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ABSTRACT

Objective. CDC routinely conducts contact investigations involving travelers on
commercial conveyances, such as aircrafts, cargo vessels, and cruise ships.

Methods. The agency used established systems of communication and
partnerships with other federal agencies to quickly provide accurate traveler
contact information to states and jurisdictions to alert contacts of potential
exposure to two travelers with Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) who had entered the United States on commercial flights in April
and May 2014.

Results. Applying the same process used to trace and notify travelers during
routine investigations, such as those for tuberculosis or measles, CDC was able
to notify most travelers of their potential exposure to MERS-CoV during the
first few days of each investigation.

Conclusion. To prevent the introduction and spread of newly emerging infec-
tious diseases, travelers need to be located and contacted quickly.
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The risk of a pandemic caused by Middle East Respira-
tory Syndrome Coronavirus (MERS-CoV), a virus that
causes predominantly respiratory symptoms and has a
substantial case fatality rate in humans, is considered
to be low,! with limited human-to-human transmis-
sion documented in health-care and household set-
tings.>* Although the virus has a low rate of infectivity,
an affected air traveler has the potential to spread
infection, and mathematical modeling suggests that
the number of new cases depends on the length of
the flight and the cabin location of the infected pas-
senger.* Several diseases with low infectivity rates (R,
<1) have been transmitted from person to person on
long flights.’

The Centers for Disease Control and Prevention
(CDC) has legal authority in the United States to con-
duct contact investigations involving travelers exposed
to communicable diseases; contact investigations for
diseases such as tuberculosis (TB),° measles,” rubella,?
pertussis, and meningococcal disease’ are performed
routinely after exposure on commercial aircraft. In
these routine investigations, travelers contacted for
follow-up are limited to those in the seats or rows in
close proximity to the index patients and sometimes
to crew members. Decisions on whom to contact after
exposure to a given disease are based on the aircraft
airflow and traveler movement dynamics, population
susceptibility, potential risks to contacts and others,
the availability of public health resources, and the
existence of effective prophylaxis or treatment.”!** In
addition to routine investigations, large-scale contact
investigations, which include all passengers and crew
members on a flight, have been performed for certain
pathogens when the potential risk of illness or death
was high or when little was known about transmissibility.
Examples of pathogens that have prompted large-scale
contact investigations among air travelers are influenza
A(HIN1)pdm09,"* severe acute respiratory syndrome-
associated coronavirus (SARS-CoV),'>!'® and Ebola.!”

Initial clinical reports of MERS-CoV infection
described substantial illness and death among infected
individuals,'®! and, as of March 23, 2016, the World
Health Organization reported 1,698 confirmed cases
and a case fatality rate of approximately 36%.% Evi-
dence at the time suggested that the spread of MERS-
CoV to other countries by commercial air travel was
likely.? Recent models suggest the continued risk of a
small number of travelers with symptomatic MERS-CoV
infection traveling to the United States each year.*
The introduction of MERS-CoV to other countries,
including France,” Italy,* Germany,® the Nether-
lands,? and South Korea,?” has been described, but
person-to-person transmission during air travel was not

documented. However, given the severity of MERS-CoV
infection and the evidence of transmission of SARS-
CoV on flights,'® concern for the risk of MERS-CoV
exposure to air travelers was heightened at the time
of these investigations.

Because of the lack of information about transmis-
sion of MERS-CoV during air travel, CDC undertook
large-scale airline contact investigations in May 2014,
when two ill passengers who traveled from Saudi Arabia
to the United States became the first confirmed cases
of MERS-CoV infection in the United States.

METHODS OF TRACING AIR TRAVELERS

CDC receives more than 2,000 reports annually from
private and public sources of travelers who are ill or
who have died during travel (CDC unpublished data).
Contact investigations involving air travelers are con-
ducted for certain cases of communicable diseases
for which transmission might occur simply by being a
passenger on an aircraft with an infectious person, and
public health intervention is warranted. The decision
to conduct a contact investigation takes into account
factors such as the clinical presentation of the index
case, flight duration, and time elapsed since travel.

The process CDC uses to perform a large-scale air-
line contact investigation is the same used to perform
aroutine airline contact investigation. The three major
steps are (/) confirming the flight information of the
index patient, (2) obtaining the passenger manifest
and contact information, and (3) providing traveler
contact information to state and foreign public health
authorities (Figure 1).

Flight information confirmation

Flight itinerary information is typically obtained from
the index patient during an initial interview with the
local health department. CDC personnel then confirm
this information with either the airline or Customs and
Border Protection (CBP).

Obtaining passenger manifest

and contact information

CDC uses a multistep process to obtain passenger
contact information; this process is different accord-
ing to whether the flight is domestic or international.
First, CDC issues a manifest order to the airline. This
manifest order cites the federal regulation (42 Code
of Federal Regulations Part 71.32(b) as authorized
by 42 U.S. Code § 264)% that requires airlines to
provide CDC with information on the index patient
and the index patient’s potential contacts, includ-
ing full name, seat number, primary and secondary
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Figure 1. Centers for Disease Control and Prevention timeline for tracing air travelers on domestic and

international flights when travelers are exposed to communicable diseases, 2014
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DGMQ is notified by health department about an
ill traveler.

Within hours,* DGMQ sends a manifest order (i.e.,

list of passengers and crew) to the airline.
Within hours to days, DGMQ receives the
manifest from the airline.
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DGMQ is notified by health department about an ill
traveler.

Within hours,® DGMQ sends a manifest order to the
airline.

Within hours to days, DGMQ receives the manifest
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Within hours,> DGMQ requests additional data from

flights
\_ J

NTC.®

® Within hours to days, NTC sends data to DGMQ.
® Within hours,® DGMQ sends notifications to health
departments and international focal points,

2Depending on the urgency of the contact investigation

®NTC is a division of Customs and Border Protection that provides advance antiterrorism targeting, research, and coordination.

DGMQ = Division of Global Migration and Quarantine
NTC = National Targeting Center-Passenger

telephone numbers, permanent home address (or state
of residence), passport number, and issuing country,
as available. The time it takes for CDC to obtain the
manifest varies, but information is typically received
within two business days of the request for information
on nonurgent cases, such as TB, in which contacts are
not likely to become rapidly infectious or benefit from
prophylaxis. Urgent orders are issued when the inves-
tigation involves highly infectious pathogens (such as
measles) and when prophylaxis can be provided (e.g.,
for meningitis exposure).

Data obtained from manifests are often incomplete.
Analysis of data received by CDC for 16 domestic-flight
manifests ordered in 2013 showed that for 45 of 234
(19%) travelers, only the first and last name were
provided (unpublished data, CDC, 2013); it was not
possible to contact most of these 45 travelers because
of missing contact information.

Contact information is frequently missing on
international-flight manifests as well. For example,
among 76 international flights arriving in the United
States for which manifests were ordered in 2013, the
airlines did not provide contact information for 1,335
of 2,500 (53%) travelers (unpublished data, CDC,
2013). However, for these international flights, CDC
uses other information sources.

The primary sources used to supplement manifest
data are federal databases accessed by CBP’s National
Targeting Center-Passenger (NTC).? NTC’s mission is
to provide advance antiterrorism targeting, research,
and coordination within CBP and among numerous law
enforcement and intelligence agencies. To accomplish
this mission, NTC uses advanced technology, includ-
ing automated targeting and data processing systems
and intelligence information. A CDC liaison stationed
at NTC facilitates the collection of passenger contact
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information for CDC during a contact investigation.
Rapid, secure communication between CDC and the
U.S. Department of Homeland Security, of which CBP
is a component, is accomplished using the Homeland
Security Information Network, an Internet-based,
information-sharing platform that connects all Depart-
ment of Homeland Security mission partners.

NTC can access various passenger data sources
to support public health contact investigations. One
supplemental data system used is the Advance Pas-
senger Information System, which provides CBP with
pre-arrival and departure manifest data for all interna-
tional travelers and crew members on aircraft or ships.*
After these supplemental methods were used for the 76
international-flight manifests ordered in 2013, at least
one piece of contact information (e.g., e-mail address,
residential address, telephone number) was available
for more than 99% of travelers.

Customs declaration forms, completed by travelers
flying into the United States, are another potential
source of information. Only one form per family unit
is required.? The forms require travelers to provide a
destination address in the United States, which could
be a hotel or other temporary location. However,
these forms are handwritten, might be incomplete or
illegible, and must be manually sorted and reviewed
by CDC personnel. Because they often do not include
a permanent address, the forms might not be help-
ful if the passenger has left the temporary location.
In addition, electronic applications, such as Mobile
Passport Control, are used in lieu of the customs
declaration form,* and information collected by this
system is not available to CDC. In general, because of
these limitations, customs declaration forms are used
only in urgent investigations when other information
sources are not available.

The Transportation Security Administration’s Secure
Flight Program® also collects information on all U.S.--
bound air travelers. When making a reservation, all
domestic and international travelers must provide their
name, date of birth, and sex to the airline, which in
turn provides this information to the Secure Flight
Program for vetting against government security watch
lists. Currently, no formal protocol is in place to pro-
vide Secure Flight Program data to CDC during public
health investigations.

Providing passenger contact information to state

and foreign public health authorities

All available passenger contact information is entered
into a secure CDC database that automatically sorts the
travelers by state of current home address. If a home
address is not available, a telephone number area code

is used, although this area code does not always indicate
the traveler’s current residence. The traveler list is then
imported into CDC’s Epidemic Information Exchange,
where CDC can rapidly and securely notify state public
health officials electronically about the index patients
and contacts who are assigned to their state.*

Travelers initially assigned to one state often need
to be reassigned to another state as the investigation
progresses because they have continued their travel.
Also, assignments are made based on the best informa-
tion available, which might include a passport home
address or a mobile telephone number that is no
longer current.

For travelers with location information outside the
United States, CDC notifies the foreign ministry of
health of the appropriate jurisdiction or the national
focal point for that country as designated under the
International Health Regulations (2005),* and pro-
vides flight information, clinical information about
the index patient, and available contact information
for exposed travelers. If CDC is aware that the index
patient’s itinerary includes multiple countries, notifica-
tions are also sent to those countries.

Travelers who cannot be assigned to a U.S. or foreign
jurisdiction are often not contacted. However, some of
these travelers will be identified by interviewing their
travel companions or family members (Figure 1).

Evaluation of crew members

Contact investigation protocols include evaluation of
crew members when it is likely they were exposed.
For example, in TB investigations, where prolonged
exposure is often needed for transmission to occur, a
passenger seated beside someone with TB for eight
hours or more would be considered a contact, whereas
flight crew members with brief interaction would not.
However, in measles investigations, where brief interac-
tion is a risk for transmission, the crew members who
served the ill passenger would be considered contacts.
Crew evaluations are typically conducted by the airline’s
occupational health service with guidance from CDC
or a state health department.

METHODS AND OUTCOMES OF
MERS-CoV CONTACT TRACING

MERS-CoV infection index-patient notifications

CDC requires immediate reporting of patients who
are suspected of having MERS-CoV infection.”® Both
cases that prompted the first two contact investigations
were reported to CDC by state health departments
after travel when MERS-CoV infection was suspected.”
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Flight confirmation of MERS-CoV

infection index patients

For both MERS-CoV contact investigations, flight infor-
mation was obtained by health departments through
interviews with the index patients and was confirmed
by CBP. The first index patient flew on April 24, 2014,
from Riyadh, Saudi Arabia, to London, England, and
then from London to Chicago, Illinois. The second
index patient flew on May 1, 2014, from Riyadh to
London, from London to Boston, Massachusetts; from
Boston to Atlanta, Georgia; and then from Atlanta to
Orlando, Florida.

Obtaining passenger manifests and contact
information for MERS-CoV investigations

Index patient 1. For the Riyadh-to-London flight, CDC
requested information for U.S. citizens seated any-
where on the aircraft. The names, passport numbers,
and limited contact information of nine U.S. citizens
onboard were provided to CDC by Public Health
England. Additional contact information was obtained
by a CDC NTC liaison for all nine contacts. For the
London-to-Chicago flight, the manifest was ordered
from the airline and received later the same day. The
80-passenger manifest included contact information
for all but seven travelers on the flight. NTC provided
contact information for all 80 travelers within hours
of the request.

Index patient 2. This passenger traveled on four flights:
two international and two U.S. domestic flights. CDC
was not notified of any passengers on the Riyadh-to-
London flight who needed to be contacted in the
United States at the time of the investigation. The
manifest for the London-to-Boston flight was provided
on the same day it was requested with contact informa-
tion for 86 of 188 (46%) travelers on the flight. NTC
provided contact information for all but three travelers
within approximately four hours.

Of the 333 travelers on two domestic flights, no
contact information was provided by the airline for 71
(21%) travelers on the manifest. Because these were
domestic flights, passport information was not available
for most travelers and the manifests were not visible
in the NTC. The airline later provided additional
information, including dates of birth, which improved
success in searching for these travelers. Data collection
was complete for the domestic flights within 72 hours
of receipt of the first manifest, and contact informa-
tion for all but 18 travelers from these two flights was
available after NTC assistance.

Customs declaration forms were not used during

either investigation because it was determined that
they were not likely to add any useful information.

Providing passenger contact information

to state and foreign public health authorities

for MERS-CoV investigations

For both MERS-CoV investigations, notifications to
health departments were dispatched through usual
procedures. Seventeen states were involved, with a
median of two contacts per state (range: 1-12). One
country was notified of 24 contacts. By the fourth day
of the first MERS-CoV investigation, all 80 travelers
on the London-to-Chicago flight had been notified.
Additionally, the nine travelers identified on the
Riyadh-to-London flight were notified within four days.
One contact was determined to be outside of CDC
jurisdiction but could not be located or contacted.
Twelve crew members were contacted by the airline
employer (Figure 2). Travelers were notified by tele-
phone, e-mail, letter, or in person.

For the second investigation, 35 states or territories
were involved, with a median of five contacts per state
(range: 1-94). Sixteen countries were notified of 91
contacts. All 23 flight crew members were contacted
by the airline. In total, 528 of 544 (97%) contacts were
notified within five days of case confirmation (Figure
2). After initial contact, 91 of 528 (17%) travelers were
reassigned to a different jurisdiction.

CDC offered to help states notify and interview
exposed travelers, and provided such assistance to
six states (32 travelers) for the first investigation and
12 states and a U.S. territory (118 travelers) for the
second investigation. International notifications were
conducted with the assistance of the Pan American
Health Organization. In some cases, the International
Health Regulations’ national focal point was contacted;
for others, the traveler was contacted by CDC directly
(Figure 2).

Bus investigation

The first index patient traveled by airport shuttle bus
from Chicago’s O’Hare International Airport to north-
ern Indiana, a one-hour trip. CDC worked with the
shuttle company to identify the driver and nine trav-
elers on the bus. Because manifests are not prepared
for bus travel, credit card records were used to obtain
passenger contact information for three passengers; in
addition, the bus driver was contacted, and two passen-
gers on the bus were airline staff members who were
identified through their employer. The remaining four
passengers had paid with cash and could not be identi-
fied. Of the 10 people traveling on the bus, six were
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contacted. The Indiana State Department of Health
issued a press release with information about the bus
itinerary, but no additional travelers were identified.

DISCUSSION

In conducting contact investigations of travelers, CDC
uses established relationships with other federal agen-
cies and existing notification systems to obtain contact
information for travelers and provide rapid notifica-
tions to public health officials. The use of secondary
data sources has greatly improved the accuracy and
completeness of traveler contact information. Place-
ment of a CDC staff member within CBP’s NTC and the
use of Department of Homeland Security information
systems for secure data transmission have also contrib-
uted to the effectiveness and timeliness of this process.

Although the effectiveness of routine contact inves-
tigations of diseases with known transmission patterns,
such as measles and TB, can be measured by the
number of contacts who are provided prophylaxis or

by the number of active secondary cases prevented,”"!

measuring the effectiveness of large-scale investigations
of emerging infectious diseases such as MERS-CoV
infection is more complicated. At the time of these
investigations, little evidence existed on the patterns
of MERS-CoV transmission during air travel, and the
potential for illness and death caused by the disease was
considered substantial. In investigations of an emerg-
ing infectious disease such as MERS-CoV infection,
CDC contacts all passengers and crew members on the
aircraft.'*'” These investigations provide an immediate
public health response and inform decisions about
future investigations. Effectiveness can more easily be
measured in the number of travelers contacted and
the speed with which this contact occurred. Although
a few people were not contacted (e.g., bus passengers)
during investigation of the first index patient, the
potential for these passengers to contract MERS-CoV
infection was considered low given their reported
length of exposure. In addition, these investigations
were not the only method used to trace travelers;

Figure 2. Summary of how air travelers were traced during a contact investigation of the first two confirmed
cases of Middle East Respiratory Syndrome Coronavirus infection in the United States, 2014

Total number of contacts for two cases: 655

(610 air passengers, 35 air crew members, 10
people on bus)

Index patient #1: 111 contacts on two flights, one
bus (89 air passengers, 12 air crew, 10 people on
bus)

Index patient #2: 544 contacts on three
flights (521 air passengers, 23 air crew)

I] 11
1 1 1 1 1
International® International®
Domestic? Unknown? Domestica® Unknown?
(one country) (16 countries)
83 4 451 2
24 91
Foreign Foreign
o € Contacted L € Contacted?
el notification only® b=ed notification only® | fe
83 437
22 77
Contacted Contacted Not contacted
| 1 ] 14 ] 14

Not contacted®
- 1

Not contacted
- 0

*Location of passenger at initial contact

®One person was determined to be outside of the Centers for Disease Control and Prevention’s jurisdiction.

Foreign notification: notification sent to public health authorities in other countries, not directly to passengers

dContacted: passengers who were contacted by U.S. public health officials

cLocation of air crew was unknown, but they were contacted by their domestic airline of employment.
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numerous methods to alert health-care providers and
the public about MERS-CoV were implemented, and
patients under investigation were reportable to CDC.*

Although some questions about transmission of
MERS-CoV remain,® at the time of these investiga-
tions, the risk of transmission from someone who was
asymptomatic was thought to be low, and quarantine
of contacts was not implemented. Quarantine involves
the restriction of movement of people who do not have
symptoms of disease and is more likely to be used when
transmission can occur during an asymptomatic state.
Decisions to implement quarantine involve balancing
individual rights with the importance of preventing the
introduction and spread of communicable diseases in
the United States.*

The primary limitation of tracing travelers during a
contact investigation is the incomplete contact infor-
mation on passenger manifests. Travelers may choose
not to provide contact information to the airline, and
many airlines do not require it. Also, some travelers
may book a flight through a third party, such as a
travel agency or an online booking agent, and provide
information to the company that is not provided to
the airline. Although contact information for most
travelers on international flights entering the United
States can usually be obtained from the Department of
Homeland Security, missing information on domestic-
flight manifests is a challenge. In response to this
problem during the MERS-CoV investigations, CDC
began requesting additional information in the mani-
fest order, including date of birth and e-mail address.
These additional pieces of information, when avail-
able, improve the success rate for finding individuals
in databases. If contact information cannot be found
for a given individual using these resources, CDC is
unable to contact the individual. A study of CDC air-
line contact investigations on TB conducted January
2007-June 2008 reported that 74% of passengers had
enough information to be assigned to a public health
jurisdiction for follow-up, but CDC received follow-up
evaluation results on only 26% of contacts.® Because
health departments are not required to return evalu-
ations to CDC during routine investigations, returned
evaluations do not represent all passengers contacted.
The lack of initial contact information for many pas-
sengers, however, is the greatest challenge. Efforts to
improve the information provided on manifests are
ongoing and will require work with industry partners
and, potentially, a change in government policy.

Another limitation is the large number of jurisdic-
tional reassignments. When no address information
for a traveler is provided, jurisdictional assignment
is made based on the telephone area code. In the

United States, where a mobile telephone number is
often kept after moving, a telephone number may not
reflect a person’s current location. Requiring travelers
to provide current address information at the time
of booking would help to eliminate this limitation.
Furthermore, many people take several flights within
a short time, changing location several times during
an investigation. Jurisdictional reassignments because
of continued travel are unavoidable in most investiga-
tions. CDC aids state and local jurisdictions in rapidly
reassigning these moving contacts.

Large-scale tracing of air travelers, based principally
on CDC’s routine protocols, was effective in rapidly
notifying jurisdictions of potentially exposed contacts.
Although CDC offered to help notify these travelers,
most jurisdictions notified travelers themselves and
reported their results to CDC. The public health
infrastructure had the capacity to conduct the contact
investigations, which involved rapidly contacting hun-
dreds of travelers.

Alternatives to large-scale contact investigations have
been proposed, such as using media announcements to
notify travelers of possible exposure and encouraging
them to monitor themselves and seek medical attention
if symptoms develop. This option has the advantage
of requiring fewer federal resources to implement but
may cause unnecessary concern to individuals who were
not exposed, and those who were exposed might not
receive the notification. CDC recently leveraged both
approaches for an Ebola contact investigation involv-
ing two commercial flights, sending a message out
immediately through the media about affected flights
while obtaining contact information from the airline
to contact passengers directly.!”

CONCLUSION

A large-scale expansion of routine processes for
conducting contact investigations allowed for rapidly
identifying and notifying hundreds of air travelers of
potential MERS-CoV exposure after the first two travel-
ers with confirmed MERS-CoV infection entered the
United States on commercial flights in April and May
2014. CDC continues to refine and improve these pro-
cesses. Initial contact of potentially exposed travelers
was followed by interviews and serologic testing, the
results of which will be published in a separate article.

The authors thank Laura Vonnahme, MPH, for her thoughtful
insights and support during this investigation. The findings
and conclusions in this article are those of the authors and do
not necessarily represent the official position of the Centers for
Disease Control and Prevention.
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