medical attendance for 27 suspected cases of measles of different nationalities,
the event was classified as “a cross-border health threat” [40].

Among limitations of the study should be highlighted we could not identify the total of individuals who had
contact with the index cases, and the second generation of cases, however, results of active search including
those reports of the network daily report, suggested that there were no more cases linked with this outbreak. On
the other hand, due to the immunization schedule, embraces between 15 and 17 doses of 6 to 7 vaccines (26 an-
tigens) in children of these age groups, only those who had immunization card were included in the rapid moni-
toring of vaccination coverage.

We recommended Mexican health authorities to improve distribution of vaccination card and strengthen staff
training in the registration of vaccine doses. Health services should monitor vaccination coverage with 1 and 2
doses of MMR to establish corrective interventions locally, and recommend international travelers to update
their immunization schedule for measles if any before departing.

5. Conclusion

International travelers are at risk of acquiring measles, even in those countries that have interrupted endemic
transmission; this outbreak underlies the importance of immunization in those travelers during the post elimina-
tion era. The high immunization coverage of measles containing vaccine could explain the absence of cases in
Mexican population.
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