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to minimize the risk of an adverse outcome related to air travel
Dear Editor
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pre-travel health care utilization, and financial and cultural
barriers.3 While abroad, VFRs tend to stay with family
members and may quickly re-adopt local lifestyle practices—
for example, they may live in crowded conditions, sleep
without window screens, and consume untreated water and
uncooked food.7
Given these high travel-related health risks, VFRs
may benefit from pre-travel consultation. However, only
approximately 31.4% of VFRs (compared with 60.9% of tourist
travelers) seek pre-travel advice.8 Furthermore, information
on pre-travel assessment of VFRs is limited. This study aimed
to characterize VFRs and non-VFRs who sought pre-travel
consultation at a local travel clinic and describe the VFRs’
travel patterns and adherence to pre-travel recommendations.
For those VFRs who sought pre-travel health care, this study
compared adherence with recommended vaccines between
VFRs and non-VFRs. This study aimed to assess these
measures, as past studies on VFRs suggested this population
may be at higher risk of travel-related infection due to longer
durations of stay and lower adherence with pre-travel medical
advice.10
Methods
Pre-travel Health Care
A retrospective cohort study of all patients (VFRs and nonVFRs) who received pre-travel health care at the Mayo Clinic
Travel and Tropical Medicine Clinic (TTMC) from January
1, 2012, through December 31, 2013 was conducted. The
Mayo TTMC is the largest travel clinic serving residents of
Olmsted County, Minnesota. Consultations there include an
assessment of the following four primary topics: vaccines,
malaria, diarrhea, and safety. Based on the patient’s travel
itinerary and medical and immunization history, the travel
medicine provider assesses the risk for vaccine-preventable
illness, mosquito-transmitted illnesses (particularly malaria),
traveler’s diarrhea, and environmental and safety hazards.
Counseling is provided regarding risks and benefits of
recommended routines and travel-related vaccines, rabies
post-exposure prevention after animal bites, mosquito
avoidance measures, malaria chemoprophylaxis, food and
water precautions, and self-management of traveler’s diarrhea
with an antidiarrheal and antibiotic. Recommendations for
vaccines and preventive travel-related medications (e.g.,
malaria chemoprophylaxis and an antibiotic for self-treatment
of traveler’s diarrhea) are provided in accordance with CDC
guidelines.11
Data Collection and Measures
All children and adults who sought pre-travel consultation
at the Mayo TTMC from January 1, 2012 through December
31, 2013 met the inclusion criteria for this study. The pretravel consultation at the Mayo TTMC is standardized, and
all patients seeking pre-travel consultation are provided a
questionnaire that asks about the purpose of travel. Visiting
friends and relatives is listed as one of the reasons for travel
on the questionnaire. Those who selected “Visiting Friends
and Relatives” were included in the VFR cohort. VFRs were
defined as immigrants and refugees who returned to their
countries of origin to visit their friends and relatives.3 Patients
were excluded if they did not have a Minnesota Research
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Authorization, which authorized the review of medical
records for study purposes.
The following data was abstracted from the electronic
health records of all TTMC patients: demographics (age,
gender, race/ethnicity, VFR status, and insurance type);
travel characteristics (time from travel clinic visit to date of
departure, destination, and duration of travel); immunizations;
and anti-malarial and antibiotic prescriptions. Place of travel
was categorized into 5 groups: (1) Africa, (2) Asia,( 3) Latin
America, Europe, the Caribbean, or Australia, (4) Middle
East, and (5) missing data or unknown. These categories were
not mutually exclusive, because travelers could list multiple
countries. Dates were obtained by reviewing pre-travel
consultation clinical notes, which are based on the patient’s
responses to the standardized questionnaire provided prior
to the appointment. During the pre-travel consultation, the
health care provider elicits and documents any additional
travel-related information as needed.
Recommendations for and completion of travel-related
vaccines (hepatitis A, hepatitis B, Japanese encephalitis, rabies,
typhoid, and yellow fever) and routine vaccines (human
papillomavirus, influenza, measles-mumps-rubella [MMR],
meningococcus, pneumococcus, polio, tetanus-diphtheriapertussis, and zoster) were recorded in the immunization
module within the electronic medical record as administered,
declined, or deferred (with rationale for deferral). Vaccine
recommendations were based on the patient’s travel itinerary
and medical and immunization history, following current
CDC guidelines.11
At the Mayo TTMC, serologic testing is often performed
when travelers report a potential history of vaccination or
infection for hepatitis A, hepatitis B, MMR, or varicella,
especially if the traveler is deemed to be at high risk of
acquiring any of these infections during travel. If serologic
testing is negative (i.e., no serologic evidence of immunity),
then patients are advised to undergo vaccination; if serologic
testing is positive (i.e., serologic evidence of immunity is
present), patients are considered to have completed the
specific vaccination recommendations.
Vaccine completion was defined as receipt (with
documentation) or confirmed positive serology of the
recommended vaccine (influenza, MMR, meningococcus,
pneumococcus, polio, typhoid, varicella, zoster, yellow fever)
or completion of the entire multi-dose series (hepatitis A,
hepatitis B, human papillomavirus, Japanese encephalitis, and
rabies). If the vaccine series was only partially completed, it
was categorized as a partial or incomplete vaccination. For
children, polio vaccine completion was defined as completion
of the series; for adults, polio vaccination was considered
complete with receipt of one booster injection, when
indicated. If a patient refused a recommended vaccine or did
not have adequate time to complete a recommended vaccine
series, it was considered an incomplete vaccine. Only vaccines
that were recommended on the basis of the traveler’s specific
itinerary or risks (as determined by the health care provider)
were included in the analysis of completed vaccines.
Preventive medication prescriptions included malaria
chemoprophylaxis (atovaquone-proguanil, chloroquine,
doxycycline, and mefloquine) and antibiotics (azithromycin,
ciprofloxacin, and levofloxacin) for presumptive treatment of
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traveler’s diarrhea.

Table 1. Traveler Characteristics (N=2073)

Data Analysis and Modeling
All data analyzed during this study is included in this published
article. Demographic and travel data were categorized and
summarized as frequencies and percentages. Completed
vaccinations were summarized by number and percentage. The
χ2 test was used to assess differences in demographics, travel
characteristics, vaccinations, and antimalarial and antibiotic
prescriptions between VFRs and non-VFRs. Multivariable
analysis with logistic regression was used to adjust for factors
that were significant with univariate analysis. Results of the
logistic regression models are presented as odds ratios (OR)
and 95% confidence intervals (CIs). Statistical significance
was defined as P ≤ 0.05. All analyses were performed using
SAS version 9.4 (SAS Institute Inc.).
Results
In total, 393 (19.0%) VFRs and 1,680 (81.0%) non-VFRs
who were seen in the TTMC during the study period were
identified (Table 1). Among VFRs, slightly more were female
(n=206 [52.4%]), but for non-VFRs, the numbers of females
(n=855 [50.9%]) and males (n = 825 [49.1%]) were similar.
Significantly more VFRs than non-VFRs were in the age range
of 0-20 years (101 [25.7%] vs 185 [11.0%]; P < 0.001). Only 54
(13.7%) VFRs were white, whereas 1,487 (88.5%) of non-VFRs
were white (P < 0.001). A greater proportion of VFRs required
interpreters during their clinic visits compared with nonVFRs (75 [19.1%] vs 8 [0.5%]; P < 0.001). More VFRs were
covered by government insurance (e.g., Medicaid) compared
with non-VFRs (109 [27.7%] vs 18 [1.1%]; P < 0.001).
Whereas most non-VFRs traveled to Latin America,
Europe, the Caribbean, or Australia (10.7% VFR vs 51.6%
non-VFR), more VFRs traveled to Africa (46.8% VFR vs
29.5% non-VFR), Asia (39.2% VFR vs 30.1% non-VFR), and
the Middle East (10.7% VFR vs 6.1% non-VFR) (P ≤ 0.001 for
all). VFRs planned longer durations of travel: 202 (51.4%)
VFRs planned to travel for greater than four weeks compared
with 345 (20.5%) non-VFRs (P < 0.001). More VFRs than
non-VFRs were seen within one week of their travel date
(92/390 [23.6%] vs 144/1,676 [8.6%]; P < 0.001).
Compared with non-VFRs, VFRs had significantly
lower rates of completion (P < 0.05 for all) for numerous
vaccinations (presented as VFR vs non-VFR, respectively):
tetanus (80.8% vs 91.1%); polio (86.1% vs 92.9%); rabies
(12.3% vs 27.3%); and zoster (26.3% vs 69.1%) (Table 2).
VFRs had a higher rate of completion for MMR vaccination
(87.1% vs 67.8%; P = 0.01). Rates of vaccine completion were
low for both groups for hepatitis A, hepatitis B, Japanese
encephalitis, and rabies (40.6%, 30.0%, 26.3%, and 12.3%
vs 45.0%, 33.1%, 36.1%, and 27.3%, for VFR and non-VFR,
respectively). In contrast, completion rates for typhoid fever
and yellow fever vaccinations were similarly high in both
groups (92.6% and 84.3% vs 91.1% and 76.7%, for VFR and
non-VFR, respectively).
VFRs were less likely to complete the recommended
tetanus, polio, and rabies vaccinations (Table 3). Although
the difference was not significant for the MMR vaccine,
VFRs were more likely to complete it when recommended.
After adjusting for age, sex, insurance type, and duration of

VFRa
(n = 393)

Non-VFR
(n = 1680)

0-20

101 (25.7)

185 (11.0)

>20-40

113 (28.8)

454 (27.0)

>40-60

111 (28.2)

555 (33.0)

>60

68 (17.3)

486 (28.9)

187 (47.6)

825 (49.1)

White

54 (13.7)

1487 (88.5)

Black

136 (34.6)

33 (2.0)

Asian

113 (28.8)

62 (3.7)

8 (2.0)

32 (1.9)

82 (20.9)

66 (3.9)

75 (19.1)

8 (0.5)

238 (60.6)

1325 (78.9)

Medicare

33 (8.4)

276 (16.4)

Medicaid

109 (27.7)

18 (1.1)

13 (3.3)

61 (3.6)

8 (2.0)

292 (17.4)

>1-4

183 (46.6)

1043 (62.1)

>4-12

116 (29.5)

126 (7.5)

>12

67 (17.0)

92 (5.5)

Unknown

19 (4.8)

127 (7.6)

Characteristic
Age, y, No. (%)

Male sex, No. (%)

<0.001

Race/ethnicity, No. (%)

Hispanic
Other/unknown
Used an interpreter, No. (%)

Other

<0.001
<0.001

Duration of travel, wk, No. (%)
≤1

0.59
<0.001

Insurance, No. (%)
Private

P Value

<0.001

Time from travel clinic visit to
date of departure, wk, No. (%)b

<0.001

≤1

92 (23.6)

144 (8.6)

>1-4

190 (48.7)

533 (31.8)

>4-12

76 (19.5)

630 (37.6)

>12

18 (4.6)

237 (14.1)

14 (3.6)

132 (7.9)

Africa

184 (46.8)

495 (29.5)

<0.001

Asia

154 (39.2)

505 (30.1)

<0.001

Latin America, Europe, Caribbean,
Australia

42 (10.7)

866 (51.5)

<0.001

Middle East

42 (10.7)

103 (6.1)

0.001

2 (0.5)

5 (0.3)

0.52

Unknown
Place of travel,c No. (%)

Missing data or unknown

Abbreviation: VFR, visit friends and relatives.
a
VFRs were defined as immigrants and refugees who were returning to
their countries of origin to visit friends and relatives.
b
Percentages were calculated using the following denominators: VFR, n
= 390; non-VFR, n = 1676.
c
Places of travel were not mutually exclusive. χ2 comparisons of the
proportion visiting and not visiting friends and relatives were compared
for each place of travel.

travel, VFRs remained less likely to complete tetanus and
polio vaccines and more likely to complete MMR vaccines,
but these associations were not statistically significant.
However, VFRs remained significantly less likely to complete
the rabies vaccinations (OR, 0.31 [95% CI, 0.13-0.77]), even
after adjusting for age, sex, insurance type, and duration of
travel. Travelers departing more than four weeks after their
pre-travel clinic visit had higher odds of completing the rabies
vaccine series than those seen fewer than four weeks before
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Table 2. Comparison of Pre-travel Vaccination Rates Among VFR and Non-VFR Travelers
VFR (n = 393)

Non-VFR (n = 1680)
Received Vaccine or Had
Positive Serology, No. (%)a

P Value

406

370 (91.1)

0.006

283

263 (92.9)

0.04

40

20 (50.0)

0.20

428

323 (75.5)

0.65

59

40 (67.8)

0.01

124

108 (87.1)

0.17

77

63 (81.8)

0.87

22 (71.0)

18

15 (83.3)

0.33

19

5 (26.3)

110

76 (69.1)

<0.001

Hepatitis A

143

58 (40.6)

814

366 (45.0)

0.33

Hepatitis B

40

12 (30.0)

251

83 (33.1)

0.70

Japanese encephalitis

19

5 (26.3)

61

22 (36.1)

0.43

Rabies

81

10 (12.3)

242

66 (27.3)

0.006

Typhoidd

311

288 (92.6)

1,192

1,086 (91.1)

0.40

Yellow fever

89

75 (84.3)

326

250 (76.7)

0.12

No vaccine recommended

21

21 (100.0)

114

112 (98.2)

0.54

Vaccine

Vaccine
Recommended, No.

Received Vaccine or Had
Positive Serology, No. (%)a

Tetanusb

78

63 (80.8)

Polioc

101

87 (86.1)

HPV

5

4 (80.0)

Influenza

107

83 (77.6)

MMR

62

54 (87.1)

Meningococcus

63

59 (93.7)

Pneumococcus

15

12 (80.0)

Varicella

31

Zoster

Vaccine
Recommended, No.

Routine Vaccines

Travel Vaccines

Abbreviations: HPV, human papillomavirus; MMR, measles-mumps-rubella; VFR, visiting friends and relatives.
a
Only those who were recommended to have each vaccine were included in the comparisons. All patients who completed a vaccine series or had positive
serology testing were included.
b
Tetanus vaccines included the following: 1) DTP (diphtheria, tetanus, and pertussis); 2) Td (tetanus and diphtheria); and 3) Tdap (tetanus, diphtheria, and
pertussis).
c
Polio vaccine refers to the injectable polio virus vaccine.
d
Typhoid vaccine includes both oral and injectable forms.

departure (OR, 2.61 [95% CI, 1.38-4.93]).
The most common reasons stated for incomplete
vaccinations included a perceived low risk of illness (n = 10),
insufficient time before departure (n = 23), fear of adverse
effects (n = 5), uncertainty regarding vaccination history
(n = 3), and preference to defer vaccination (n = 4). Given
the low numbers of documented reasons, no statistical
comparisons between VFRs and non-VFRs could be made.
A high number of VFRs (363 [92.4%]) and non-VFRs (1,560
[92.9%]) were given antimalarial prescriptions. Significantly
more antidiarrheal prescriptions were given to VFRs (233
[59.3%]) compared with non-VFRs (841 [50.1%]) (P < 0.001).
Discussion
This study identified several important demographic, travel,
and vaccination differences between VFR and non-VFR
travelers. Compared with non-VFRs, more VFRs at the travel
clinic were young, nonwhite, used interpreters, traveled
to Africa and Asia, and traveled for longer durations. Both
traveler groups had low vaccine completion rates for hepatitis
A, hepatitis B, Japanese encephalitis, and rabies. VFRs were
significantly less likely to complete rabies vaccinations than
non-VFRs.
The findings highlight several features of VFRs that should
prompt changes in pre-travel counseling. Because the study
included many younger travelers (age 0-20 years), pediatric
patients may be an important subgroup that merits more
intensive pre-travel counseling. Although this study did not
examine incidence of travel-associated infection in pediatric
travelers, others have documented a high rate of traveler’s
56

diarrhea in the pediatric population. In a 1991 study of 446
young Swiss travelers,12 traveler’s diarrhea occurred in 90 of
250 travelers (36.0%) aged 15 to 20 years. Therefore, children
and their parents may require more intensive pre-travel
counseling to ensure proper rehydration during bouts of
traveler’s diarrhea.
In addition, VFRs tend to have longer periods of travel.
In the current study, 183 (46.6%) VFRs planned to travel
for at least four weeks. Long-term travel has been associated
with increased risk of chronic diarrhea, giardiasis, malaria,
schistosomiasis, and leishmaniasis.13 VFRs also sought pretravel consultation closer to their departure date than nonVFRs, possibly because of last-minute travel plans for family
emergencies. This short timeframe can limit the feasibility of
completing vaccine series.11 Given these last-minute, longterm travel patterns, primary care providers may want to take
a moment during a general medical examination to remind
VFRs to seek pre-travel counseling early in the course of
travel planning.
Vaccination rates for several preventable illnesses (hepatitis
A, hepatitis B, Japanese encephalitis, and rabies) were low
for both groups in the current study. These low rates are
particularly worrisome for VFRs who often travel to and
stay longer in regions in which they have a higher risk of
acquiring these illnesses. For example, 61.1% of viral hepatitis
cases among VFRs returning from sub-Saharan Africa were
caused by hepatitis B.14 VFRs also tend to have closer contact
with local residents. In a study of African immigrants living
in London, 40.0% of men and 21.0% of women had a new
sexual partner upon returning to Africa, where the prevalence
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Table 3. Associations Between Patient Characteristics and Completion of Specific Recommended Vaccinations
Characteristic

Odds Ratio (95% CI)
Tetanus

MMR

Polio

Rabies

Unadjusted
VFR
No

Ref

Ref

Ref

Ref

Yes

0.41 (0.21-0.79)

2.30 (0.97-5.41)

0.47 (0.23-0.98)

0.36 (0.18-0.74)

Age, y
0-20

Ref

Ref

Ref

Ref

>20-40

1.09 (0.33-3.58)

0.21 (0.07-0.63)

0.42 (0.05-3.34)

0.77 (0.37-1.60)

>40-60

1.50 (0.46-4.89)

0.93 (0.31-2.83)

0.28 (0.04-2.25)

0.53 (0.24-1.17)

>60

1.17 (0.37-3.71)

0.68 (0.12-3.91)

0.43 (0.05-3.56)

0.89 (0.39-2.05)

Sex
Male
Female

Ref

Ref

Ref

Ref

0.94 (0.53-1.69)

2.39 (1.04-5.53)

1.12 (0.55-2.26)

1.02 (0.61-1.69)

Race/ethnicity
White
Nonwhite

Ref

Ref

Ref

Ref

0.57 (0.31- 1.06)

2.92 (1.26- 6.76)

0.29 (0.14- 0.61)

0.60 (0.34-1.05)

Interpreter
No

Ref

Ref

Ref

Ref

Yes

0.44 (0.17-1.12)

0.97 (0.26-3.69)

0.30 (0.13-0.73)

0.38 (0.08-1.67)

Insurance
Private
Medicaid or Medicare

Ref

Ref

Ref

Ref

0.69 (0.38-1.24)

2.10 (0.68-6.49)

1.00 (0.46-2.17)

0.87 (0.46-1.62)

Duration of travel, wk
≤4

Ref

Ref

Ref

Ref

>4

0.48 (0.24-0.94)

2.04 (0.83-5.02)

0.59 (0.27-1.29)

3.31 (1.95-5.62)

Adjusteda
VFR
No

Ref

Ref

Ref

Ref

Yes

0.50 (0.23-1.10)

2.76 (0.87-8.74)

0.40 (0.16-1.00)

0.31 (0.13- 0.77)

Age, y
0-20

Ref

Ref

Ref

Ref

>20-40

1.09 (0.32-3.69)

0.38 (0.11-1.31)

0.38 (0.05-3.09)

0.86 (0.36-2.05)

>40-60

1.75 (0.49-6.25)

3.17 (0.79-12.78)

0.36 (0.04-3.02)

0.85 (0.33-2.20)

>60

1.08 (0.30-3.86)

0.54 (0.08-3.49)

0.30 (0.03-2.67)

1.13 (0.40-3.21)

Sex
Male
Female

Ref

Ref

Ref

Ref

0.95 (0.50-1.80)

2.45 (0.89-6.73)

0.95 (0.44-2.04)

0.95 (0.53-1.70)

Insurance
Private
Government or other

Ref

Ref

Ref

Ref

0.92 (0.43-1.97)

0.97 (0.26-3.64)

1.49 (0.54-4.10)

0.88 (0.38-2.01)

Duration of travel, wk
≤4
>4
Time from travel clinic visit to date
of departure, wkb
≤4
>4

Ref

Ref

Ref

Ref

0.59 (0.28-1.21)

1.94 (0.68-5.51)

0.73 (0.30-1.80)

5.00 (2.69-9.28)

-

-

-

Ref

-

-

-

2.61 (1.38-4.93)

Abbreviations: MMR, measles, mumps, rubella; Ref, reference; VFR, visiting friends and relatives.
a
Adjusted for VFR, age, sex, insurance, and duration of travel
b
For rabies, the odds ratio was adjusted for VFR, age, sex, insurance, duration of travel, and time from travel clinic visit to date of departure.

of human immunodeficiency virus and hepatitis B is higher.15
The low rate of rabies vaccination (12.3%) among VFRs in
this study has a considerable number of potential implications
on travelers’ health, because rabies has a near-100% fatality
rate for patients bitten by a rabid animal.16
Vaccination series may not be completed for several
reasons. A multi-dose vaccine may require up to three clinic
visits; therefore, travelers may not have sufficient time before

departure. Among VFRs, 92/390 (23.6%) were seen less than
1 week before departure, and 190/390 (48.7%) were seen
between 1 and 4 weeks before departure. The costs associated
with multiple clinic visits also may serve as a disincentive for
vaccine completion. In addition, prospective travelers may
not fully understand the health implications of travel-related
infections and the potential benefits of immunizations.
Some studies have shown that VFRs who seek pre-travel
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care are treated differently than non-VFRs. Among pediatric
travelers in Boston, VFRs were less likely than non-VFRs
to be prescribed atovaquone-proguanil and antidiarrheal
medication. In addition, among those who indicated English
as their primary language, non-VFRs were more likely to
receive typhoid and yellow fever vaccine than VFRs.17 No
significant differences were observed between VFRs and nonVFRs for antimalarial prescriptions, but a greater percentage
of VFRs were prescribed antidiarrheal medications. This may
be because more VFRs planned travel to Africa, Asia, and
the Middle East, where antidiarrheal precautions are more
strongly recommended.18
A limitation of the current study is the small number of
VFRs; it was not possible to include VFRs who did not seek
pre-travel care at the TTMC. It is possible that the VFRs
included in this study were a relatively more motivated and
health-literate subgroup; therefore, the differences in pretravel vaccinations between VFRs and non-VFRs may have
been underestimated. Some travelers will not seek pre-travel
consultation unless there is a requirement to enter a country,
such as proof of yellow fever or meningococcal vaccination.
This study has a lack data on whether prescriptions were filled
and whether travelers adhered to antimalarial prophylaxis.
This study was conducted at a single clinic, which limits the
generalizability of the findings.
Nonetheless, the findings of this study highlight some
disparities in pre-travel care for VFRs and highlight
several opportunities to improve pre-travel education and
vaccinations. Further research exploring specific reasons
for incompletion of recommended vaccines will pinpoint
changes to be made in practice and improve pre-travel health
care. The potential impact of language barriers in adherence
to travel recommendations also needs to be elucidated.
Conclusion
VFRs visiting the Mayo TTMC were more commonly younger
travelers planning to visit African and Asian countries. They
also had longer travel durations and lower rates of vaccine
completion than non-VFRs. VFRs may be at higher risk of
being affected by certain infectious diseases associated with
travel. Travel clinics have the opportunity to provide focused
pre-travel counseling and improved vaccinations for VFR
travelers.
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Research Highlights
What Is Already Known?
VFRs form a distinct subgroup of international travelers
with longer travel durations and lower rates of vaccine
completion compared to non-VFRs.
What This Study Adds?
VFRs are less likely to complete rabies vaccination. The
lower vaccination rates among VFRs illustrate disparities
in pre-travel care. Improved pre-travel education could
better elucidate the specific challenges that the VFR
population faces.
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