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Abstract. With an increasing number of adolescents participating in international travel, little is known about travel-
related behaviors and health risks in this age group. In the years 2015–2016, we conducted an anonymous, posttravel,
questionnaire-based survey with the aim to compare self-reported practices and travel-related symptoms between
adolescents (,18 years old, N587) and adults ($18 years old, N5 149) who came to our travel clinic before their
humanitarian missions. They had the same pretravel health education, and traveled together to perform similar activities.
In univariate analysis, compared with adults, we found that adolescents reported less prior international travel
(P,0.001), more often wore long-sleeved clothing for malaria prevention (P,0.001) but less often for sun protection
(P50.009), more often used insect repellents (P50.011), and less often had diarrhea (P50.024). All other practices and
health outcomes were similar between the groups. Multivariate analyses using Bayesian network show strong associa-
tions between adults and prior travel experience, and not wearing long-sleeve clothing for malaria prevention. We also
found strong associations between prior international travel and sustaining an injury, and having jet lag, as well as
between taking malaria prophylaxis and not having diarrhea. Overall, most practices and health outcomes were similar
between age groups. Adolescent age and lack of prior international travel experience did not have significant impacts on
practices and health outcomes. Our findings highlight the need for more effective strategies to improve the behaviors
and health outcomes in both adolescents and adults.

INTRODUCTION

Every year, thousands of people embark on humanitarian
aid trips to international destinations, not only among adults,
but also among adolescents, including high school students.
Top destinations for such trips are in the African region,
regions of the Americas, and South East Asia region. Many
participants are volunteers who apply their efforts to help
address ongoing problems in economically underdeveloped
or developing countries, where there may be deficiencies in
clean water and sanitation infrastructure, and access to
healthcare. As a result, they are at increased risks of per-
sonal health and well-being, including various infectious dis-
eases, noninfectious illnesses, and injuries.
Studies have shown that a large proportion of international

travelers exhibit poor knowledge, attitudes, and practices
(KAP) with regard to vaccines, malaria, traveler’s diarrhea,
and noninfectious illnesses.1–3 A substantial portion of trav-
elers to at-risk areas do not seek pretravel health education
and advice, oftentimes forgoing recommended vaccines and
malaria chemoprophylaxis before their trips.4–8 Most of
these studies featured predominantly older adults, and stud-
ies of travelers of younger age groups are limited.9–15 In par-
ticular, research on adolescent travelers is extremely limited
and may be biased by having different travel destinations
and travel activities than comparison groups of older adults.
Data from one study in youths showed higher risk-taking
attitudes in males and older youths than females and youn-
ger youths, and travelers who did not seek pretravel health

advices had higher risk-taking attitudes than those travelers
who did.16

The aims of this study are to evaluate health-related prac-
tices and travel-related illnesses of individuals who received
the same pretravel education in a classroom and through a
travel guide book, and participated in short-term interna-
tional service trips through a local humanitarian program, to
investigate whether there are differences in practices and
health outcomes between adolescents and adults. We lever-
age an ongoing pretravel education arrangement, where
travelers of different age groups were offered the same pre-
travel education and healthcare, and traveled together to the
same destinations.

MATERIALS AND METHODS

Study subjects. All participants were adolescents and
adults who received a 30-minute pretravel education class-
room session provided by two travel clinic physicians before
their short-term (duration of less than 1 month) international
humanitarian service missions in the years 2015 and 2016.
They attended the same pretravel education session, which
was done together in the same classroom with general infor-
mation about their destination, and presentation of detailed
information regarding sanitation, food and water handling,
food-borne and water-borne infections, insect bite precau-
tion, malaria chemoprophylaxis, immunization, as well as
heat-related illnesses, injury precaution, jet lag disorders, and
animal exposure. The leaders of humanitarian service pro-
vided food and water during the trip but the participants were
also able to get their own food and water from local stores.
Additionally, all participants were given travelers’ health lit-

erature in the form of guide book. We also offered partici-
pants a comprehensive individualized consultation based on
individual’s health background and specific health risks, and
gave them recommendations and advices for mitigating
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risks, including vaccine administration and medication pre-
scriptions. The medications we offered for malaria chemo-
prophylaxis were doxycycline, mefloquine, and atovaquone/
proguanil. The decision was based on destination countries,
adverse reactions, drug–drug interactions, cost, and individ-
ual’s preference. The consultation did not include a physical
examination. The participants traveled together to the same
destination countries and performed similar service activi-
ties. Participants of all ages were accepted, and it is possible
that more than one member of the family were on the same
trip, and participated in the study, though because of the
anonymous nature of the study, this was not ascertained.
The study subjects were recruited after their return to the
United States.

Study design and data collection. This is a cross-
sectional study conducted at the University of Utah Travel
Clinic. The data were collected through an electronic, self-
administered, anonymous questionnaire, which was sent to
the participants’ e-mails 4 weeks after their return. The
4-week posttravel period was chosen given the need to
report on completion of malaria chemoprophylactic regi-
mens, which in some travelers included a 4-week posttravel
course of doxycycline. Informed consent was obtained elec-
tronically through e-mails. Given the exploratory nature of
this study, no sample size calculation was performed, and a
convenience sample was enrolled over a period of 2 years.
The study protocol was approved by the Institutional Review
Board (IRB) at the University of Utah (IRB no. 82842).
The questionnaire used in this study consisted of three

parts. The first part contained demographics, travel history,
and countries of destination. The second part queried
behaviors and practices the participants exhibited while
being abroad. The last part was about symptoms of illnesses
and infections after returning from the trip. The questionnaire
was anonymous, thus we were unable to trace whether any
of the participants of our study were family members. Study
data were collected and managed using Research Electronic
Data Capture (REDCap) electronic data capture tools hosted
at the University of Utah.17,18

Analysis objectives. The primary objective was to investi-
gate whether travel-related practices and travel-related ill-
nesses were different between adolescents (,18 years old)
and adults ($ 18 years old) who received the same pretravel
education in a classroom and a travel guide book, and par-
ticipated in short-term international service trips through a

local humanitarian program. The secondary objective was to
use a Bayesian network to evaluate associations and
strengths of the associations between the participants’ dem-
ographics and practices during the trip, and posttra-
vel illnesses.

Statistical methods. Statistical analyses were carried out
using R program version 3.62. Categorical variables were
described using percentage, whereas continuous variables
were described by mean, median, and SD. Comparisons of
the categorical variables were performed using the Fisher’s
exact test or the x2 test of independence, as appropriate.
AP value of,0.05 was considered significant.
Given the conditional nature of the data because of the

variables that occur before, during, and after travel, we used
a Bayesian network to examine multivariate associations
that included the relationship between a travelers’ health
outcomes given their health behaviors and adherence to
appropriate traveler’s practices, and between these behav-
iors and practices given the travelers’ characteristics and
demographic. The Bayesian network allowed us to evaluate
these conditional relationships in a single network model.
The structure of the Bayesian network was generated with a
hill-climbing learning algorithm assessed using the Bayesian
Information Criterion (BIC).19 We disallowed implausible and
reverse directions of the associations between some factors
to maintain interpretability of the model. Bootstrap resam-
plings were applied to the available data to assess the
robustness of the associations. We calculated the strength
of each connection using BIC as well as strength of the con-
nections and directional strength of these associations
through their presence in the chosen bootstrapped network
structures.

RESULTS

Demographics and characteristics. The electronic sur-
vey was distributed to 719 people and 328 participants
(47%) responded to the survey. Ninety-two questionnaires
were marked incomplete because of missing data and not
included in our analysis. There were 236 questionnaires
available for univariate analysis, and 228 questionnaires
were included in Bayesian network analysis. The additional
eight questionnaires were excluded because of missing pre-
dictors. Ages of the respondents were between 15 and 65
years with a mean (6SD) age of 24.8 (612.7) years. Of all the

TABLE 1
Demographics and characteristics of the participants

Characteristics
Total , 18 years $ 18 years

P valuen (%) n (%) n (%)

Age 236 (100) 87 (36.9) 149 (63.1) , 0.001
History of traveling outside of the United States 48 (20.3) 1 (1.1) 47 (31.5) , 0.001
Destination country – – – 0.37

Thailand 55 (23.4) 25 (29.1) 30 (20.1) –

Cambodia 44 (18.7) 16 (18.6) 28 (18.8) –

Kenya 30 (12.8) 8 (9.3) 22 (14.8) –

Madagascar 28 (11.9) 13 (15.1) 15 (10.1) –

Peru 31 (13.2) 8 (9.3) 23 (15.4) –

Guatemala 23 (9.8) 9 (10.5) 14 (9.4) –

Nepal 24 (10.2) 7 (8.1) 17 (11.4) –

Stayed in rural area 169 (71.9) 61 (70.1) 108 (73.0) 0.64
Stayed in malaria endemic area 133 (56.4) 48 (55.2) 85 (57.0) 0.24
Received pretravel healthcare 189 (80.1) 73 (83.9) 116 (77.9) 0.26
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respondents, 87 (37%) were younger than 18 years old. Their
destinations were to seven countries, including Thailand,
Cambodia, Kenya, Madagascar, Peru, Guatemala, and Nepal.
All of the destinations were malaria-endemic countries; how-
ever, only 133 (56%) stayed in malaria-endemic areas. Among
236 respondents, 188 (80%) were on their first international
trip and 48 (20%) had previously traveled abroad. The adult
participants had more international travel experience (31.5%
versus 1.1%, P , 0.001). 189 (80%) received pretravel health-
care before their trip (Table 1).

Behaviors and practices during the trip. Relating to
malaria prevention, 182 (77.1%) respondents indicated that
they used an insect repellent. A total of 102 (43.2%) covered
their skin with long-sleeved clothing to prevent malaria. Ado-
lescents were significantly more likely to report that they
used an insect repellent for insect bite prevention (P50.01)
and that they wore long-sleeved clothing (P ,0.001). About
176 (75%) took malaria chemoprophylaxis and less than half
of the respondents used bed nets and closed windows dur-
ing the night with no significant differences between age
groups (Table 2).
The participants reported walking bare foot 31% and hav-

ing animal contact during their trip 15%. To prevent sun-
related illnesses, the majority (77%) of the participants used
sun screen, 60% wore sunglasses and a hat, whereas only
43% covered their skin with clothing. Interestingly, while
adolescents wore more likely to report wearing long-sleeved
clothing to prevent insect bites more than adult travelers, the
adult travelers were significantly (P50.009) more likely to
report wearing long-sleeved clothing for sun protection.

Travel-related symptoms and illnesses. With regards to
reporting symptoms and illnesses, 44 (19%) of travelers sus-
tained injuries during the trip and 44 (19%) reported that they
had travel-related nonspecific symptoms after return. Other
travel-related symptoms included jetlag (50%), diarrhea (32%),

and fever (8%). These travel-related symptoms and illnesses
were not associated with being an adolescent or an adult trav-
eler except for traveler’s diarrhea, which was reported signifi-
cantly more in adult travelers (P5 0.024) (Table 3).

Bayesian network. We further investigated multivariate
associations and directional associations between the dem-
ographics, practices, and health outcomes by fitting a
Bayesian network structure that includes the quantified
strength of association between the connected variables
using BIC (Table 4) and bootstrapped samples (Figure 1). A
total of 228 questionnaires were available for analyses after
excluding participants with at least one data variable miss-
ing. Using the full dataset to fit a Bayesian network, we
obtained the following joint probability distribution P(x) as a
product of conditional distributions of variables chosen by
the algorithm:

PðxÞ5PðAge$18Þ3PðUrban or RuralÞ3PðPretravel HealthcareÞ
�PðPrior TraveljAge$18Þ3PðJetlagjPrior TravelÞ
�PðTravel InjuryjPrior TravelÞ3PðBednettingjUrban or RuralÞ
�PðSleeves ðMalariaÞjAge$18Þ3PðDiarrheajMalaria MedicationÞ
�PðSleevesðSunÞjPrior TravelÞ3PðInsect RepellantjPrior TravelÞ
�PðFeverjPretravel HealthcareÞ3PðMalaria MedicationjUrban or RuralÞ
�PðReturned SickjBednettingÞ3PðClose WindowsjUrban or RuralÞ

We divided all variables into three categories: prior to the
trip, during the trip, and after the trip. All connections
showed the same direction of associations in all 1,000 boot-
strap samples (bootstrap direction proportion of 1.0) (Table
4). Those with age greater than 18 years were more likely to
have prior travel experience (29% versus 1% with a strong
association according to BIC) but less likely to wear
long-sleeve clothing to prevent malaria (32% versus 63%).
These outcomes are consistent with the univariate analysis
in the Tables 1 and 2. Surprisingly, we found strong associa-
tions that those with prior travel experience were more likely

TABLE 2
Behaviors and practices of adolescents and adults on short-term international missions

Behaviors and practices
Total , 18 years $ 18 years

P valuen (%) n (%) n (%)

Malaria prevention measures
Took malaria chemoprophylaxis 176 (74.6) 70 (80.5) 106 (71.1) 0.11
Wore long-sleeved shirts 102 (43.2) 54 (62.2) 48 (32.2) , 0.001
Used insect repellent 182 (77.1) 75 (86.2) 107 (71.8) 0.011
Used bed net 47 (19.9) 18 (20.7) 29 (19.5) 0.82
Closed windows 67 (28.4) 24 (27.6) 43 (28.9) 0.83

Walked bare foot 73 (31.1) 33 (37.9) 40 (27.0) 0.08
Sun protection measures
Used sun screen 182 (77.1) 67 (77.0) 115 (77.2) 0.98
Wore long-sleeved shirt 102 (43.2) 28 (32.2) 74 (49.7) 0.009
Wore hat and sunglasses 142 (60.2) 50 (57.5) 92 (61.7) 0.52

Had animal contact 34 (14.5) 14 (16.1) 20 (13.5) 0.59

TABLE 3
Travel-related symptoms and illnesses of adolescents and adults

Symptoms/illnesses
Total , 18 years $ 18 years

P valuen (%) n (%) n (%)

Travel-related injury 44 (18.6) 12 (13.8) 32 (21.5) 0.14
Travel-related non-specific symptoms 44 (18.6) 13 (14.9) 31 (20.9) 0.25
Jetlag 116 (49.8) 38 (43.7) 78 (53.4) 0.15
Diarrhea 76 (32.3) 20 (23.3) 56 (37.6) 0.024
Fever 18 (7.7) 5 (5.7) 13 (8.9) 0.38
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to sustain an injury (48% versus 11%) and had jet lag (88%
versus 40%). There was a moderately strong association
between not prior travel experience and the report of using
an insect repellent (83% versus 57%). We also found an
association (in 81% of bootstrapped variables) between
using malaria chemoprophylaxis and decreased the risk of
traveler’s diarrhea with the probability of diarrhea in those
not taking malaria chemoprophylaxis being 57% compared
with 25% in those taking malaria chemoprophylaxis. The
following variables included in the model fit had weak asso-
ciations according to BIC and bootstrapping: not receiving
pretravel healthcare and developing fever after the trip, not
using a bed net and having a nonspecific illnesses after
travel, and staying in a rural area and sleeping with closed
windows or taking malaria chemoprophylaxis (Table 4).

DISCUSSION

There is a limited number of published studies focusing on
travel-related health in adolescents, an age group whose
risk-taking behavior may put them at an increased risk of
travel-related illnesses.16 In this study, we leverage a pro-
gram in which adolescents and adults go to the same desti-
nations for humanitarian missions, and were offered the
same pretravel education and healthcare. Using a posttravel
web-based questionnaire, we ascertained differences in
travel-related behaviors and outcomes between the age
groups.
Our univariate analysis show that despite having less inter-

national travel experience, adolescents more often reported
wearing long-sleeved clothing to prevent malaria and using
insect repellents. In addition, adolescents reported less
wearing long-sleeved clothing for sun protection and travel-
er’s diarrhea compared with adult travelers. We then used

Bayesian network analysis, which models probability distri-
butions and outputs directed acyclic graphs, to explore
causal probabilities through multivariate associations.
Through this, we confirmed the strong associations between
older age and prior international travel and wearing long
sleeves for malaria prevention. Among all travelers, we found
strong associations between prior international travel and
sustaining an injury, and experiencing jet lag. In addition, we
found a moderately strong association between those not
taking malaria chemoprophylaxis and having diarrhea, a
finding consistent with prior studies.20,21 This finding sug-
gests bacterial enteropathogen susceptibility to doxycycline
in those countries. On the other hand, our analysis revealed
no strong associations between receiving pretravel health-
care and the development of fever or any illnesses after the
trip. Previous international travel experience, age, and pre-
travel healthcare did not have strong associations with the
other practices or health outcomes of travelers in our study.
Misperception of risk places travelers at an increased risk

of travel-related illnesses while abroad and after
return.12,22–25 Previous reports, almost exclusively of adults,
found a lack of pretravel education, inadequate pretravel
medical advice, and nonadherence to advices and recom-
mendations among travelers.4–8 In our study, receiving pre-
travel healthcare was not found to have strong associations
with injuries, jet lag, or posttravel illnesses, though there was
a weak association with fever after return. While adoles-
cents, who have less travel experience, are thought to be
higher risk, we found that they were more likely to report
wearing long-sleeve clothing to prevent malaria, using an
insect repellent, and having less diarrhea. Furthermore, in
our Bayesian network analysis across all ages, not having
prior international travel was associated with less injuries
and jet lag. We postulate that having the same pretravel

TABLE 4
Conditional probabilities from the Bayesian network fit

Outcome Conditioned on Probability Strength (BIC) Strength (Bootstrap) Direction (Bootstrap)

Age $ 18 – 0.62 – – –

Stayed in rural area – 0.72 – – –

Pretravel healthcare – 0.80 – – –

Prior travel Age , 18 0.01 215.41 1.00 1.00
Age $ 18 0.29 – – –

Jetlag No prior travel 0.40 214.53 1.00 1.00
Prior travel 0.88 – – –

Travel injury No prior travel 0.11 210.06 0.97 1.00
Prior travel 0.48 – – –

Bednetting Stayed in urban area 0.03 27.65 1.00 1.00
Stayed in rural area 0.27 – – –

Long sleeves to prevent malaria Age , 18 0.63 27.40 0.77 1.00
Age $ 18 0.32 – – –

Diarrhea No malaria chemoprophylaxis 0.57 26.74 0.81 1.00
Malaria chemoprophylaxis 0.25 – – –

Long sleeves to prevent sunburn No prior travel 0.37 24.42 0.77 1.00
Prior travel 0.69 – – –

Used insect repellent No prior travel 0.83 23.45 0.76 1.00
Prior travel 0.57 – – –

Fever No pretravel healthcare 0.20 21.68 0.43 1.00
Pretravel healthcare 0.05 – – –

Malaria chemoprophylaxis Stayed in urban area 0.63 21.10 0.55 1.00
Stayed in rural area 0.80 – – –

Travel-related non-specific symptoms No bed netting 0.21 20.55 0.43 1.00
Used bed net 0.07 – – –

Closed windows Stayed in urban area 0.17 20.27 0.50 1.00
Stayed in rural area 0.33 – – –

BIC5 Bayesian Information Criterion.
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health education and traveling together to same destinations
may mitigate risk-taking behaviors, and that those with a
lack of prior international travel experience might have paid
more attention to the education session. Additionally, ado-
lescents may be more familiar with lectures, which is a for-
mal method of conveying information and instructions to
groups of learners, while adults’ attention span and attitude
toward the classroom format might be different. The pretra-
vel education in the form of classroom might not be appro-
priate for adult travelers who have more travel experience.
For adult travelers, other education formats such as peer
instructions, small discussion groups, and individually pre-
sented advice could be better options, and need to be
explored in future studies. Additionally, travel clinic providers
often spend less time advising experienced travelers. This
could lead to inadequate knowledge, wrong practices, and
increased risks of travel-related illnesses in adult travelers.
However, our study did not monitor time spent for each par-
ticipant’s individual consultation.
Our study adds to the very limited knowledge base regard-

ing travel-related practices, health risks, and travel-related
illnesses in adolescents, especially in our ability to compare
different age groups who received the same pretravel educa-
tion and participated in similar activities in the same locations
during their travels. However, our findings had several

limitations. Although an electronic questionnaire gives sense
of anonymity and privacy, response was voluntary, and may
be subject to participation biases. Furthermore, there was
potential that family members who traveled together could
influence one another’s practices and behaviors, but we were
unable to track down whether any of the participants of our
study were family members. Additionally, there could be
differences in the extent to which participants interpreted
questionnaire items. Also, since the questionnaires were
administered 4 weeks after return, we do not know whether
recall bias differentially affects the age groups, and future
studies using diaries are warranted. Lastly, given our low
response rate of 47%, our results may be subject to nonres-
ponse bias.

CONCLUSIONS

We found that despite pretravel education, significant pro-
portions of travelers exhibited poor practices and nonadher-
ence to pretravel recommendations in both adolescent and
adult travelers. Adolescent age, lack of prior international
travel experience, and pretravel healthcare did not strongly
associate with positive impacts on practices and health out-
comes. Our findings highlight the need to emphasize pretravel
education and improve the current strategies to guide travel

FIGURE 1. Bayesian network showing associations between variables before, during, and after the trip. Numbers indicate the proportion of boot-
strap samples that contain the same connections. The connections chosen by a Bayesian network fit on all available variables using Bayesian
Information Criterion (BIC).
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behaviors and health outcomes in both adolescents and
adults.
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