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Abstract

Background: Studying the safety of travel vaccines poses challenges since recipients may be
traveling during the risk window for adverse events and the identification of a suitable comparison
group can also be difficult. The examination of traveler characteristics, travel vaccination patterns,
and health care utilization using electronic health record (EHR) data can inform the feasibility of
future travel vaccine safety studies.

Methods: We performed a retrospective cohort study of health plan members aged 9 months

and older who had a travel-related encounter or received a travel vaccine from 2009 to 2018.
Travel regions visited, travel duration, type of travel vaccine received (typhoid, yellow fever,
Japanese encephalitis, rabies, and cholera), and timing of vaccination date before departure date
were described. Sociodemographic information, clinical characteristics, and health care utilization
were compared between travelers who received travel vaccines and travelers who did not.

Results: A total of 1,026,822 unique travelers were identified; 612,795 travelers received
898,196 doses of travel vaccines. The most commonly administered travel vaccine was typhoid
vaccine and 77% of all travel vaccines were given more than one week prior to departure.
Compared with travelers without travel vaccines, travelers with travel vaccines were overall
similar but as a group were slightly younger, healthier, and had lower Hispanic representation.
Health care utilization dramatically decreased during travel. Outpatient visits decreased from
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294.8 visits per 10,000 person-days before travel to 24.2 visits per 10,000 person-days during
reported travel dates.

Conclusions: Through the EHR information from almost a million travelers, a departure date
and duration of travel were successfully captured for the majority of travelers with corresponding
health care utilization data. Time after vaccination and prior to departure can potentially be used
to compare travelers who receive travel vaccines with travelers who do not receive travel vaccines
when looking at adverse events of interest after vaccination.
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Background:

Prior to the COVID-19 pandemic, the number of travelers every year departing the United
States (US) for international destinations had increased annually. Over 87 million US
citizens traveled to international destinations in 2017, compared to just over 40 million

US citizens in 2007.1 At a pre-travel health consultation, recommendations often include
vaccines on the routine adult and child / adolescent immunization schedules, as well as
travel-specific vaccines against typhoid fever, yellow fever, Japanese encephalitis, rabies,
and cholera.? Travel vaccines have been an area of robust development over the last decade,
addressing diseases endemic in countries outside the US. There have been changes in
schedules, such as the accelerated dosing of Japanese encephalitis vaccine with 2 doses one
week apart in adults aged 19 to 64 years old and a new 2-dose rabies vaccine pre-exposure
prophylaxis schedule completed in one week without requiring a third dose 21 to 28

days after the first dose, both allowing more people to complete the vaccination series
before departure. New products have also been introduced to the US market, including the
Yellow Fever Vaccine Live (Stamaril®) and Cholera Vaccine Live Oral (CVD 103-HgR,
Vaxchora®).3~" However, compared to vaccines on the routine adult and child / adolescent
immunization schedules, there have been fewer large observational safety studies performed
on travel vaccines.8-11

Studying the safety of travel vaccines poses specific challenges since recipients may

be traveling during the risk window of adverse events of interest, leading to under-
ascertainment of medically attended adverse events.12 Consideration must also be given

to the selection of an appropriate comparator group. A review of travelers seen at the travel
clinics in the Global TravEpiNet Consortium between 2009 and 2015 found that 16% of
their travelers were considered last minute travelers departing within 7 days but there was
variability depending on the type of travel.13-15 Additionally, the travel encounter may have
the potential of coadministration of more vaccines than at other health encounters. This
encounter can be an opportunity for catch up of routine vaccines, especially for healthy
persons who may not otherwise visit a doctor.18:17 Adults may also be vaccinated against
location-specific diseases such as measles, hepatitis A and meningococcal meningitis,
especially if they did not receive their full vaccination series as children.18
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Prior assessments of the safety of travel vaccines involved only limited studies done looking
at electronic data extraction of traveler health information. Past studies were done mainly

to either enhance public health surveillance or study the timing of vaccination prior to
departure to identify opportunities for increased vaccination rates.19-20 The extraction of data
from pre-travel patient visits from electronic health records (EHR) offers the opportunity to
understand baseline characteristics of travelers.

To this end, we conducted a descriptive study of traveler characteristics, travel vaccination
patterns, and health care utilization before and after travel using EHR data from several
US health care systems. This analysis can help inform the feasibility of conducting large,
multi-site observational safety studies of travel vaccines using EHR.

Study Setting

We performed a retrospective cohort study within six health care organizations participating
in the Vaccine Safety Datalink (VSD) Project?! (Kaiser Permanente: Southern California,
Northern California, Northwest, Washington, and Colorado; HealthPartners) that provide
travel medicine services. The VSD is a collaborative project between the Centers for
Disease Control and Prevention’s Immunization Safety Office and nine integrated health
care systems representing approximately 3.6% of the US population. Each participating site
creates standardized data sets with information on demographic characteristics, membership
enrollment, vaccination history, and medical encounters in the outpatient, emergency
department, and inpatient setting. The Institutional Review Board at each study site
approved the study and determined that informed consent was not required given the data-
only retrospective research activities.

Study population

The study included health plan members aged 9 months and older who had a travel-related
encounter or received a travel vaccine of interest during 2009-2018. Individuals were
required to have at least 6 months of continuous membership (allowing a 31-day gap) prior
to a travel-related encounter or vaccination. Nine months of age was chosen for inclusion
criteria as that is the minimum recommended age for yellow fever vaccine, while the other
vaccines have older minimum or typical ages of vaccination.

Identification of travel encounters/episodes

Travel-related encounters were identified by clinician diagnosis codes related to travel (e.g.,
travel counseling, travel immunization counseling), reason for visit listed as travel (e.g.,
travel medication and immunization), a visit in an identified travel medicine department/
clinic, or other site-specific methods (e.g., pre-travel questionnaire). Office, telephone, and
email encounters were captured, and persons may have had multiple encounters for one
trip. Encounters related to each trip were consolidated into discrete episodes such that
travel-related encounters within 60 days of each other were defined as one episode of care.
The first encounter with traveler information was defined as the index date for the episode.
Multiple travel episodes per traveler were allowed during the study period.
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Identification of travel information

The trip itinerary was typically recorded as structured text in the EHR during a pre-travel
consultation encounter, although the patterns and keywords varied across sites and over the
years of the study. We first identified text patterns and keywords in the clinic notes by
reviewing a sample of travel encounter charts. Then, information about the nature of the
travel including countries/regions visited, departure date, and length of travel was retrieved
from structured text using the SAS Perl regular expression functions.2

Travel vaccines of interest

Analysis

Vaccines against typhoid fever (both injectable and oral), yellow fever, Japanese
encephalitis, rabies and cholera were chosen as they were not part of the routine
child/adolescent or adult immunization schedules and were only rarely indicated for
non-travel purposes such as immunization of laboratory workers. Rabies vaccine could

also be indicated for non-travel exposures such as veterinary occupation, so only rabies
immunizations within 60 days of a travel encounter were included in the analysis. All
injectable vaccines were identified by CVX codes and oral typhoid vaccine was identified
by NDC codes. Travelers who received at least one of these travel vaccines were considered
vaccinated travelers; others who had travel-related encounters but did not receive any of
these travel vaccines were considered unvaccinated travelers.

The number of travel episodes and uptake of travel vaccines among the VSD population by
year were plotted. Travel episodes were assessed for the availability of travel information.
Among those with any travel information, the distributions of travel regions, travel duration,
type of travel vaccine received, and timing of vaccination date before travel departure date
were described.

Sociodemographic and clinical characteristics including age, sex, VSD site, socioeconomic
status (e.g., neighborhood median household income and education, Medicaid status),
Charlson comorbidity score and health care utilization (e.g., number of outpatient visits,
emergency department [ED] visits, and hospitalizations) in the 12 months prior to index
date, concomitant vaccination (any vaccine administered concomitantly, yes or no), season
(northern hemisphere) of travel, time interval between index date and travel departure

date, and travel regions were summarized by frequency and percentage, and compared
using Chi-square tests between vaccinated and unvaccinated travelers. Absolute standardized
differences (ASD) were calculated to assess the difference of covariate distribution. ASD
<0.1 was considered a negligible difference. For travelers who received travel vaccine, the
index date was the vaccination injection/dispense date. For travelers who did not receive
any travel vaccines after a travel counseling visit, the index date was the date of the travel
counseling visit.

Health care utilization (calculated as encounter rate per 10,000 person-days) after the index
date (before, during, and after travel) was assessed overall, by setting (outpatient, ED, and
inpatient), as well as whether the encounter occurred inside or outside the health plan. All
analyses were conducted using SAS EG version 9.4 (SAS Institute, Cary, NC).
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A total of 1,026,822 unique travelers were identified either through travel encounters, receipt
of a travel vaccine, or both (Figure 1). The mean age of the study population was 42

years, the majority were female (56%), and 42% of the cohort were non-Hispanic white.
Among them, 989,416 travelers identified by travel encounters contributed 1,558,776 travel
episodes; 31% of travelers had 2 or more travel episodes during the study period; 75%

of travel episodes had travel information; and 44% of travel episodes had a travel vaccine
within 60 days after a travel encounter. A total of 612,795 travelers received 898,196 doses
of travel vaccines during the study period; 92% of vaccines were administered within 60
days after a travel encounter.

Both the number of travel episodes and travel vaccinations increased during the study period
(Figure 2). From 2009 through 2018, the number of travel episodes and travel vaccinations
increased 87% and 58%, respectively. Among travel episodes with travel information,

the two most commonly visited regions were Asia/Pacific islands (45%) and South/Latin
America (31%) (Figure 3). Almost half of all trips were less than 2 weeks in duration and a
third of trips were 15-30 days in duration. The most commonly administered travel vaccine
was typhoid vaccine (55% injectable and 26% oral). Around 23% of travel vaccinations
were given within one week prior to travel departure and 47% of vaccines were given
between 8-30 days prior to travel departure.

Characteristics of vaccinated and unvaccinated travelers are presented in Table 1 and
Supplementary Table 1. Compared with unvaccinated travelers, vaccinated travelers were
as a group slightly younger, healthier (lower Charlson comorbidity scores, fewer inpatient
visits), and had lower Hispanic representation. More than half of travelers lived in an

area with median household income $80,000 and above. The distributions of neighborhood
median household income and education were similar between travelers with and without
travel vaccination. Summer (June—August) was the season with the most travel encounters/
vaccinations, although the seasonal variation was not strong. The time between index date
and departure date was longer for travelers who received Japanese encephalitis vaccine

or rabies vaccine than for travelers without travel vaccination. Approximately 20% of
unvaccinated travelers and 24% of travelers vaccinated with injectable typhoid vaccine
were last minute travelers departing within 7 days of their travel encounter/vaccination
date. Travel regions were highly associated with the type of travel vaccines received.
Travelers vaccinated with yellow fever vaccine more commonly visited Africa, while
travelers with Japanese encephalitis vaccine more commonly visited Asia/Pacific Islands.
Among injectable travel vaccines, around 70% of travel vaccines were co-administered with
other vaccines, whether travel-specific or routine.

Overall health care utilization dramatically decreased during travel (Table 2, Supplementary
Figure 1). Outpatient visits decreased from 294.8 visits per 10,000 person-days before travel
to 24.2 visits per 10,000 person-days during reported travel dates. Inpatient visits had the
smallest change, decreasing from 1.0 visits per 10,000 person-days before travel to 0.7 visits
per 10,000 person-days during reported travel dates. Inpatient visits occurring outside the
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health plan (captured via claims) increased from 0.1 visits per 10,000 person-days before
travel to 0.4 visits per 10,000 person-days during reported travel dates.

Discussion:

Given the large number of travelers and travel vaccines administered within the VSD sites
studied, this population can provide significant information on the assessment of safety
outcomes for travel vaccines. Traveler information, including departure date, travel location,
and travel duration, was successfully extracted from the EHR for the majority of travelers
through the retrieval of structured clinic notes. A risk window for vaccine adverse events of
interest between vaccination and travel departure can be established and person-time can be
calculated when looking at event rates prior to departure. This could potentially avoid the
underestimation of event rates that would occur using a fixed risk window if the adverse
event risk window and the travel period were to overlap. The large drop in overall utilization
rates after reported departure dates suggests that an accurate departure date is being captured
from the EHR for the majority of travelers. Likewise, overall inpatient utilization decreased
during the reported travel period, but there was a small increase in inpatient utilization
occurring outside the health plan which suggests at least partial capture of serious health
events while traveling through retrieval of outside claims data.

The ability to capture unvaccinated travelers as the comparator group helps minimize bias by
using similar person-time while accessible to care. This group was similar overall to those
travelers who received travel vaccines, although there was a higher proportion of those over
65 years of age who did not receive travel vaccines when compared to the younger age
groups. This might be partially explained by travel destination and historical receipt of travel
vaccines.

The majority of travel vaccines were given more than 7 days before departure, allowing
significant follow-up time for adverse events with access to care. Similar to data from

the Global TravEpiNet Consortium, 16% of travelers in this cohort with departure date
information were last minute travelers departing within 7 days of their travel encounter,
while approximately 66% contacted the travel clinic 2 weeks or more in advance of their trip
(Supplementary Table 2).

This study was also able to provide information on the appropriateness of vaccination

or lack of vaccination, based on vaccination criteria for some travel vaccines.23 Only 92
persons received cholera vaccine which has a very limited indication for use, mainly in relief
workers deployed to an active outbreak zone. Interestingly, over 70 % of persons who did
not receive typhoid vaccine could be explained by one of the following reasons: receipt of
historical dose of vaccine, too young to receive vaccine, not going to high risk area, or had
travel encounter within 14 days prior to departure.

The VSD represents approximately 3.6% of the US population and is geographically

and ethnically diverse.2425 Certain groups, such as Asians and Hispanics, have a larger
representation in the VSD than the US as a whole. Within our cohort of travelers, persons
identified as Asian were over-represented while persons identified as Hispanic were under-
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represented compared to the total VSD population. This could represent the true volume of
travel or usage of the travel clinics, which is influenced by awareness of travel clinic services
availability, type of travel, and perceived need of pre-travel medical evaluation.28

There were several limitations uncovered by the study including the lack of traveler-specific
information for 25% of persons with a travel episode. The absence of travel information may
be due to travel episodes identified by encounters with limited information or information
recorded as unstructured free text. Travel vaccines given outside the health plan and
retrieved through immunization information systems would likely not be associated with a
travel episode; furthermore, only 8% of travel vaccinations were not associated with a travel
episode. Low risk trips, for which persons did not have a travel encounter or receive a travel
vaccine, would also not be captured and would likely be underrepresented. In a study of
international travelers embarking from Boston Logan International Airport, 46% of travelers
to low or low-middle income countries did not pursue pre-travel health information of any
type. Less than a third of those that did seek advice visited a travel medicine specialist.1
However, in the VSD, members of the health plans have travel medicine coverage, as well
as travel vaccine coverage without additional charge in the California locations. One benefit
to using the EHR of VVSD sites is that the barrier to travel medicine services is low, leading
to high patient volumes and comprehensive data within the EHR of these integrated health
care systems. This study only evaluated travel-specific vaccines and not vaccines commonly
given for travel but also on the routine adult and child/adolescent immunization schedules
for other indications such as hepatitis A vaccine, measles vaccine, meningitis vaccine, and
influenza vaccine.2”-28 The results of this study might not be applicable to other vaccines
given for travel not included in this study. New travel vaccines, including Ebola Zaire
Vaccine Live (rVSVAG-ZEBOV-GP, Ervebo), Tick-Borne Encephalitis Vaccine (Tikovac®),
and Dengue Tetravalent Vaccine, Live (Dengvaxia®), have received recent FDA approval
and the methods used in this study may be applied to the study of these and other new travel
vaccines in the future.29-31

Conclusion:

In this large cohort of almost a million travelers, an accurate departure date and duration of
travel was successfully captured for the majority of travelers with matching corresponding
health care utilization data. Time after vaccination and prior to departure can potentially be
used to compare vaccinated travelers with unvaccinated travelers when looking at adverse
events of interest after vaccination. Studies of the safety of travel vaccines may be facilitated
through the use of data from the EHR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study cohort diagram

1 Rabies vaccines within 60 days after a travel encounter were included

2 Had a travel vaccine within 60 days after a travel encounter

Travel information consists of information on countries/regions visited, departure date, or
length of travel

The total number of unique travelers N=1026822
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Figure 2.
Number of travel episodes and travel vaccinations by year
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Figure 3.
Travel regions, travel duration, type of travel vaccine, and timing of vaccination date before

departure date among those who received a travel vaccine or had a travel encounter.
Among travel episodes, 29% of travel episodes were missing travel regions, and 34% of

travel episodes were missing travel duration. Among travel vaccinations, 14% were missing
travel departure date.
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