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Abstract

Background

Non-prescription purchase of antibiotics is undesirable and has not recently been investi-
gated in a representative population in a high-income low-use country during travel
abroad. This study examined self-reported prevalence of antibiotic purchase abroad with
and without prescription among participants reporting international travel in a general
adult population in Norway, and the associations with socio-demographic, lifestyle and
health factors.

Methods

We analysed questionnaire-data from 19995 participants (10470 women) >40 years in the
population-based Tromsg Study 7, 2015-2016. Data from the Norwegian Prescription Data-
base were used to examine antibiotic use in Norway. We calculated adjusted odds ratios
(AOR) for “travel abroad”, “any antibiotic purchase abroad”, and “antibiotic purchase abroad
with” and “without prescription” using multivariable logistic regression.

Results

Over half (55.0%, 95%CI 54.3-55.7%) participants reported travel abroad of >1 week dura-
tion in the past year. Travelers were more likely than non-travelers to be women (AOR =
2.02, 95%CI 1.42—2.88%) and report high education/income, childhood mostly lived abroad,
healthy lifestyle, and good/excellent self-rated health. In total, 17904 travel episodes to 148
countries were reported. Altogether, 3.7% (95% Cl 3.4%-4.1%) of travelers had purchased
antibiotic abroad in the past year. Non-prescription purchase (1.5%, 95% Cl 1.3-1.7) was
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associated with younger age, being female (AOR 1.41, 1.0-1.97), number of travels (refer-
ence: one episode, two: AOR =1.82, 1.25-2.67, three: 2.60, 1.58—4.28, four: 3.10, 1.40—
6.36 and >five: 4.70, 2.30—9.62), occurrences of diarrhoea (one: 2.42, 1.50-3.93 and >two:
3.08, 1.29-7.35), and antibiotic use in Norway in the past year (1.84, 1.29-2.62), whereas
purchase with prescription (2.4%, 2.1-2.7) was associated with low income, growing-up
abroad, recent hospital admission, additionally including number of travels/diarrhoea, and
antibiotic use in Norway. Thailand (10.7%, 95% Cl 7.8-14.3), Turkey (5.5%, 3.8-7.8) and
Spain (3.6%, 3.0—4.3) were the countries most commonly associated with any antibiotic pur-
chase. About two in five travelers who bought antibiotics in Thailand had done so without
prescription, three in five in Turkey, and less than one in three in Spain.

Conclusion

Overall, a small proportion of travelers had bought antibiotics abroad in the past year. Low
prevalence of non-prescription purchase may be explained by awareness of the risks asso-
ciated with self-medication, cultural views, unawareness of the non-prescription availability,
and/or few infections. Divergent predictors for purchase abroad with versus without pre-
scription may suggest different reasons for these practices.

Introduction

Non-prescription supply of antibiotics is undesirable and remains high outside northern
Europe and North America [1, 2]. More than 50% of antibiotics worldwide are obtained with-
out a prescription, commonly in community pharmacies, and is particularly prevalent in low-
income countries which do not enforce or do not have legislation restricting the sales and
distribution of medicines [1, 3-5]. All the EU member states have legislation requiring that
antibiotics are dispensed with prescription only, however, in 2016, an estimated 7% of antibi-
otics were taken without a prescription, most frequently in Romania (20%) and Greece (16%)
[6]. Non-prescription use has been associated with shorter courses and inappropriate drug
type and dosage [2, 7, 8]. Antibiotic use whether by prescription or not, is recognized as a
major driver for antibiotic resistance both at the individual and population level and resistance
is considered an increasingly important public health hazard worldwide [9-11]. In 2015, infec-
tions with selected antibiotic-resistant bacteria of public health importance accounted for over
33000 deaths in Europe [12].

Non-prescription availability has been associated with self-medication with antibiotics
among people living in low-income countries [13]. To our knowledge, no recent representative
study has investigated the purchase of antibiotics without prescription during travel abroad
among people living in a high-income country with restrictive antibiotic policies. International
travel is increasing and the number of international tourist arrivals worldwide doubled from
674 million in 2000 to 1326 million in 2017 [14]. People in Norway are among the world’s big-
gest travelers and popular travel destinations include countries where non-prescription sales
of antibiotics is common, such as Spain, Greece and Thailand [2, 8, 15-20].

The antibiotic consumption in Norway is below the European average [11, 21] and an array
of measures have been implemented to ensure effective antibiotic stewardship at a national
level [10, 21]. Antibiotics have always been prescription-only medicines. There are antibiotic
guidelines both for primary care and hospitals [22, 23], a surveillance system for outpatient
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antibiotic consumption [21], and laboratory-based surveillance of antibiotic resistance in bac-
teria [21]. In 2016, the government published an action plan on antibiotic resistance with the
aim of reducing antibiotic use in the population by 30% by year-end 2020 compared with
2012. This includes public awareness campaigns and educational intervention to all general
practitioners, and antibiotic sales had decreased by 24% in 2018 [24, 25].

Non-prescription antibiotic use in Norway is assumed to be very low. In the Eurobarometer
survey 2016 on causes of non-prudent use of antibiotics in the EU (excluding Norway), 2% of
people in Sweden and 6% in Denmark reported not having obtained their most recent antibi-
otic course from a medical practitioner [26]. It is likely that Norway has similar proportions.

The aims of this study were to examine the self-reported prevalence of antibiotic purchase
abroad among participants reporting international travel in a general adult population in Norway,
and how antibiotic purchase abroad was associated with socio-demographic, lifestyle and health
factors among travelers. Both antibiotic purchase with and without prescription were studied.

Materials and methods
Study population and design

The Tromse Study is a longitudinal, population-based general health study in the municipality
of Tromse, Norway. Tromse is considered as representative of a Northern European white,
urban population and full details of the survey methods have been published elsewhere [27].
The seventh survey (Tromse 7) was undertaken March 2015-October 2016 [28]. Unique
national identity numbers from the official population-registry were used to invite all residents
>40 years in Tromse. The attendance rate was 64.7% (n = 21083). After excluding 1088 partic-
ipants with missing questionnaire and/or non-response to key variables, we analysed cross-
sectional questionnaire data from 19995 participants (10470 women) aged 40-89 years (Fig 1).

To assess participants’ antibiotic use in Norway the past 12 months, data from Tromsg 7
and the Norwegian Prescription Database (NorPD) were linked at the Norwegian Institute of
Public Health [29]. NorPD includes detailed information at the individual level on all dis-
pensed antibiotics at all pharmacies in Norway.

Questionnaires and measurements

Participants in Tromsg 7 completed two self-administered structured questionnaires at home,
either on paper or online [28] or, alternatively, at the first clinical screening visit where they
could receive personal assistance. The questionnaires covered a broad range of issues related
to sociodemographics, lifestyle and health, and sections for “travel and illness” and “antibiotics
purchased abroad” (Box 1).

“Travelers” included participants reporting travels outside the Nordic countries with dura-
tion >1 week the past 12 months. “Non-travelers” may thus include participants with travels
of <1 week duration. Antibiotics dispensed (here defined as used) in Norway the past 12
months from NorPD included antibiotics for systemic use only (group J01 and PO1ABO1) in
the Anatomical Therapeutic Chemical (ATC) classification system and are presented both as
number of prescriptions dispensed and dichotomous variables [30]. A freely accessible web-
tool, mapchart.net©, was used to create a world map where each country had a colour code
corresponding to travel prevalence in the past year.

Statistical analyses

SPSS v24.0 (NY: IBM Corp) was used for statistical analyses. We present descriptive character-
istics by numbers and proportions (%) and calculated 95% confidence intervals (ClIs) or
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Fig 1. The study population. The seventh survey of the Tromse Study.
https://doi.org/10.1371/journal.pone.0228792.g001

Box 1. The questions used to assess “travel and iliness” and
“antibiotics purchased abroad”.

Travel and illness

o Please, specify the number of travels you have performed during the past 12 months
outside the Nordic countries with duration of >1 week. (Please, tick 0 if you had no
travels of >1 week duration outside the Nordic countries in the past 12 months).

For each travel outside the Nordic countries with duration of >1 week, please specify
which country you stayed in—Travel 1 (to 20)? (A pull-down menu with 200 countries
excluding the Nordic countries (i.e. Norway, Sweden, Denmark, Finland and Iceland)
were displayed. Participants could select one country for each travel episode 1-20).

For each travel outside the Nordic countries with a duration of >1 week, did you expe-
rience diarrhoea in connection with the travel —Travel episode 1 (-20). (No/yes)

Antibiotics purchased abroad

« Have you purchased antibiotics abroad during the last 12 months (penicillin-like med-
icine to treat infections)? (No/yes)

« If you have purchased antibiotics abroad during the last 12 months—how did you
acquire it? Prescription from doctor/dentist? (No/yes)

o If you have purchased antibiotics abroad during the last 12 months—how did you
acquire it? From a pharmacy, without a prescription? (No/yes)
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standard deviation (SD) for means using student t-distribution, and 95% ClIs for proportions
using the exact binominal method. Logistic regression models were tested for a priori known
or assumed related explanatory variables and only statistically significant variables were kept
in the multivariable models together with the significant interaction terms with sex [13, 15].
We used logistic regression analysis to study the associations between selected explanatory var-
iables and four outcome variables: 1) “travel” (travels of >1 week duration outside the Nordic
countries past 12 months, no/yes, all participants), 2) “any antibiotic purchase abroad past 12
months” (no/yes, all travelers), 3) “antibiotic purchase abroad without prescription past 12
months” (no/yes, excluding travelers reporting “antibiotic purchase abroad with prescrip-
tion”), and 4) “antibiotic purchase abroad with prescription past 12 months” (no/yes, exclud-
ing travelers reporting “antibiotic purchase abroad without prescription”). For all models, co-
linearity was not a problem with variance inflation factor <1.25 for all variables. Two-sided p-
values <0.05 were considered statistically significant. As the questions on antibiotic purchase
abroad were asked after the”travel and illness”-section (Box 1) and not linked to each country
visited, the countries associated with non-prescription antibiotic purchase were examined
only among participants reporting travel to one country.

Ethics

The study, including the linking of data between Tromse 7 and NorPD, was approved by The
Regional Committee for Medical and Health Research Ethics, North Norway (2016/1788/REK
Nord) and complied with the Declaration of Helsinki. All participants in Tromse 7 signed an
informed consent declaration before participation.

Results
Characteristics of travelers

More than half of participants (55.0%, 95%CI: 54.3-55.7%, n = 11001) reported travel of >1
week duration in the past year outside the Nordic countries (Fig 1). Mean age for women trav-
elers was 56.0 years (95%CI: 55.8-56.3) versus 58.3 years (57.9-58.6, p<0.001) for women
non-travelers. The corresponding means for men were 56.8 years (56.5-57.1) and 57.9 years
(57.5-58.2, p<0.001). In analyses adjusting for age, sex, household income, childhood mostly
lived abroad and self-rated health, older age (>80 years) was associated with less travel
(adjusted odds ratio (AOR) 0.48) (Table 1).

Travelers were more likely than non-travelers to be women (AOR 2.02) and to report
higher education level (AOR 1.44) and household income (1.79), more frequent alcohol intake
(1.70), living with a spouse/partner (1.21), childhood mostly lived abroad (2.45), high physical
activity (1.16) and good/excellent self-rated health (1.50) (Table 1). Travelers were less likely
than non-travelers to report daily smoking (0.71), hospitalization past 12 months (0.85) and
chronic lung disease (0.77). There was no statistically significant difference in the number of
antibiotic prescriptions used in Norway the past 12 months between travelers (mean 0.47, SD
1.58) and non-travelers (0.38, 1.01).

Travel destinations

11001 travelers reported a total of 17904 travel episodes to 148 countries in the past 12 months;
61% reported one travel, 26% reported two, 8% three, and 5% reported four travels or more.
The countries most commonly visited were Spain 34.7%, Greece 10.5%, Turkey 5.4%, Italy
5.2%, US 4.9%, France 4.2%, UK 4.1% and Thailand 4.0% (Fig 2, S1 Table).
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Table 1. Characteristics of 19995 participants by international travel status in the past 12 months.

No travel” Travel

n = 8994 n=11001 OR |95% CI p-value |[AOR* |95% CI p-value | Denominatorst
Age
40-49 30.1% 31.4% 1.00 <0.001 1.00 <0.001 2703, 3459
50-59 27.0% 30.2% 1.07 1.00-1.15 1.10 1.02-1.19 2426, 3320
60-69 23.4% 25.5% 1.04 0.97-1.12 1.21 1.01-1.33 2102, 2803
70-79 14.1% 11.2% 0.76 0.69-0.83 1.10 0.97-1.26 1267, 1228
80-95 5.5% 1.7% 0.30 0.25-0.36 0.48 0.39-0.61 496, 191
Sex
Men 46.1% 48.9% 1.00 <0.001 1.00 <0.001 4150, 5375
Women 53.9% 51.1% 0.90 0.85-0.95 2.02 1.42-2.88 4844, 5626
Higher education level” 41.1% 56.5% 1.86 1.75-1.97 | <0.001 1.44 1.36-1.54 <0.001 8779, 10880
Higher household income” 38.8% 56.9% 2.09 1.97-2.21 | <0.001 1.79 1.64-1.96 <0.001 8516, 10691
Daily smoking 17.2% 11.2% 0.61 0.56-0.66 | <0.001 0.71 0.66-0.78 <0.001 8901, 10920
Alcohol intake >2 times/week 22.3% 36.3% 1.99 1.87-2.12 | <0.001 1.70 1.59-1.82 <0.001 8924, 10952
Living with spouse/cohabiting 71.4% 81.2% 1.73 1.62-1.85 | <0.001 1.21 1.11-1.31 <0.001 8365, 10540
Childhood mostly lived abroad 2.8% 6.4% 2.37 2.04-2.74 | <0.001 2.45 2.10-2.85 <0.001 8958, 10968
High physical activity® 24.3% 30.0% 1.34 1.25-1.42 | <0.001 1.16 1.08-1.24 | <0.001 8595, 10754
Self-rated health good/excellent 62.6% 73.9% 1.69 1.59-1.80 | <0.001 1.50 1.40-1.60 | <0.001 8890, 10939
Hospitalization past 12 months 12.3% 9.5% 0.74 0.68-0.81 | <0.001 0.85 0.77-0.94 0.001 8893, 10919
Chronic lung disease’ 3.2% 1.8% 0.54 0.45-0.65 | <0.001 0.77 0.63-0.94 0.011 8623, 10699
Antibiotic use in Norway past 12 months® 22.0% 21.0% 0.93 0.87-0.99 0.034 1.06 0.99-1.14 0.095 8994, 11001

*No travel outside the Nordic countries >1 week duration the past 12 months.

OR, odds ratio (reference: No travel); CI, confidence interval; AOR, adjusted odds ratio; NA, not applicable.

*AORs for age group were adjusted for sex, household income, childhood mostly lived abroad, self-rated health and statistically significant interaction terms. AORs for
all other variables were adjusted for age as a continuous variable, sex, household income, childhood mostly lived abroad, self-rated health and statistically significant
interaction terms.

"Denominators refer to number of participants included in the multivariable regression analyses of each independent variable (i.e. household income) or for a subgroup
of each variable (i.e. age group 40-49y) and may vary due to missing information

* >College/university degree

> >751 000 NOK (€ 78 330/year as per July 2019)

“ Recreational sport >4 hours/week or hard training/sport competition several times a week

4 Chronic bronchitis/emphysema/COPD

¢ Data from the Norwegian Prescription Database (NorPD)

https://doi.org/10.1371/journal.pone.0228792.t001

Antibiotic purchase abroad

Altogether, 3.7% (95% CI 3.4%-4.1%, n = 410, no gender difference) of travelers reported pur-
chase of antibiotics abroad in the past year (S2 Table). Antibiotic purchase abroad with pre-
scription was reported by 2.4% (2.1-2.7, n = 262, no gender difference) of travelers and
purchase without prescription by 1.5% (1.3-1.7, n = 170). A higher proportion of women
(1.8%, 1.5-2.2) than men (1.3%, 1.0-1.6, p = 0.030) reported purchase without prescription. 22
travelers (13 women and 9 men) reported antibiotic purchase both with and without
prescription.

Among non-travelers, 0.4% (0.3-0.6, n = 40) reported purchase of antibiotics abroad the past
year; 0.3% (0.2-0.4, n = 26) with prescription and 0.2% (0.1-0.2, n = 14) without prescription.

In analyses of travelers only (adjusting for age, sex, number of travels abroad, and antibiotic
use in Norway the past 12 months), younger participants (AOR = 0.97 per year, 0.96-0.99),
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Fig 2. World map of travel destinations. Each country visited was assigned a colour code corresponding to travel prevalence in the past year.

https://doi.org/10.1371/journal.pone.0228792.9002

women (1.41, 1.01-1.97) and those having used antibiotics in Norway (1.84, 1.29-2.62) were
more likely to report purchase of non-prescription antibiotics abroad in the past year (Table 2).

A strong dose-response association was observed for increasing number of travel episodes
and occurrences of diarrhoea during travel.

In contrast (in analyses adjusting for age, sex, income, childhood mostly lived abroad,
recent hospital admission, number of travels abroad, and antibiotic use in Norway the past 12
months), antibiotic purchase abroad with prescription in the past year among travelers was
associated with lower income (1.63, 1.22-2.17), childhood mostly lived abroad (1.64, 1.05-
2.57) and recent hospital admission (1.76, 1.23-2.51), also including a dose-response associa-
tion for increasing number of travel episodes and occurrences of diarrhoea, and antibiotic use
in Norway (2.18, 1.65-2.89) (Table 2).

Antibiotic purchase abroad and travel destination

Among 8159 of 11001 (74%) of travelers reporting travel to one country only, 104 reported pur-
chase of antibiotics abroad without prescription and 176 reported purchase with prescription.
The three countries most commonly associated with any purchase of antibiotics were Thailand
(10.7%, 95% CI 7.8%-14.3%), Turkey (5.5%, 3.8-7.8) and Spain (3.6%, 3.0-4.3) (Table 3).

Mean prevalence of any purchase was 3.4% (3.0-3.8) among travelers having visited one
country only in the past year, and 5.3% (4.5-6.2) among those having visited more than one
country. About two in five travelers who had bought antibiotics in Thailand did so without
prescription, three in five in Turkey, and less than one in three in Spain. The proportion of
non-prescription purchase was 37.5% (31.8-43.5) among travelers having visited one country
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Table 2. Factors associated with non-prescription and by-prescription purchase of antibiotics abroad among travelers.

Non-prescription purchase* By-prescription purchase** Denominators§

Characteristics n=149 | AOR¥Y 95% CI p-value | n=241 | AOR# 95% CI p-value | Non-prescript., by-prescription
Age (continuous variable) NA 0.97 0.96-0.99 0.001 NA 1.005 0.99-1.02 0.477 10739, 10831
Sex

Men 1.1% 1.00 0.042 2.4% 1.00 0.118 5498, 5525

Women 1.6% 1.41 1.01-1.97 2.1% 0.81 0.62-1.06 5241, 5306
Education

<College/university degree 1.2% 1.00 0.891 2.6% 1.00 0.097 4610, 4675

>College/university degree 1.5% 1.02 0.73-1.45 2.0% 0.79 0.60-1.04 6011, 6036
Household income

Higher 1.5% 1.00 0.935 1.7% 1.00 0.001 5979, 5991

Lower 1.3% 0.99 0.70-1.40 2.9% 1.63 1.22-2.17 4460, 4532
Current daily smoking

No 1.4% 1.00 0.665 2.3% 1.00 0.156 9465, 9551

Yes 1.5% 1.12 0.68-1.84 1.8% 0.70 0.43-1.14 1195, 1199
Alcohol intake

< 2-3 times a week 1.2% 1.00 0.074 2.3% 1.00 0.399 6800, 6875

> 2 times a week 1.7% 1.36 0.97-1.89 2.1% 0.81 0.51-1.27 3890, 3907
Childhood mostly lived abroad

No 1.4% 1.00 0.790 2.1% 1.00 0.041 10034, 10112

Yes 1.9% 1.08 0.60-1.95 3.8% 1.64 1.05-2.57 674, 687
Hospital admission past 12m

No 1.4% 1.00 0.775 2.0% 1.00 0.002 9668, 9732

Yes 1.5% 1.08 0.63-1.87 4.0% 1.76 1.23-2.51 992,1018
Chronic lung disease *

No 1.4% NA NA 2.1% 1.00 0.094 10274, 10346

Yes 0.0% NA NA 5.4% 1.82 0.90-3.69 176, 186
Number of travels past 12m

1 travel 1.0% 1.00 <0.001 1.6% 1.00 <0.001 6560, 6601

2 travels 1.7% 1.82 1.25-2.67 2.8% 1.80 1.32-2.45 2757, 2788

3 travels 2.3% 2.60 1.58-4.28 3.9% 2.66 1.79-3.96 894, 908

4 travels 2.7% 3.10 1.40-6.36 4.9% 3.08 1.70-5.60 299, 306

> 5 travels 3.9% 4.70 2.30-9.62 3.5% 2.28 1.08-4.81 229, 228
Diarrhoea during travel past 12m

No 1.2% 1.00 <0.001 2.0% 1.00 <0.001 9925, 10001

Yes, during one travel 3.1% 2.42 1.50-3.93 5.6% 2.72 1.86-3.97 644, 661

Yes, during two or more travels 6.3% 3.08 1.29-7.35 6.3% 1.73 0.68-4.41 96, 96
Antibiotic use in Norway past yb

No 1.2% 1.00 <0.001 1.8% 1.00 <0.001 8529, 8582

Yes 2.1% 1.84 1.29-2.62 3.8% 2.18 1.65-2.89 2210, 2249

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio; NA, not applicable; m, months

*Study population: 10739 travelers (i.e. excluding 262 travelers who purchased antibiotics abroad with prescription)

**Study population: 10831 travelers (i.e. excluding 170 travelers who purchased antibiotics abroad without prescription)

TAdjusted for age, sex, number of travels abroad past 12 months, and purchase of antibiotics in Norway.

* Adjusted for age, sex, household income, childhood mostly lived abroad, hospital admission, number of travels abroad past 12 months, and purchase of antibiotics in
Norway.

9 Denominators refer to number of participants included in the multivariable regression analyses for each independent variable (i.e. household income), or for a
subgroup of each variable (i.e. 2 travels) and may vary due to missing information.

* Chronic bronchitis/emphysema/COPD

® Data from the Norwegian Prescription Database

https://doi.org/10.1371/journal.pone.0228792.t002
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Table 3. Any purchase of antibiotics abroad vs. proportion of non-prescription purchase abroad by country, among 8159 travelers who visited one country only in
the past year.

Travel destination Number of travelers Any antibiotic purchase abroad* Non-prescription purchaset
(n) % 95% CI (n) % 95% CI

Thailand 382 41 10.7% 7.8-14.3 17 42.5% 26.3-57.9
Turkey 544 30 5.5% 3.8-7.8 18 60.0% 40.6-77.3
Spain 3227 116 3.6% 3.0-4.3 36 31.0% 22.8-40.3
France 275 9 3.3% 1.5-6.1 2 25.0% 2.8-60.0
Portugal 158 4 2.5% 0.7-6.4 2 50.0% 6.8-93.2
Italy 373 7 1.9% 0.8-3.8 4 57.1% 18.4-90.1
Greece 1106 20 1.8% 1.1-2.8 8 40.0% 19.1-63.9
More than one country® 2842 151 5.3% 4.5-6.2 66 43.7% 35.7-52.0
One country onlyb 8159 277 3.4% 3.0-3.8 104 37.5% 31.8-43.5

CI, confidence interval

“In the past year

"Non-prescription purchase abroad as a proportion of any antibiotic purchase abroad in the past year
* Travelers having visited more than one country in the past year (n = 2842)

® Travelers having visited only one country in the past year (n = 8149)

https://doi.org/10.1371/journal.pone.0228792.t1003

only and 43.7% (35.7-52.0) among those having been to more than one country. Purchase of
antibiotics both with and without prescription among 22 travelers, was most frequently associ-
ated with having visited Spain (n = 6), Turkey (n = 3) and Thailand (n = 3).

Discussion

This large representative population study confirmed that adult people in Norway are frequent
international travelers and that those who travel abroad are more likely to report high socio-
economic status, healthy behaviours, good health and having lived mostly abroad during child-
hood. Overall, a small proportion of travelers had bought antibiotics abroad in the past year. A
small minority reported non-prescription purchase. Both by-prescription and non-prescrip-
tion purchase had a strong dose-response relationship with number of travels and diarrhoea
and were associated with antibiotic use in Norway in the past year. Non-prescription purchase
was more likely among women and younger travelers, whereas by-prescription purchase was
associated with low income, growing-up abroad and recent hospital admission, suggesting dif-
ferent reasons for these practices. Thailand, Turkey and Spain were the travel destinations
most commonly associated with any antibiotic purchase abroad and the proportion of non-
prescription purchase varied between countries.

Strengths and limitations

To our knowledge, this is the first study of international travelers from a high-income country
investigating their purchase of antibiotics abroad both with and without prescription, and
relating this to national registry data on antibiotic use in their home country. An important
methodological strength underlying our findings is that we used data from a representative
sample of the Norwegian population of around 20,000 people aged >40 years in Tromse 7,
thereby avoiding the substantial selection bias related to sampling online, in travel clinics or
at other convenience venues. A major strength also includes the high attendance rate. Despite
this, the very low proportion reporting non-prescription purchase of antibiotics abroad ham-
pered the statistical power of some subgroup analyses.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228792  February 13, 2020 9/14


https://doi.org/10.1371/journal.pone.0228792.t003
https://doi.org/10.1371/journal.pone.0228792

@ PLOS|ONE

Travel destinations and purchase of non-prescription antibiotics abroad among residents in Norway

The age restricted sample is a limitation as antibiotic use in the population in Norway varies
with age and is higher among older people [21]. Unfortunately, the participants were not asked
about the purpose of their trip, such as holiday, work or study, and only travels longer than one
week were included. However, very few in the non-travel group reported antibiotic purchase
abroad, indicating that this rarely occurred during shorter travels. It is a limitation that purchase
of antibiotics abroad was self-reported and thus prone to bias due to poor recall, social-desirabil-
ity and/or misclassification, however, this may be the only possible approach to obtaining this
information. In an internet survey in Norway in 2015, 97% of 11,500 respondents answered that
antibiotics are medicines used for bacterial infections, indicating that people in Norway know
what antibiotics are and therefore, we assume that misclassification bias in our study was low
[31]. We recognize the limitations that it was not asked about the type of antibiotic being pur-
chased, reasons for taking it, if participants had brought their own antibiotics from home, par-
ticipants’ country of origin, and that only one country could be reported for each travel episode.
Finally, the questions on travel destinations and purchase of antibiotics abroad were not directly
linked and, therefore, only associations between country and purchase could be inferred.

Comparison with other studies

The high prevalence of international travel among adults in Norway may be due to the rela-
tively high income, low unemployment rate, high living costs, and the long cold winters, all of
which could make travel to cheaper foreign destinations more attractive [17]. Our findings
that people with high income and education were more likely to report travel abroad corre-
spond with other studies as this group has the resources and opportunities to travel [15]. In
line with this, travelers had a favorable health-risk profile, including nonsmoking and high
physical activity [32, 33]. Furthermore, people of higher socioeconomic status are more likely
to consume alcohol and tend to drink more frequently than those of lower status, as also
observed among the travelers in our study [34]. The strong association between having lived
mostly abroad during childhood and international travel in adult life could partly be due to
migrants going back to visit their country of origin [35].

Although participants had travelled extensively to countries where non-prescription antibi-
otic purchase is possible, only a small proportion had used the opportunity. This desired
behaviour may be explained by awareness of the risks associated with self-medication and/or
unawareness of the non-prescription availability [13, 26]. However, purchase with prescription
was also rare which could be due to travelers’ good health/few infections, previous experience
of self-limiting infections, distrust in medication abroad, lack of information on where to get
medication, and/or knowledge that antibiotics do not cure viral infections. Cultural views of
which conditions that need antibiotic treatment may also have influenced the low overall low
use [36]. The Eurobarometer survey 2016 found that over-the-counter selling in pharmacies is
among the main causes for non-prescription antibiotic use and that those having been exposed
to information on prudent use were more knowledgeable about the subject and more likely to
obtain antibiotics from a medical practitioner [26]. However, this survey did not assess non-
prescription purchase of antibiotics during travel abroad. A population survey in Denmark in
2003 found that 1% reported non-prescription purchase during travel abroad the past 12
months, suggesting that despite the boom in international travel this practice has remained
low among people in Scandinavia [37].

The considerable dose-response association observed between both non-prescription and
by-prescription purchase and number of travels in our study suggests that, although preva-
lence was low, increased exposure is a strong determinant for purchase among travelers from
countries with strictly regulated antibiotic sales. In line with this, a study among immigrants
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from low-use country Finland, living permanently in Spain, found that 40% had purchased
non-prescription antibiotics for common flu the past 6 months [38].

The strong association between diarrhoea during travel and purchase of antibiotics abroad
detected in our study was also found in a Dutch travel study where half of those who had used
antibiotics to cure diarrhoea had bought it locally over-the-counter [39]. Norwegian guidelines
do not recommend prophylactic prescription of antibiotics to travelers [22].

Among the most frequently visited destinations, non-prescription purchase of antibiotics
abroad was most commonly reported by travelers to Thailand and Turkey where multiple
types of antibiotics are easily available in pharmacies without prescription [20, 40].

Implications for practice and future research

Future research on this topic should ask about the purpose and length of the trip, country of
purchase, antibiotic type, reasons for taking it, bringing antibiotics from home, participants’
country of origin, and address other sources for self-medication. People younger than 40 years
should be included. However, one may argue that research rather should be conducted in
countries where non-prescription sales are more prevalent. There is a need for well-designed
studies on non-prescription supply of antibiotics to identify how level of enforcement of legis-
lation is associated to non-prescription use and develop policy options aimed at strengthening
prudent antibiotic use [6].

Conclusions

Overall, a small proportion of travelers had bought antibiotics abroad. Low prevalence of non-
prescription purchase may reflect little need for antibiotics during travel, awareness of the
risks associated with self-medication, cultural views, unawareness of the non-prescription
availability, and/or the longstanding tradition of low antibiotic use in Norway.

Supporting information

S1 Table. The 148 countries visited and number of travels (by country) among 11001 par-
ticipants reporting travel >1 week duration outside the Nordic countries in the past year.
(DOCX)

S2 Table. Factors associated with any antibiotic purchase abroad among 11001 partici-
pants reporting international travel in the past year.
(DOCX)
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