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ABSTRACT

During March-April 2018, an infectious measles index case traveling from Thailand led to two successive
generations of measles transmission in Taiwan, with 21 cases confirmed. The median patient age was 30.5
years (range 22-47 years); six (27%) had documented receipt of one (n=3) or more (n=3) previous
measles-containing vaccine doses at age >12 months. Epidemiological investigation and sequence
analysis found that most (n =16, 76%) measles transmissions had occurred in airport and flight settings;
secondary and tertiary cases included cabin crew (n=7), airport staff (n=2), and passengers who had
been at the same airport or on the same flight (n=7). This investigation serves as a reminder that an
international airport can be a hotspot for measles transmission. International travelers, airline cabin
crew, and airport employees are recommended to check their vaccination status and ensure that they are
fully vaccinated against measles. Furthermore, it is recommended that airline and airport employers have
an occupational health vaccination program in place to ensure appropriate pre-employment assessment
of measles immunity and vaccination.

© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

On March 23, 2018, Taiwan Centers for Disease Control (TCDC)
was notified by the Japan National Institute of Infectious Diseases
of a measles case in a Taiwanese man (32 years old) with an
unknown vaccination history. The patient had traveled from
Taiwan to Bangkok, Thailand, where measles was widespread,
during March 1-4. He had returned to Taiwan on March 4, went to
work, and developed fever and cough on March 14. On March 17, he
flew from international airport A in Taiwan to Okinawa, Japan,
where he developed rash on March 19 and was confirmed to have
measles by real-time RT-PCR testing. He remained in Okinawa until
March 26, when he returned to Taiwan.

As persons with measles are infectious from 4 days before to 4
days after rash onset (CDC, 2018), TCDC recommended that local
health departments begin tracing contacts of the case. These
included household contacts, colleagues who shared the work
area, cabin crew and passengers seated within two rows of the case
during the flight to Okinawa, and persons who had attended the
Taiwan clinic at the same time as the case and for 2 h after he had

* Corresponding author at: Office of Preventive Medicine, Centers for Disease
Control, 6 Linsen S. Road, Taipei 10050, Taiwan.
E-mail addresses: muagi@cdc.gov.tw, huangwt@ntu.edu.tw (W.-T. Huang).

https://doi.org/10.1016/j.ijid.2019.07.038

left. The flight involved a single-aisle six-abreast aircraft with
seating capacity for 180 passengers, outfitted as a single cabin
entirely with economy seats. To aid in identifying contacts, details
of his itinerary during the infectious period were released through
the Taiwanese media. Persons in Taiwan who might have been
exposed were advised to notify their local health department if
they developed symptoms of measles.

During March 30-April 5, nine additional measles cases were
confirmed: three, including two cabin crew members and one
coworker, were identified through contact tracing; six occurred in
travelers who had been at Taiwan airport A at the same time as the
index case or on the same flight (Figure 1). The travel records,
boarding gate information, times of boarding and passing through
passport control, and data from local metro cards (passengers pay for
their transit by tapping the card over the reader both entering and
exiting the stations/buses; the first pass registers the start of the
journey and the second registers the end) for these six cases were
reviewed; more than 100 photos inside the airport terminal
buildings were used as visual aids to help the cases recall their
route details. Two cases occurred in passengers who were on the
same flight from airport A in Taiwan to Okinawa and seated four and
15 rows away from the index case; three in persons exposed to the
index case at passport control; and one exposed in a duty-free shop.
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Figure 1. Transmission of measles from an international traveler — Taiwan, March-April 2018.

“The case was an airline cabin crew member who was traveling off duty at the time.

During April 13-22, 12 tertiary cases were confirmed,
including five cabin crew members, two ground staff, one
international traveler, and four (three patients/visitors and one
health care worker) acquired through contact with secondary
cases in hospitals (Figure 1). All of the cabin crew members
worked for the same airline; they were required to report for duty
at an office located in the airport terminal before scheduled
departure of the flight. A review of their work shifts indicated that
the five tertiary cases had stayed in that office at the same time or
within 2 h after the three secondary cases. The two ground staff
worked for other airlines in the area of offices, sharing the same
aisle and bathroom.

The median patient age was 30.5 years (range 22-47 years).
Among all 22 cases, six (27%) had documented receipt of one (n=3)
or more (n=3) previous measles-containing vaccine (MCV) doses
at age >12 months. Acute specimens collected for measles
serological testing within 0-5 days of rash onset showed positive
immunoglobulin (Ig) G and negative IgM antibodies in 15 (68%)
cases. All cases were infected by measles genotype DS8; the
sequences of measles virus from the 21 available isolates in Taiwan
were identical. No additional cases linked to this outbreak were
identified in Taiwan after April. There were chains of measles
transmission in Japan arising from the same index case, primarily
in Okinawa (Mizumoto et al., 2018).

Measles virus is highly contagious and can remain infectious in
the air for up to 2h (CDC, 2018). This investigation identified
multiple locations at the airport and the entire aircraft as exposure
settings (Banerjee et al., 2015; Nic Lochlainn et al., 2016; Vega et al.,
2014; Watanabe et al., 2017; Zhao, 2019). Routine measles contact
tracing of aircraft passengers based on seating proximity is not
recommended in the European and Australian guidelines (ECDC,
2009; CDNA, 2019); if initiated, however, eight rows from the case
is the minimum distance that should be considered for contact
tracing (ECDC, 2009). When investigating measles cases in
travelers, expanded strategies, including routinely releasing the
itinerary of the index case during their infectious period to identify
unknown contacts (Beard et al., 2011; Nelson et al., 2013), are

recommended by TCDC to facilitate the identification of exposures
and additional cases.

MCV was introduced into the national immunization program
in Taiwan in 1978, with the first dose administered at age 9 months
and the second dose administered at age 15 months. Routine two-
dose MCV administration at age 12-15 months and 6 years began
in 2001, and >95% two-dose coverage among children aged 6 years
has been documented (Liu et al., 2014). Catch-up vaccination of
children born between 1976 and 1994 was offered during 1992-
1994 and 2001-2004. A 2007 serosurvey of 3552 Taiwanese
volunteers found a measles IgG seroprevalence of 75%, with lower
rates (50%-60%) in adolescents and young adults (Chen et al,,
2012). TCDC recommends that all adults who do not have
documented receipt of two doses of MCV or serological evidence
of measles immunity receive two doses of MCV, especially health
care workers, women of childbearing age, international travelers,
airline cabin crew, and airport employees. It is recommended that
airline, airport, and hospital employers have an occupational
health vaccination program in place to ensure appropriate pre-
employment assessment of measles immunity and vaccination.
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