1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Intern Med. Author manuscript; available in PMC 2018 March 30.

-, HHS Public Access
«

Published in final edited form as:
Ann Intern Med. 2017 July 18; 167(2): 77-84. doi:10.7326/M16-2249.

Missed opportunities for MMR vaccination among departing U.S.
adult travelers receiving pretravel health consultations

Emily P. Hyle, MD SM&P.cd Sowmya R. Rao, PhD&f, Emily S. Jentes, PhD MPHY, Amy
Parker Fiebelkorn, MSN MPHN, Stefan H.F. Hagmann, MD MSc'J, Allison Taylor Walker, PhD
MPH9Y, Rochelle P. Walensky, MD MPHP-.¢d Edward T. Ryan, MD2¢d, and Regina C.
LaRocque, MD MPHa.c.d

aTravelers' Advice and Immunization Center, Massachusetts General Hospital, Boston, MA

bMedical Practice Evaluation Center, Department of Medicine, Massachusetts General Hospital,
Boston, MA

cDivision of Infectious Diseases, Massachusetts General Hospital, Boston, MA
dHarvard Medical School, Boston, MA

®MGH Biostatistics Center, Massachusetts General Hospital, Boston, MA
fDepartment of Surgery, Boston University, Boston, MA

9Division of Global Migration and Quarantine, Centers for Disease Control and Prevention,
Atlanta, GA

hDivision of Viral Diseases, National Center for Immunization and Respiratory Diseases, Centers
for Disease Control and Prevention, Atlanta, GA

iDivision of Pediatric Infectious Diseases, Bronx Lebanon Hospital Center, Bronx, NY

iDepartment of Pediatrics, Icahn School of Medicine at Mount Sinai, New York, NY

Abstract

Background—Measles outbreaks continue to occur in the United States and are mostly due to
infections in returning travelers.

Objective—We described how providers assessed the measles immunity status of departing U.S.
adult travelers seeking pretravel consultation and assessed reasons given for nonvaccination among
those considered eligible to receive the measles-mumps-rubella (MMR) vaccine.

Design—Observational study in U.S. pretravel clinics.

Setting—24 sites associated with Global TravEpiNet (GTEN), a Centers for Disease Control and
Prevention-funded consortium.

Patients—Adults (born in or after 1957) attending pre-travel consultations at GTEN sites
(2009-2014).

IRB Approval: An institutional review board at all 24 participating sites either approved the study or considered it exempt from
review.
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Measurements—Structured questionnaire completed by traveler and provider during pretravel
consultation.

Results—We included 40,810 adult travelers; providers considered 6,612 (16%) to be eligible for
MMR vaccine at the time of pretravel consultation. Of the MMR-eligible, 3,477 (53%) were not
vaccinated at the visit; of these, 1,689 (48%) were not vaccinated due to traveler refusal, 966
(28%) due to provider decision, and 822 (24%) due to health systems barriers. Most MMR-eligible
travelers who were not vaccinated were evaluated in the South (2,262 travelers, 65%) or at
nonacademic centers (1,777 travelers, 51%). Nonvaccination due to traveler refusal was most
frequent in the South (1,432 travelers, 63%) or at nonacademic centers (1,178 travelers, 66%).

Limitations—Our estimates could underrepresent the opportunities for MMR vaccination, as
providers accepted verbal histories of disease and vaccination as evidence of immunity.

Conclusions—Sixteen percent of U.S. adult travelers who presented for pretravel consultation at
GTEN sites met criteria for MMR vaccination according to the provider's assessment, but fewer
than half of these travelers were vaccinated. An increase in MMR vaccination of eligible U.S.
adult travelers could reduce the likelihood of measles importations and transmissions.

Introduction

In 2000, endemic measles was eliminated in the United States (1). Nevertheless, measles
outbreaks persist due to imported cases (2). More than half of such measles importations
occur in returning unvaccinated U.S. travelers who acquire infection with measles while

abroad; these individuals may infect others following their return to the United States (3).

Since 1989, the Advisory Committee on Immunization Practices (ACIP)has recommended
two documented doses of measles-mumps-rubella (MMR) vaccine for all adult international
travelers without evidence of prior measles immunity (4, 5). The risk of acquiring measles is
greatly increased outside the U.S. (6, 7), and air travel has been associated with measles
transmission (8). When evaluating patients before international travel, some healthcare
providers may not be aware that measles is a travel-associated illness, despite ACIP
recommendations (7).

A single imported measles case can lead to many secondary and tertiary cases, so imported
measles cases often have a wide-reaching impact in the United States (2). Measles spreads
via aerosolized droplets and is highly infectious; ninety percent of exposed, unvaccinated
people will become ill with measles after entering a room that housed an infected person for
up to two hours beforehand (9). The risks of measles transmission are magnified in
communities with a higher prevalence of unvaccinated adults and children (10), such as
occurred with the so-called “Disneyland” outbreak of measles in 2015, when an infected
visitor to Disneyland led to 147 reported cases in 7 states (11). Similarly, just two imported
measles cases from travelers returning from the Philippines in 2014 led to an outbreak of
383 cases in Ohio in a primarily unvaccinated Amish community (12, 13).

In this multisite observational study, our goal was to describe how clinicians who are
experienced in providing pretravel medical advice assess for measles immunity at pretravel
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medical encounters and to examine reasons for nonvaccination among those who are MMR
vaccine-eligible.

Study setting

Global TravEpiNet (GTEN) is a consortium of clinical sites throughout the United States
that provide pretravel health advice and vaccination (14). Fourteen sites are academic
centers which have affiliations with university hospitals or medical schools; the 10 other
sites are primary care practices, pharmacies, and public health clinics. Each GTEN site
prospectively and systematically collects data regarding every pretravel health consultation.
The 24 sites that contributed data to this analysis are in four census regions of the United
States: Northeast (8 sites), Midwest (2 sites), South (8 sites), and West (6 sites) (15).

Study population and eligibility criteria

Travelers were included if they were aged 18 years or older when they visited a GTEN
clinical site for pretravel health consultation between January 1, 2009 and December 31,
2014. Travelers born before 1957 were excluded because life-long natural measles immunity
is assumed in this age group and thus ACIP does not recommend MMR vaccination (5).

Data collection, assessment of measles immunity and vaccine eligibility, and clinical
management of the vaccine-eligible

During the pretravel consultation, travelers and providers used an online structured
questionnaire, as previously described (14),(16). Travelers entered information into the
structured questionnaire regarding their age, medical conditions, and travel itinerary (e.g.,
destination(s), reason for travel, and duration of travel). Providers confirmed the information
entered by the traveler, and then entered additional data about immunization history, health
advice provided, vaccines administered (including MMR), and medications prescribed
during the pretravel consultation.

Providers assessed travelers' measles immunity status during the pretravel health encounter
in accordance with their routine clinical practice. As such, self-reported immunization or
measles illness history may have been accepted. The structured questionnaire required
providers to characterize their assessment of measles immunity in one of four ways: (1) a
history of two MMR vaccinations, (2) a positive measles serology, (3) a prior measles
illness, or (4) “immune per provider judgment” (i.e. the provider considered the traveler
immune but did not indicate a specific reason).

Regardless of the time until departure, the structured questionnaire required providers to
consider MMR vaccination for all travelers not considered immune for one of the reasons
listed above and who had no medical contraindication to MMR vaccination (i.e. preghancy
or immunosuppression), as per ACIP guidelines (4, 5). In this analysis, we term these
travelers “MMR-eligible”. If providers did not vaccinate a MMR-eligible traveler, they were
required to select one of the following five explanations: (1) traveler refusal, (2) vaccination
not indicated for this patient/itinerary, (3) insufficient time for vaccination before departure,
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(4) vaccine unavailable at the clinic, or (5) referral to another provider for vaccination.
Before 2012, providers did not record a specific reason for traveler refusal of a
recommended MMR vaccine. Beginning in 2012, providers were required to select only one
of the following three reasons for why travelers refused vaccination: (1) traveler is
concerned about vaccine safety, (2) traveler is concerned about vaccine cost, or (3) traveler is
not concerned about the vaccine-preventable illness.

Statistical analyses

Results

We characterized adult travelers into two cohorts depending on their birth year (1957-89 and
>1990) because the recommendation to vaccinate all children aged =1 year routinely with
two doses of MMR vaccine began in 1989 (4, 5).

We grouped destination countries into six geographic regions, as defined by the World
Health Organization (WHO) in 2012: Americas, Africa, Eastern Mediterranean, Europe,
South-East Asia, and Western Pacific (17). Reasons for travel included business,
humanitarian service work, leisure, research/education, visiting friends and relatives (VFR),
and other (18). We defined VFR travelers according to the CDC definition: travelers to a
low- or low-middle-income country of their or their parents' birth who stated the reason for
travel was “traveling to region of origin of self or family to visit friends or relatives” or who
noted that they would stay with relatives during the itinerary (19). We dichotomized travel
duration into <14 days and =14 days (14 days being the median duration). We categorized
the location of GTEN clinic sites into the four U.S. census regions (i.e., Northeast, Midwest,
South, West). We dichotomized the type of clinic into academic centers (i.e., 14 sites that
were affiliated with university hospitals or medical schools) and nonacademic centers (i.e.,
10 sites that were primary care practices, pharmacies, and public health clinics). We grouped
reasons that were provided for not vaccinating the MMR-eligible into three categories:
traveler refusal (i.e., traveler declined because of lack of concern about measles or concerns
about vaccine safety or cost); provider decision (i.e., provider considered that the vaccine
was not indicated or provider reported that there was insufficient time to vaccinate before
travel); and health systems barriers (i.e., referral of the traveler to another provider for
vaccination or the vaccine was unavailable at the travel clinic).

Analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC). We
obtained summary statistics (proportions, means, medians and standard deviations) for the
demographic and travel-related characteristics, overall and within subgroups of travelers
with measles immunity, medical contraindication to vaccination, vaccine eligibility, and
nonvaccination among the MMR-eligible, in the four U.S. census regions.

Providers assessed 54,100 adult travelers at 24 GTEN sites (Figure 1). We excluded 13,290

travelers because they were born before 1957 and therefore were presumed to be immune to
measles infection. The distribution of sites and travelers from different U.S. census regions

is described in Supplementary Appendix Table Al.
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Of the 40,810 study participants, 22,987 (56%) were female (Table 1). The median age of
travelers was 33 years (interquartile range [IQR] 26-44); 35,035 (86%) were born between
1957 and 1989. Africa was the most common destination region with 14,471 (36%)
travelers, followed by 11,562 (28%) travelers to the Americas. Of all travelers, 20,507 (50%)
were planning travel for leisure; 3,208 (8%) were VFR travelers. The median duration of
travel was 14 days (IQR 10-24).

Providers deemed 34,092 travelers (84%) to be immune to measles based on their clinical
assessment. Of these, providers considered 24,884 (73%) to be immune because of a history
of receiving 2 MMR vaccinations, a positive measles serology (3,479; 10%), or a history of
measles illness (1,024, 3%); the remainder were considered immune per provider judgment
(5,985, 18%) (Figure 1). Among the 6,718 nonimmune travelers, 106 had a medical
contraindication to MMR vaccination. A total of 6,612 (16%) adult travelers were therefore
eligible for MMR vaccination at the pretravel consultation.

Providers were required to consider MMR vaccination for all international travelers. Of the
6,612 MMR-eligible travelers, 3,477 (53%) were not vaccinated at the pretravel encounter
(Figure 1). We observed variability in the proportion of MMR-eligible travelers who were
not vaccinated across GTEN sites. At three sites, providers considered no travelers to be
MMR-eligible. Of the MMR-eligible travelers evaluated at the remaining 21 sites, providers
vaccinated none of the MMR-eligible travelers (84 travelers, 1% of MMR-eligible) at two
sites, <10% of all MMR-eligible travelers (1,477 travelers, 22% of MMR-eligible) at three,
additional sites, and 10-50% of all MMR-eligible travelers (1,462, 22%) at 10 additional
sites. Providers vaccinated >50% of MMR-eligible travelers (3,563 travelers, 54% of MMR-
eligible) at only six sites.

We evaluated the demographic and travel-related characteristics of MMR-eligible travelers
who were vaccinated or not (Table 2). More than half (1,887 travelers, 54%) of the 3,477
MMR-eligible travelers who were not vaccinated were female; 401 (12%) were VFR
travelers. The majority of MMR-eligible travelers who were not vaccinated were seen at
GTEN sites in the South (2,265 travelers, 65%), and more were seen at non-academic
centers (1,777 travelers, 51%) than at academic centers (1,700 travelers, 49%).

Providers were required to provide a rationale when MMR vaccine was not administered to
those who were MMR-eligible (Figure 1). Of the 3,477 MMR-eligible travelers who were
not vaccinated, 1,689 (48%) were not vaccinated because of traveler refusal, 966 (28%) due
to provider decision, and 822 (24%) due to health systems barriers.

Beginning in 2012, providers assessed the reasons why travelers refused MMR vaccine
(Figure 1). Of the 958 travelers who refused MMR vaccine in 2012 or after, the most
frequent reason cited for refusal was that the traveler was “not concerned about illness” (711
travelers, 74%). We also assessed the reasons why providers did not offer MMR vaccine to
MMR-eligible travelers. Of the 966 travelers who were not vaccinated because of the
provider's decision, most were not vaccinated (911 travelers, 94%) because the provider
thought the MMR vaccine was not indicated; only 55 (6%) travelers were not vaccinated
because the provider thought there was insufficient time before travel. Of the 822 travelers
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who were not vaccinated due to health systems barriers, the predominant barrier was referral
to another provider for vaccination (812 travelers, 99%).

The majority of MMR-eligible travelers (51%) who were not vaccinated were evaluated at
nonacademic sites (Table 2), despite the fact that only 27% of all travelers were seen at
nonacademic sites (Table 1). Of the 1,777 MMR-eligible travelers evaluated at nonacademic
centers who were not vaccinated, 1,178 (66%) were not vaccinated due to traveler refusal.

We further examined the differences observed in MMR eligibility and vaccination among
GTEN sites in different U.S. census regions (Table 3; demographic data in Supplementary
Appendix Table 2). Providers at the eight clinical sites in the South evaluated 9,692 travelers
and considered 2,952 (30%) of these travelers to be MMR-eligible. Of the MMR-eligible
travelers in the South, 2,262 (77%) were not vaccinated with MMR, and the most common
reason stated for nonvaccination was traveler refusal (1,432 travelers, 63%). In contrast,
2,695 (17%) of the 15,477 travelers seen at the eight clinical sites in the Northeast were
considered eligible for MMR vaccination, and only 751 (28%) were not vaccinated. Provider
decision was the most common reason for failure to vaccinate an MMR-eligible traveler in
the Northeast (391 travelers, 52%).

Discussion

Routine assessment of measles immunity and vaccination with MMR before international
travel is an essential means to reduce measles importations into the United States (20, 21).
We evaluated the clinical practice of MMR vaccination in GTEN, the largest consortium of
clinical sites providing pretravel health care in the U.S. Providers concluded that 16% of
adults traveling internationally needed MMR vaccination at the time of their pretravel health
consultation, yet more than half (53%) of those individuals were not vaccinated at the
pretravel encounter. Our findings underscore that strategies are needed to improve provider
and traveler knowledge of measles as a travel-related illness and to increase pretravel uptake
of the MMR vaccine. Improving vaccination rates is particularly important for communities
with a higher percentage of nonimmune individuals, since there is a greater risk of
transmission events following an index case in these settings (10, 22, 23).

Nonvaccination was most commonly due to traveler refusal of MMR, with lack of concern
about measles cited as the most common reason. This is consistent with prior GTEN
analyses of vaccine uptake at pretravel encounters (24). Although clinics in the GTEN
consortium are not selected on the basis of vaccination coverage in specific communities,
traveler refusal was particularly predominant in clinical sites in the South, suggesting
geographic variability in the understanding of measles and the benefits of MMR vaccination
(18). Travelers were also more likely to refuse MMR vaccination after evaluation at
nonacademic centers than at academic centers; patients evaluated in the South were not more
likely to be seen at a nonacademic center. These findings support that providers may benefit
from additional training on how to discuss beliefs regarding measles vaccine and the realities
of clinical illness with measles, which vaccine-hesitant patients often minimize (25, 26).
Few travelers in this study expressed concerns about MMR vaccine safety or cost; providers
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should ask travelers explicitly about any safety or cost concerns, as travelers may not state
them directly (27).

Our findings also indicate that providers might benefit from education regarding pretravel
MMR vaccination. More than a quarter of all missed opportunities for vaccination were
because the provider did not recommend the MMR vaccine to eligible travelers. Providers at
nonacademic centers, in particular, were less likely to recommend MMR vaccination to
eligible travelers. This observation is consistent with previous work indicating that providers
deviate from ACIP and CDC recommendations for other travel-related vaccines (28, 29).

Health systems barriers played a role in 24% of missed opportunities for vaccination. In the
majority of instances, providers referred travelers to another provider, likely a primary care
provider, for MMR vaccination. Although some travelers may have obtained MMR
vaccination from a primary care provider before departure, attrition after referral may have
occurred in some travelers because an additional clinic visit is required. Referral to another
provider could be an attempt to ensure that records of vaccinations stay with primary care
providers, given that the Immunization Information Systems (I1S) are not in widespread use
(30). Alternatively, providers could refer patients in an attempt to reduce costs for travelers
because “travel-related” vaccinations are not uniformly covered by health insurance even if
they are covered as part of routine care. Given the serious public health implications of
undervaccination, strong consideration should be given to requiring insurers to cover MMR
vaccination regardless of the site of delivery.

With more than 30 million U.S. residents traveling internationally by air every year (31),
almost 5 million travelers could be at risk for measles infection when traveling abroad, if our
study's findings apply to the overall population of U.S. travelers. MMR vaccination for
nonimmune travelers could be a cost-effective strategy to reduce measles cases in the United
States given the low cost of vaccination (32), the vaccine's two-dose effectiveness of 97%
(6), and the low likelihood of vaccine-related adverse events (33), especially in the context
of the morbidity and costs associated with measles infection (34-36), secondary cases caused
by transmission (37, 38), and the expensive outbreak investigations required with any new
case of measles in the United States (37, 38). Further evaluation of the cost-effectiveness of
pretravel measles vaccination is warranted given the low probability of exposure during
travel but high impact of any imported measles cases.

Our study has limitations. While GTEN is the largest consortium of clinics providing
pretravel health care in the United States, clinical practice at GTEN sites may not be
representative of all pretravel health consultations and GTEN patients may not be
representative of all U.S. travelers. In particular, health-seeking behavior may be more
common among travelers who pursue a pretravel consultation; our study population may
therefore be more likely to be up-to-date on routine vaccines and to agree to recommended
vaccines than the general population of international travelers. GTEN providers assessed
measles immunity as it is commonly carried out in clinical practice, but their estimates may
be imprecise. For instance, GTEN providers at times relied on immunization histories
obtained by traveler recall and also allowed a history of measles illness and self-reported
vaccination to be considered adequate evidence of measles immunity. This is more lenient
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than current ACIP guidelines (4, 5), and overestimation of measles immunity may therefore
have occurred. However, an overestimation of measles immunity would result in even more
opportunities for MMR pretravel vaccination than our analysis suggests. Because our study
provides data only regarding actions taken at GTEN sites, we were not able to report the
percentage of travelers who were successfully vaccinated with MMR by another provider
prior to travel.

In conclusion, our results indicate that measles immunity could be increased among U.S.
international travelers. Increasing measles immunity in travelers should substantially reduce
the risk of measles importation and, by extension, decrease the number of new measles cases
seen due to transmission within the U.S. Strategies to improve traveler knowledge are
essential to these efforts and should include materials specifically designed for travelers who
express lack of concern about measles illness. Measles education strategies should also be
targeted to providers and focus on geographic regions with low uptake of MMR vaccination
for international travelers. Because MMR vaccination is recommended for all
immunocompetent and non-pregnant U.S. international travelers, primary care providers
could play an important role in efforts to improve measles immunity in travelers. For
instance, primary care providers could routinely ask patients about upcoming travel plans
and vaccinate those eligible for MMR. Further study of the role of primary care providers in
improving measles population immunity is warranted. In light of recent measles outbreaks
associated with travel, pretravel measles immunity screening for U.S. adults traveling
internationally and MMR vaccination for those eligible should be prioritized.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We appreciate the assistance of Mr. Ethan Borre with manuscript preparation. Members of the Global TravEpiNet
Consortium (in alphabetical order) are George M. Abraham, Saint Vincent Hospital (Worcester, MA); Salvador
Alvarez, Mayo Clinic (Jacksonville, FL); Vernon Ansdell and Johnnie A. Yates, Travel Medicine Clinic, Kaiser
Permanente (Honolulu, HI); Elisha H. Atkins, Chelsea HealthCare Center (Chelsea, MA); Holly K. Birich and
Dagmar Vitek, Salt Lake Valley Health Department (Salt Lake City, UT); John Cabhill, Travel and Immunization
Center, St. Luke's-Roosevelt (New York, NY); Lin Chen, Mount Auburn Hospital (Cambridge, MA); Bradley A.
Connor, New York Center for Travel and Tropical Medicine, Cornell University (New York, NY); Roberta
Dismukes, Jessica Fairley, Phyllis Kozarsky, and Henry Wu, Emory Travel Well, Emory University (Atlanta, GA);
Ronke Dosunmu, Journey Health (Maywood, NJ); Jeffrey A. Goad and Edith Mirzaian, International Travel
Medicine Clinic, University of Southern California (Los Angeles, CA); Brian Kendall, Daniel Leung, and DeVon
Hale, International Travel Clinic, University of Utah (Salt Lake City, UT); Noreen A. Hynes, John Hopkins Travel
and Tropical Medicine, Division of Infectious Diseases, John Hopkins School of Medicine (Baltimore, MD);
Frederique Jacquerioz and Susan McLellan, Tulane University (New Orleans, LA); Mark Knouse, Keystone Travel
Medicine, Lehigh Valley Health Network (Allentown, PA); Jennifer Lee, Northwestern Medical Group-Travel
Medicine, Northwestern Memorial Hospital (Chicago, IL); Alawode Oladele and Hanna Demeke, DeKalb County
Board of Health Travel Services-DeKalb North and Central-T.O. Vinson Centers (Decatur, GA); Alawode Oladele
and Althea Otuata, DeKalb County Board of Health Travel Services-DeKalb East (Decatur, GA); Roger Pasinski
and Amy E. Wheeler, Revere HealthCare Center (Revere, MA); Jessica Rosen and Laura Coster, Infectious
Diseases and Travel Medicine, Georgetown University (Washington, DC); Brian S. Schwartz, Travel Medicine and
Immunization Clinic, University of California (San Francisco, CA); William Stauffer and Patricia Walker, Health
Partners Travel Medicine Clinics (St. Paul, MN); and Joseph Vinetz, Travel Clinic, Division of Infectious Diseases,
Department of Medicine, University of California-San Diego School of Medicine (La Jolla, CA).

Funding Source: This work was supported by U.S. Centers for Disease Control and Prevention Grants
U19CI1000514 and U01CKO000175, by the National Institutes of Health (K01 HL123349) (EPH), and by the Steve

Ann Intern Med. Author manuscript; available in PMC 2018 March 30.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hyle et al. Page 9

and Deborah Gorlin MGH Research Scholars Award (RPW). The content is solely the responsibility of the authors
and the study's findings and conclusions do not necessarily represent the official position of the NIH or Centers for
Disease Control and Prevention.

Role of the Funding Source: This work was supported by U.S. Centers for Disease Control and Prevention (CDC)
Grants U19C1000514 and U01CKO000175, by the National Institutes of Health (K01 HL123349) (EPH), and by the
Steve and Deborah Gorlin MGH Research Scholars Award (RPW). The content is solely the authors' responsibility,
and the study's findings and conclusions do not necessarily represent the official position of the NIH or CDC.

References

1. Fiebelkorn, AP., Goodson, JL. Centers for Disease Control and Prevention; 2015. Measles (Rubeola)
[Internet]. updated 2015 Sep 10Available from: http://wwwnc.cdc.gov/travel/yellowbook/2016/
infectious-diseases-related-to-travel/measles-rubeola [cited 2016 Sept 26]

2. Clemmons NS, Gastanaduy PA, Fiebelkorn AP, Redd SB, Wallace GS. Measles - United States,
january 4-april 2, 2015. MMWR Morb Mortal WKkly Rep. 2015; 64(14):373-6. [PubMed:
25879894]

3. Papania MJ, Wallace GS, Rota PA, Icenogle JP, Fiebelkorn AP, Armstrong GL, et al. Elimination of
endemic measles, rubella, and congenital rubella syndrome from the Western hemisphere: the US
experience. JAMA Pediatr. 2014; 168(2):148-55. [PubMed: 24311021]

4. Centers for Disease Control and Prevention. Measles Prevention. MMWR Morb Mortal Suppl.
1989; 38(9):1-18. 1989.

5. McLean HQ, Fiebelkorn AP, Temte JL, Wallace GS. Prevention of measles, rubella, congenital
rubella syndrome, and mumps, 2013: summary recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm Rep. 2013; 62(RR-04):1-34.

6. Measles - United States, January 1-August 24, 2013. MMWR Morb Mortal Wkly Rep. 2013;
62(36):741-3. [PubMed: 24025755]

7. Global control and regional elimination of measles, 2000-2011. MMWR Morb Mortal Wkly Rep.
2013; 62(2):27-31. [PubMed: 23325353]

8. Jost M, Luzi D, Metzler S, Miran B, Mutsch M. Measles associated with international travel in the
region of the Americas, Australia and Europe, 2001-2013: a systematic review. Travel Med Infect
Dis. 2015; 13(1):10-8. [PubMed: 25468523]

9. Centers for Disease Control and Prevention. [cited 2 February 2017] Measles (for healthcare
professional). 2016. Available from: https://www.cdc.gov/measles/hcp/

10. Majumder MS, Cohn EL, Mekaru SR, Huston JE, Brownstein JS. Substandard vaccination
compliance and the 2015 measles outbreak. JAMA Pediatr. 2015; 169(5):494-5. [PubMed:
25774618]

11. Zipprich J, Winter K, Hacker J, Xia D, Watt J, Harriman K. Measles outbreak--California,
December 2014-February 2015. MMWR Morb Mortal Wkly Rep. 2015; 64(6):153—4. [PubMed:
25695321]

12. Gastanaduy PA, Redd SB, Fiebelkorn AP, Rota JS, Rota PA, Bellini WJ, et al. Measles - United
States, January 1-May 23, 2014. MMWR Morb Mortal Wkly Rep. 2014; 63(22):496-9. [PubMed:
24898167]

13. Gastafiaduy PA, Budd J, Fisher N, Redd SB, Fletcher J, Miller J, et al. A measles outbreak in an
underimmunized amish community in Ohio. N Engl J Med. 2016; 375(14):1343-54. [PubMed:
27705270]

14. LaRocque RC, Rao SR, Lee J, Ansdell V, Yates JA, Schwartz BS, et al. Global TravEpiNet: a
national consortium of clinics providing care to international travelers--analysis of demographic
characteristics, travel destinations, and pretravel healthcare of high-risk US international travelers,
2009-2011. Clin Infect Dis. 2012; 54(4):455-62. [PubMed: 22144534]

15. U.S. Census Bureau [Internet]. [cited 2016 Sept 26] Available at: http://www2.census.gov/geo/
pdfs/maps-data/maps/reference/us_regdiv.pdf

16. Global TravEpiNet. [cited 8 February 2017] Available from: gten.travel.

17. World Health Organization. [cited 2016 Sept 26] WHO regional offices. InternetAvailable from:
http://www.who.int/about/regions/en/index.html

Ann Intern Med. Author manuscript; available in PMC 2018 March 30.


http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/measles-rubeola
http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/measles-rubeola
http://https://www.cdc.gov/measles/hcp/
http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
http://www.who.int/about/regions/en/index.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hyle et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

Page 10

LaRocque RC, Deshpande BR, Rao SR, Brunette GW, Sotir MJ, Jentes ES, et al. Pre-travel health
care of immigrants returning home to visit friends and relatives. Am J Trop Med Hyg. 2013; 88(2):
376-80. [PubMed: 23149585]

Centers for Disease Control and Prevention. CDC Health Information for International Travel
2016. New York: Oxford University Press; 2016.

Rosario-Rosario G, Gareca M, Kincaid H, Knouse MC. Using locally derived seroprevalence data
on measles, mumps, rubella, and varicella by birth cohort to determine risks for vaccine-
preventable diseases during international travel. J Travel Med. 2015; 22(6):396-402. [PubMed:
26412393]

McQuillan GM, Kruszon-Moran D, Hyde TB, Forghani B, Bellini W, Dayan GH. Seroprevalence
of measles antibody in the US population, 1999-2004. J Infect Dis. 2007; 196(10):1459-64.
[PubMed: 18008224]

Liu F, Enanoria WT, Zipprich J, Blumberg S, Harriman K, Ackley SF, et al. The role of vaccination
coverage, individual behaviors, and the public health response in the control of measles epidemics:
an agent-based simulation for California. BMC Public Health. 2015; 15:447. [PubMed: 25928152]
Phadke VK, Bednarczyk RA, Salmon DA, Omer SB. Association between vaccine refusal and
vaccine-preventable diseases in the United States: a review of measles and pertussis. JAMA. 2016;
315(11):1149-58. [PubMed: 26978210]

Lammert SM, Rao SR, Jentes ES, Fairley JK, Erskine S, Walker AT, et al. Refusal of recommended
travel-related vaccines among U.S. international travellers in Global TravEpiNet. J Travel Med.
2016; 24(1)

Salmon DA, Dudley MZ, Glanz JM, Omer SB. Vaccine Hesitancy: Causes, Consequences, and a
Call to Action. Am J Prev Med. 2015; 49(6 Suppl 4):S391-8. [PubMed: 26337116]

Blaisdell LL, Gutheil C, Hootsmans NA, Han PK. Unknown risks: parental hesitation about
vaccination. Med Decis Making. 2016; 36(4):479-89. [PubMed: 26506958]

Jarrett C, Wilson R, O'Leary M, Eckersberger E, Larson HJ. Strategies for addressing vaccine
hesitancy - a systematic review. Vaccine. 2015; 33(34):4180-90. [PubMed: 25896377]

Stoney RJ, Jentes ES, Sotir MJ, Kozarsky P, Rao SR, Larocque RC, et al. Pre-travel preparation of
US travelers going abroad to provide humanitarian service, Global TravEpiNet 2009-2011. Am J
Trop Med Hyg. 2014; 90(3):553-9. [PubMed: 24445203]

Deshpande BR, Rao SR, Jentes ES, Hills SL, Fischer M, Gershman MD, et al. Use of Japanese
encephalitis vaccine in US travel medicine practices in Global TravEpiNet. Am J Trop Med Hyg.
2014; 91(4):694-8. [PubMed: 25070999]

Centers for Disease Control and Prevention. [cited 17 January 2017] Immunization Information
Systems (11S). 2017. Available from: https://www.cdc.gov/vaccines/programs/iis/resources-refs/
fag.html

National Travel and Tourism Office. [cited 8 February 2017] 2015. Available from: http://
travel.trade.gov/outreachpages/outbound.general_information.outbound_overview.asp

Centers for Disease Control and Prevention. CDC Vaccine Price List. Atlanta, GA: US Department
of Health and Human Services, CDC; 2013.

Sukumaran L, McNeil MM, Moro PL, Lewis PW, Winiecki SK, Shimabukuro TT. Adverse events
following measles, mumps, and rubella vaccine in adults reported to the vaccine adverse event
reporting system (VAERS), 2003-2013. Clin Infect Dis. 2015; 60(10):e58-65. [PubMed:
25637587]

Moss WJ, Griffin DE. Measles. Lancet. 2012; 379(9811):153-64. [PubMed: 21855993]
Fiebelkorn AP, Redd SB, Kuhar DT. Measles in healthcare facilities in the United States during the
postelimination era, 2001-2014. Clin Infect Dis. 2015; 61(4):615-8. [PubMed: 25979309]
Wendorf KA, Kay M, Ortega-Sanchez IR, Munn M, Duchin J. Cost of measles containment in an
ambulatory pediatric clinic. Pediatr Infect Dis J. 2015; 34(6):589-93. [PubMed: 25973936]
Coleman MS, Garbat-Welch L, Burke H, Weinberg M, Humbaugh K, Tindall A, et al. Direct costs
of a single case of refugee-imported measles in Kentucky. Vaccine. 2012; 30(2):317-21. [PubMed:
22085555]

Ann Intern Med. Author manuscript; available in PMC 2018 March 30.


http://https://www.cdc.gov/vaccines/programs/iis/resources-refs/faq.html
http://https://www.cdc.gov/vaccines/programs/iis/resources-refs/faq.html
http://travel.trade.gov/outreachpages/outbound.general_information.outbound_overview.asp
http://travel.trade.gov/outreachpages/outbound.general_information.outbound_overview.asp

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Hyle et al.

Page 11

38. Ortega-Sanchez IR, Vijayaraghavan M, Barskey AE, Wallace GS. The economic burden of sixteen
measles outbreaks on United States public health departments in 2011. Vaccine. 2014; 32(11):
1311-7. [PubMed: 24135574]

Ann Intern Med. Author manuscript; available in PMC 2018 March 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Hyle et al.

Page 12

Adults attending
24 GTEN Clinics
n=54,100

Born before 1957
n=13,290
Adults included
n=40,810

Preexisting immunity Medical contra-indication MMR-eligible
Nn=34,092 (84%) Nn=106 (0.3%) n=6,612 (16%)
[
h/o 2 MMR* h/o + measles h/o measles Immune per
serology* illness* provider judgment
n=24,884 n=3,479 n=1,024 n=5,985 (18%)
ASSESSMENT
ACTION
Not vaccinated Vaccinated
n=3,477 (53%) n=3,135 (47%)
Due to Due to Due to health

traveler refusal
n=1,689 (48%)

provider decision
n=966 (28%)

systems barriers
n=822 (24%)

—

—

Vaccine not Insufficient time Referred to Vaccine
indicated before travel another provider unavailable at clinic
for vaccination
n=911 (94%) n=55 (6%) n=812 (99%) n=10 (1%)
2009 - 2011 2012 - 2014
Traveler declined Not concerned Vaccine safety Vaccine cost
(general) about illness’ concerns® concerns’
n=731(100%) n=711 (74%) n=193 (20%) n=54 (6%)

Figure 1.
Assessment of adult travelers' measles immunity and action regarding MMR vaccination by

providers at 24 GTEN sites (2009-2014).

Abbreviations: MMR, measles-mumps-rubella; GTEN, Global TravEpiNet; h/o, history of.
*At least one specific reason supporting measles immunity was documented for 28,107
(82%) of these travelers (i.e., a history of two MMR vaccinations, a known positive
serology, or a self-reported history of illness). Providers were able to select more than one
supporting reason:1,017 (4%) travelers had 2 MMR vaccinations and a positive serology;
220 (0.8%) travelers had 2 MMR vaccinations and a self-reported history of illness; and 53
(0.2%) travelers had a positive serology and a self-reported history of illness.

TOf the 24,884 travelers for which providers noted two prior doses of MMR vaccine,
providers noted specific supporting evidence (i.e. a date) for prior vaccinations in 11,326
(46%).

*Between 2009 and 2012, providers did not have to specify reason for traveler refusal.
SBetween 2012 and 2014, providers had to select one of three reasons for traveler refusal.
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Table 1

Demographics and travel-related characteristics of adult travelers evaluated at GTEN clinics (2009-2014).

Characteristics All travelers (N=40,810) MMR-eligibletravelers(N=6,612)
Sex

Female 22,987 (56) 3,355 (51)

Male 17,823 (44) 3,257 (49)
Birth cohort

1957-1989 35,053 (86) 6,404 (97)

>=1990 5,757 (14) 208 (3)

Region of travel f

Africa 14,471 (35) 2,735 (41)
Americas 11,562 (28) 1,444 (22)
Eastern Mediterranean 2,156 (5) 432 (7)
Europe 2,025 (5) 399 (6)
South East Asia 10,090 (25) 1,655 (25)
Western Pacific 7,052 (17) 1,054 (16)

Reason for travel

Business 8,775 (22) 1,910 (29)
Humanitarian service work 3,180 (8) 253 (4)
Leisure 20,507 (50) 3,241 (49)
Other 4,935 (12) 722 (11)
Research/education 5,272 (13) 467 (7)
VFR 3,208 (8) 596 (9)
Duration of travel (days)

<14 17,014 (42)% 2,083 (45)%
214 23,766 (58)% 3,622 (55)%

GTEN clinic site ™

Northeast 15,477 (38) 2,695 (41)

Midwest 5,632 (14) 435 (7)

South 9,692 (24) 2,952 (45)

West 10,009 (25) 530 (8)
Type of clinic

Academic center 29,937 (73) 4,464 (68)

Nonacademic center 10,873 (27) 2,148 (32)

*
Percentages within a group might not sum to 100 given rounding.
7‘Not mutually exclusive groups.

fSampIe sizes do not equal the total due to missing values; 30 travelers had an unknown duration of travel, of whom 7 were MMR-eligible, 3 were
MMR-eligible travelers NOT vaccinated (all 3 of whom were travelers who declined MMR vaccination).

Abbreviations: GTEN, Global TravEpi Net; MMR, measles-mumps-rubella; VFR, visiting friend and relatives.
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Demographics and travel-related characteristics of adult MM R-eligible travelerswho

wer e vaccinated and not vaccinated with MMR

Characteristics

MMR-eligibletravelers, vaccinated (N=3,135)

MMR-eligibletravelers, NOT vaccinated (N=3,477)

Sex
Female
Male

Birth cohort
1957-1989
>=1990

Region of travel
Africa
Americas
Eastern Mediterranean
Europe
South East Asia

Western Pacific

Reason for travel?
Business
Humanitarian service work
Leisure
Other
Research/education
VFR
Duration of travel (days)
<14

214

GTEN clinic site ™
Northeast
Midwest
South
West

Type of clinic
Academic center

Nonacademic center

1,468 (47)
1,667 (53)

3,079 (98)
56 (2)

1,112 (35)
668 (21)
205 (7)
268 (9)
977 (31)
587 (19)

1,067 (34)
142 (5)
1,627 (52)
266 (8)
192 (6)
195 (6)

1,492 (48)5

1,639 (52)8

1,944 (62)
234 (7)
690 (22)
267 (9)

2,764 (88)
371 (12)

1,887 (54)
1,590 (46)

3,325 (96)
152 (4)

1,623 (47)
776 (22)
227 (7)
131 (4)
678 (19)
467 (13)

843 (24)
111 3)
1,614 (46)
456 (13)
275 (8)
401 (12)

1,491 (43)5

1,983 (57)8

751 (22)
201 (6)
2,262 (65)
263 (8)

1,700 (49)
1,777 (51)

*
Percentages within a group might not sum to 100 given rounding.

11‘Not mutually exclusive groups.

§Sample sizes do not equal the total due to missing values; 7 MMR-eligible travelers had an unknown duration of travel, of whom 3 were MMR-
eligible travelers NOT vaccinated.

Abbreviations: MMR, measles-mumps-rubella; VFR, visiting friend and relatives; GTEN, Global TravEpi Net.
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Action regarding MMR vaccinations among eligible adult travelers stratified by geographic region of GTEN

clinic.
U.S. Census Regions N (%)

Northeast Midwest South West
Adult travelers (n=40,810) (N=15,477) (N=5,632) (N=9,692) (N=10,009)
Preexisting measles immunity 12,743 (82) 5,187(92) 6,690 (69) 9,472 (95)
Medical contraindication 39 (0.3) 10(0.2) 50 (0.5) 7(0.1)
MMR-eligible 2,695 (17) 435 (8) 2,952 (30) 530 (5)
MMR-éeligibletravelers (n=6,612) (N=2,695) (N=435)  (N=2,952) (N=530)
Vaccinated 1,944 (72) 234 (54) 690 (23) 267 (50)
Not vaccinated 751 (28) 201 (46) 2,262 (77) 263 (50)
MMR-eligibletravelers, NOT vaccinated (n=3,477) (N=751) (N=201) (N=2,262) (N=263)
Traveler refusal 125 (17) 70 (35) 1,432 (63) 62 (24)
Provider decision 391 (52) 64 (32) 331 (15) 180 (68)
Health systems barriers 235 (31) 67 (33) 499 (22) 21 (8)

Abbreviations: MMR, measles-mumps-rubella; GTEN, Global TravEpi Net.

*
From 2009-11, providers did not have to specify a reason for traveler refusal.

7LFrom 2012-14, providers had to select one of three reasons for traveler refusal Figure Legends
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