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Background (219/200 words)

Travellers’ diarrhoea (TD) is a common health problem among visitors to the (sub)tropics. Much research
deals with aetiology, prevention, and post-infection sequalae, yet the data may not allow comparisons due to

RI
PT

incompatible definitions of TD and No TD control groups.

Method

The impact of defining TD and No TD control groups was explored by revisiting our recent data. We set up

SC

two TD groups: classical TD i.e. ≥3 loose or liquid stools/day and WHO TD (diarrhoea as defined by the

travel, no ongoing classical/WHO TD).

Results

M
AN
U

WHO) i.e. any diarrhoea, and four No TD groups by TD definition and timing (no classical/WHO TD during

TE
D

TD was recorded for 37% versus 65% of subjects when using classical versus WHO definitions,
respectively; the proportions of the various pathogens proved similar. The strictest criterion for the No TD
control group (no WHO TD during travel) yielded pathogens among 61% and the least strict (no ongoing

EP

classical TD) among 73% of the travellers; the differences were greatest for enteroaggregative Escherichia

AC
C

coli and Campylobacter.

Conclusions

Definition of TD and control group design substantially impact on TD study results. The WHO definition
yields more cases, but the pathogen selection is similar by both definitions. Design of the No TD control
group was found critical: only those remaining asymptomatic throughout the journey should be included.
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1. INTRODUCTION
Travellers’ diarrhoea (TD) is contracted by 10–40% of travellers to middle- or low-income
countries [1]. A great deal of research has been conducted on its aetiology [1-19], prevention, risk factors
[20-22] and associated consequences, such as acquisition of multiresistant Enterobacteriaceae [23-29] and

RI
PT

development of post-infectious irritable bowel syndrome [30-35]. The results of the various studies may,
however, not be comparable due to variation in defining TD and determining control groups; some
aetiological studies even lack control groups. [6,7,9,11,15,16]

SC

New molecular methods offer better coverage of pathogens [12,15,36,37] thus decreasing the
proportion of TD cases with unknown aetiology in various studies from almost half of the travellers
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U

[1,8,10,13] to as low as 5–24% [11,12,14,18,19].

Many studies have applied the definition of classical TD, i.e. the passage of three or more
watery or loose stools per day with or without one or more of the accompanying symptoms (nausea,
abdominal pain, vomiting) (below referred to as classical TD, Figure 1) [5]. The WHO, however, defines

TE
D

diarrhoea as the passage of three or more loose or liquid stools per day or, alternatively, more frequently than
is normal for the individual [38] (below referred to as the WHO TD, Figure 1). While the definitions overlap
with respect to moderate and most severe cases, the WHO definition covers a large group of cases (24–39%

EP

of all) not included in the classical definition at all: those with a mild clinical picture [5,14,18,39,40]. It
should be noted that bacterial findings have generally been found similar between travellers with mild and

AC
C

moderate/severe symptoms [7,16,18].

Studies applying PCR- and culture-based methods have revealed diarrhoeal pathogens in 9–

45% of the travellers without TD [3,4,10,12-14,17-19,41]. Pathogen findings in asymptomatic individuals
have been suggested to reflect the high sensitivity of new methods to detect low numbers of bacteria,
continuing excretion of pathogens in travellers with resolved symptoms, weaker pathogenicity of the strains
and/or host immunity [42]. Conversely, in some studies, the definition of the No TD control group has failed
to exclude travellers with mild TD [2,10,12,17,19,41] or resolved symptoms, [10,12,13,17,41]; even
individuals with no travel history have been used as controls [17]. Hence, investigations which suggest new
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pathogens to be associated with TD but provide no data on control groups should be confirmed by further
research [9].
We sought to understand the impact of TD definitions and accurate control groups on the
results of the TD studies. To this end, we investigated the TD and No TD definitions by reanalysing the data

RI
PT

of our previous study of 382 Finnish travellers with no antimicrobial use during travel. We chose to focus on
findings with enteroaggregative (EAEC), enteropathogenic (EPEC), and enterotoxigenic (ETEC)

Escherichia coli, and Campylobacter jejuni/coli, as these pathogens were associated with TD symptoms in

SC

our previous report [18].
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2. METHODS
2.1. Study population

We reanalysed our recent data [18] on pathogen findings of 382 travellers who had not
used antibiotics during their journey. They had provided pre- and post-travel stool samples and completed

RI
PT

questionnaires before and after travel. Recruitment of volunteers, handling of stool specimens, and

identification of bacterial pathogens were detailed in our previous reports [18,36]. The study protocol was
approved by the Ethics Committee of the Helsinki University Hospital. All participants had given written

SC

informed consent. For the same volunteers, we previously reported the findings of resistant

Enterobacteriacae [24,28], travel-related health problems [43], stool pathogen findings in various

2.2. Definitions of TD and No TD

M
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geographical regions [44] as well as of those 382 travellers who used no antimicrobials [18].

For the presence/absence of TD symptoms, the travellers were classified in three categories:

TE
D

Asymptomatic (no diarrhoea during travel), resolved TD (no TD at the time of sampling but TD during the
journey), and ongoing TD (ongoing TD at the time of sampling) (Figure 1).
The severity of TD was classified as mild if it comprised one or two loose or liquid stools per

EP

day without high fever or blood in stools, and moderate/severe with three or more diarrhoeal stools. The
classical TD definition covered those with moderate/severe TD, but not those with mild TD; the WHO TD

AC
C

definition covered all cases with diarrhoea (Figure 1).
The possible impact on the pathogen findings resulting from the use of various TD and No TD

definitions was approached by forming one group for each TD definition (classical versus WHO TD), and
four groups for the No TD definitions (no ongoing classical TD, no classical TD during travel, no ongoing
WHO TD, and no WHO TD during travel, Figures 1, 2, and 3). Assignment to group depended on whether
travellers with resolved symptoms were included (no ongoing versus no TD during travel) and whether mild
symptoms were included (no classical versus WHO TD).
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2.4. Statistical analysis
For categorical variables, statistical analyses were carried out with Chi-square tests, Fisher’s
exact test, or binary logistic regression analysis when applicable. The binominal regression model was used
in order to obtain profile likelihood confidence intervals. Statistical significance was defined as p<0.05 or

RI
PT

when confidence intervals did not overlap. The statistical analysis was conducted using SPSS 22 software
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(IBM Corp, Armonk, NY).
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3. RESULTS
3.1. Traveller demographics, itineraries, and pathogen findings
This study comprised 382 volunteers who had not taken antimicrobials during travel outside
Nordic countries. Demographic and travel data have been described in detail in our previous article [18]. In

RI
PT

brief, 233 (61%) travellers were women and 149 (39%) men. The median age was 36 years (IQR 27), and the
median duration of travel was 16 days (IQR 10). The most popular destination was Sub-Saharan Africa (171
travellers; 45%), followed by South East Asia (91; 25%), South Asia (52; 14%), and Latin America (36;

SC

9%).

The results of the PCR analyses for pathogens have been reported earlier [18]. In brief, a
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bacterial pathogen was detected in 75% of post-travel samples: EPEC (46%) and EAEC (45%) were the
most common findings, followed by ETEC (20%), and Campylobacter (7%). Multiple pathogens were found
in 40% of post-travel samples.

TE
D

3.2. Proportions of travellers with TD by classical or WHO criteria
The difference between the two TD definitions concerns those with mild symptoms: they are

EP

defined as TD cases only when the WHO definition is used (Table 1). In the present data, 107/242 (44%)
travellers in our study population had mild TD (ongoing or resolved). Diarrhoeal symptoms experienced

AC
C

during travel or immediately after return were classified as TD for 140 (37%) cases if the classical TD
criteria were used, and for 247 (65%) if applying the WHO criteria. At the time of post-travel stool sampling,
73 (19%) had ongoing TD by classical and 115 (30%) by WHO criteria, and among 67 (18%) and 132 (35%)
the symptoms had already resolved, respectively.

3.3. Comparison of pathogen findings when using classical and WHO TD definitions
For ongoing TD, the proportions of pathogens proved similar regardless of the TD definition
used, classical or WHO (table 1). Applying the classical TD criteria yielded one or more pathogens in 61
9
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(84%) stool samples, EPEC in 41 (56%), EAEC in 39 (53%), ETEC in 31 (42%), and Campylobacter in 6
(8%). The respective figures with the WHO criteria gave one or more bacterial pathogens in 96 (83%) stool
samples, EPEC in 63 (55%), EAEC in 58 (50%), ETEC in 42 (37%), and Campylobacter in 9 (8%).
Likewise, for those with resolved symptoms, the findings were similar with both TD

RI
PT

definitions (classical and WHO) (Table 1). In contrast, when compared to those with ongoing TD, the
proportions of EPEC and ETEC were lower among travellers with resolved, compared to ongoing symptoms

M
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U

3.4. Proportions of travellers in No TD control groups

SC

with both definitions, whereas for EAEC and Campylobacter, the difference was not significant.

When No TD was defined as no ongoing TD symptoms at the time of post-travel stool
sampling (but possibly during travel), 309 (81%) and 267 (70%) travellers were categorised into the control
group according to the classical and WHO criteria, respectively.

When travellers with resolved symptoms were excluded from the No TD control groups, the

TE
D

classical criteria yielded 242 TD cases (63%; no classical TD during travel) and, if also excluding those with

EP

mild symptoms, i.e. using the WHO criteria (no WHO TD during travel), gave 135 (35%) cases as No TD.

3.5. Comparison of bacterial findings with different definitions for No TD control group

AC
C

If the No TD control group was described as no ongoing TD at the time of sampling, a

pathogen was detected in 73% (95% CI 68-78%) and 72% (66-77%) of cases by the classical and WHO TD
criteria; Campylobacter was found in 7% (4-10%) and 6% (4-10%), and EAEC in 43% (37-48%) and 42%
(36-48%) of cases, respectively.

If the No TD control group was defined as no TD during travel, the proportion of travellers
with positive pathogen findings was 70% (64-77%) versus 61% (52-69%) when using the classical versus
WHO definitions, respectively; Campylobacter was found in 4% (2-7%) and 1% (95% CI 0-3%), and EAEC
in 37% (31-43%) and 28% (21-36%) of cases, respectively.
10

ACCEPTED MANUSCRIPT

3.6. Impact of No TD definitions on the interpretation of causative agents for TD
The No TD definition used had an impact on the interpretation of the role of each pathogen as
causative agent of TD (Table 1): when no classical TD during travel was chosen as the No TD control group,

RI
PT

travellers with ongoing symptoms did not differ from controls with respect to EPEC and Campylobacter
findings. When travellers with resolved symptoms were included in the control groups (no ongoing classical
or WHO TD), no significant differences were found for EAEC and Campylobacter.

SC

When the No TD control group comprised only travellers without any diarrhoeal symptoms
during the journey (no WHO TD during travel), EPEC, EAEC, ETEC, and Campylobacter were all

AC
C

EP

TE
D

M
AN
U

significantly more prevalent among those with ongoing TD than in the No TD control group.
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4. DISCUSSION
Diarrhoea remains the most common reason for travellers to contact health care both when on
a journey and after their return [43,45-47]. The aetiology and consequences of TD have been widely studied,
but the comparability and even reliability of various studies may have been jeopardized by incompatible

RI
PT

definitions used for TD and No TD control groups. We scrutinised these differences by revisiting the
findings of our aetiological study and comparing the results obtained when applying the differing criteria.

SC

4.1. Definition of TD: classical versus WHO
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U

The major difference between the two definitions (classical and WHO) concerns cases with
mild diarrhoea: these are included in the WHO definition, while the classical criteria only denote cases with
three or more unformed stools with or without additional symptoms. The population with mild symptoms
was substantial, 44% of all subjects. This indicates a significant effect on the number of TD cases: they were
recorded by 37% versus 65% when evaluating by the classical versus WHO criteria, respectively. Indeed, the

TE
D

definition of TD is evidently reflected in the number of cases recorded. Comparing TD risk between various
regions is valid only when using the same TD definition. For this reason, we suggest that when analysing TD

EP

rates, the results should be reported according to both (classical and WHO) definitions.

AC
C

4.2. Pathogen findings among travellers with ongoing TD
Travellers with milder symptoms are in many studies excluded from subject groups [15,48] or

included in the No TD group [10,13]. Findings among such subjects with mild symptoms are only described
in a few papers [5,7]. Our previous report on the same travellers [18], however, did not show significant
differences between those with mild symptoms and those with moderate or severe symptoms in the
pathogens detected, a finding consistent with the studies by Jiang et al [7] and Frickmann et al [16]. With
respect to pathogen findings of EPEC, EAEC, ETEC, and Campylobacter, both definitions (classical and
WHO) for TD are applicable.

12
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We recommend that studies of the aetiology of TD use the WHO definition to ensure that the
No TD group is fully asymptomatic. On the other hand, as antibiotics should only be considered for severe
diarrhoea, the classical definition appears reasonable for studies comparing various antibiotics. This also
applies to research exploring preventive strategies: the definition should be made according to purpose

enable subgroup analyses of the various cases.

SC

4.3. Pathogen findings among travellers with resolved symptoms

RI
PT

(which degree of severity prevention is aimed at). Also in such studies, recording milder symptoms would

We scrutinized separately travellers with resolved TD because in some studies they have been
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categorised into TD and in others into no ongoing TD groups. Our results suggest that if travellers with
resolved TD are included in the TD group, the proportions of EPEC and ETEC will be underestimated. By
contrast, the results of the comparison between those with resolved symptoms with the controls (no TD
during travel) depended of by TD criteria used: when we applied the classical criteria, ETEC and

TE
D

Campylobacter proved more prevalent among travellers with resolved symptoms than in the control group;
when we applied the WHO criteria the difference was significant for EAEC and Campylobacter. It thus
appears that certain pathogens are found in the stools after the symptoms have resolved, a finding consistent

EP

with extended excretion of nontyphoidal Salmonella [49] and Campylobacter jejuni [50] for weeks after
recovery from clinical illness. Diarrhoeagenic Escherichia coli have also been found in faecal samples after

AC
C

the resolution of symptoms [18,41]: in the research by Adachi et al [41], the proportion of travellers with
EAEC increased over the four study weeks. Indeed, the findings of travellers with diarrhoea during any time
of travel should be analysed separately from those asymptomatic throughout the journey, irrespective of time
elapsed between resolution of symptoms and stool sampling.

4.4. Pathogen findings among four different No TD control groups
The main point where the definitions of No TD groups differ concerns inclusion of travellers
with resolved and/or mild symptoms: when defined most strictly, i.e. absence of any, even mild, diarrhoeal
13
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symptoms throughout the journey (no WHO TD during travel), a pathogen was detected in the stool samples
of 61% of the travellers. By contrast, if No TD was defined by the least strict definition, i.e. not having
ongoing moderate/severe diarrhoea (no ongoing classical TD) at the time of sampling, 73% of the travellers
had one or more pathogens; the respective figures were 28% and 43% for EAEC, and 1% and 7% for

RI
PT

Campylobacter. As the pathogen findings between the No TD groups differ substantially by definition, we
recommend that the composition of the control groups should be described in greater detail in future studies.

SC

4.5. Possible impact of No TD definitions on results of aetiological studies of TD

The definition of TD and control group design were also reflected in the evaluation of the role
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of the pathogens causing the symptoms. Had the TD group in our study been defined as ‘ongoing classical
TD’ and the No TD group as ‘no classical TD during travel' (i.e. those with ongoing and resolved mild
symptoms included in control group) (Table 1), no difference would have been found in the EPEC and
Campylobacter rates. If, on the other hand, travellers with resolved symptoms (either classical or WHO) had

TE
D

been included in the No TD control group, EAEC and Campylobacter would not have been observed as
significant pathogens. In contrast, when the No TD control group comprised only travellers without any
diarrhoeal symptoms (not even mild ones) during the journey, all four pathogens appeared significant. These

EP

examples may partly explain the differing results in studies analysing the role of some pathogens, for
example EAEC [3,51] and EPEC [3,10] in causing TD. Hence, the role of various pathogens should only be

AC
C

evaluated in study settings with a No TD control group comprising those fully asymptomatic (not showing
even mild symptoms) during the journey.

4.6. Limitations

The stool samples were collected only after return, thus allowing new bacteria to possibly
colonize the intestine in cases with resolved TD and, likewise, some pathogens to disappear; ETEC, for
example, is known to vanish rather quickly [18,41,52]. As for the limitations of the PCR method per se, they
have been discussed in our previous article [18].
14
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4.7. Conclusion
Our data imply that specifying No TD is at least equally important as defining TD. This
applies not only to studies of the aetiology of TD but most likely also to those presenting risk factor analyses

RI
PT

or evaluations of post-infection sequelae, such as irritable bowel syndrome or colonization with

multiresistant Enterobacteriaceae. The classical and WHO definition of TD yielded identical selections of
pathogens, a finding suggesting that the criteria for TD can be chosen according to focus of study. However,

SC

further attention should be paid to No TD control group design and findings among travellers with resolved
TD symptoms: No TD groups should only consist of travellers who have not shown any gastrointestinal
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symptoms throughout the journey.
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D
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Figure 2. Definitions of TD and No TD when applying classical criteria for TD

Figure 3. Definitions of TD and No TD when applying the WHO criteria for TD
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Table 1. Findings of EPEC, EAEC, ETEC, and Campylobacter in relation to TD symptoms among 382
travellers not having taken antibiotics during their journey. The findings are presented separately for TD
defined by classical and WHO criteria, and whether TD was ongoing, resolved, or absent. Statistical
comparisons are given for the various TD and No TD definitions, the data showing the significance of

95%
CI*

n (%)
382

Any bacterial
pathogen
95%
n (%)
CI*
287 (75)

EPEC

EAEC

95%
CI*

n (%)
174 (46)

n (%)

95%
CI*

171 (45)

SC

All travellers

RI
PT

definitions and the apparent role of EPEC, EAEC, ETEC, and Campylobacter as causative agents for TD.

Ongoing TD

ETEC

95%
CI*

n (%)

76 (20)

Campylobacter
n (%)

95%
CI*

26 (7)

73 (19)

15-23

61 (84)

74-91

41 (56)

45–67

39 (53)

42–65

31 (42)

32–54

6 (8)

3–16

WHO TD definition

115 (30)

26-35

96 (83)

76–90

63 (55)

46–64

58 (50)

41–60

42 (37)

28–46

9 (8)

4–14

74–91

25 (37)

26-49

42 (63)

51-74

12 (18)

10-28

10 (15)

8-25

76-88

54 (41)

33-49

75 (57)

48-65

22 (17)

11-24

16 (12)

7-18

68–78

133 (43)

38–49

132 (43)

37–48

45 (15)

11–19

20 (7)

4–10

66–77

111 (42)

36–47

113 (42)

36–48

34 (13)

9–17

17 (6)

4–10

No ongoing TD symptoms at the time of stool sampling
-TD resolved
Classical TD definition

67 (18)

14-22

56 (84)

WHO TD definition

132 (35)

30-39

109 (83)

Classical TD definition

309 (81)

77-85

226 (73)

WHO TD definition

267 (70)

65-74

191 (72)

TE
D

-No ongoing TD control group

-No TD during travel control group
Classical TD definition

242 (63)

WHO TD definition

135 (35)
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Classical TD definition

58-68

170 (70)

64–77

108 (45)

38–51

90 (37)

31–43

33 (14)

10–18

10 (4)

2–7

31-40

82 (61)

52–69

57 (42)

34–51

38 (28)

21–36

12 (9)

9–14

1 (1)

0–3

Univariate statistics for Classical TD definition

Classical TD ongoing vs. No
Classical TD during travel

OR (95% CI)

1.9 (1.0-3.6)

1.7 (1.0-2.8)

1.5 (0.9-2.6)

4.3 (2.5-7.6)

1.3 (0.5-3.3)

P

0.064

0.043

0.098

<0.001

0.606

OR (95% CI)

2.2 (1.1-4.2)

1.6 (0.9-2.7)

1.9 (1.1-3.3)

4.7 (2.6-5.4)

2.1 (0.7-5.9)

EP

Classical TD ongoing vs. No
Classical TD ongoing

0,027

0,085

0,014

<0.001

0,171

OR (95% CI)

2.2 (1.1-4.4)

0.7 (0.4-1.3)

2.8 (1.6-5.0)

1.4 (0.7-2.9)

4.0 (1.6-10.2)

P

0,032

0,286

<0.001

0,382

0,003

Classical TD resolved vs.
Classical TD ongoing

OR (95% CI)

1.0 (0.4-2.5)

0.5 (0.2-0.9)

1.5 (0.7-2.9)

0.3 (0.1-0.6)

P

0.997

0.026

0.268

0.002

0.213

OR (95% CI)

3.3 (1.8-6.0)

1.7 (1.0-2.7)

2.6 (1.5-4.4)

5.9 (2.9-11.9)

11.4 (1.4-91.2)

P

<0.001

0.048

<0.001

<0.001

0.022

OR (95% CI)

2.0 (1.1-3.5)

1.7 (1.1-2.6)

1.4 (0.9-2.2)

3.9 (2.3-6.7)

1.2 (0.5-2.9)

P

0,013

0,017

0,144

<0,001

0,603

OR (95% CI)

3.1 (1.7-5.4)

0.9 (0.6-1.5)

3.4 (2.0-5.6)

2.1 (1.0-4.3)

18.5 (2.4-141.5)

P

<0,001

0,828

<0,001

0,060

0,005

AC
C

P

Classical TD resolved vs.
No Classical TD during
travel

2.0 (0.7-5.7)

Univariate statistics for WHO TD definition
WHO TD ongoing vs
no WHO TD during travel
WHO TD ongoing vs
no WHO TD ongoing
WHO TD resolved vs.
no WHO TD during travel
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WHO TD resolved vs.
WHO TD ongoing

OR (95% CI)

0.9 (0.5-1.8)

0.6 (0.3-0.9)

1.3 (0.8-2.1)

0.4 (0.2-0.6)

1.6 (0.7-3.8)

P

0.851

0.030

0.316

<0.001

0.286
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C
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TE
D

M
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U

SC
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* 95% Confidence Intervals (CI) are profile likelihood intervals for %.

19

ACCEPTED MANUSCRIPT

RI
PT

References

[1]. Steffen R, Hill DR, DuPont HL. Traveler's diarrhea: a clinical review. JAMA 2015; 313: 71-80.
[2]. Mattila L, Siitonen A, Kyrönseppä H, Simula I, Oksanen P, Stenvik M, et al. Seasonal variation in

SC

etiology of travelers' diarrhea. Finnish-Moroccan Study Group. J Infect Dis 1992; 165: 385-8.

[3]. Keskimäki M, Mattila L, Peltola H, Siitonen A. Prevalence of diarrheagenic Escherichia coli in Finns

M
AN
U

with or without diarrhea during a round-the-world trip. J Clin Microbiol 2000; 38: 4425-9.
[4]. Schultsz C, van den Ende J, Cobelens F, Vervoort T, van Gompel A, Wetsteyn JC, et al. Diarrheagenic
Escherichia coli and acute and persistent diarrhea in returned travelers. J Clin Microbiol 2000; 38: 3550-4.
[5]. von Sonnenburg F, Tornieporth N, Waiyaki P, Lowe B, Peruski LF,Jr, DuPont HL et al. Risk and

TE
D

aetiology of diarrhoea at various tourist destinations. Lancet 2000; 356: 133-4.
[6]. Adachi JA, Jiang ZD, Mathewson JJ, Verenkar MP, Thompson S, Martinez-Sandoval F, et al.
Enteroaggregative Escherichia coli as a major etiologic agent in traveler's diarrhea in 3 regions of the world.

EP

Clin Infect Dis 2001; 32: 1706-9.

AC
C

[7]. Jiang ZD, Lowe B, Verenkar MP, Ashley D, Steffen R, Tornieporth N, et al. Prevalence of enteric
pathogens among international travelers with diarrhea acquired in Kenya (Mombasa), India (Goa), or
Jamaica (Montego Bay). J Infect Dis 2002; 185: 497-502.
[8]. Shah N, DuPont HL, Ramsey DJ. Global etiology of travelers' diarrhea: systematic review from 1973 to
the present. Am J Trop Med Hyg 2009; 80: 609-14.
[9]. Jiang ZD, Dupont HL, Brown EL, Nandy RK, Ramamurthy T, Sinha A, et al. Microbial etiology of
travelers' diarrhea in Mexico, Guatemala, and India: importance of enterotoxigenic Bacteroides fragilis and
Arcobacter species. J Clin Microbiol 2010; 48: 1417-9.

20

ACCEPTED MANUSCRIPT
[10]. Pandey P, Bodhidatta L, Lewis M, Murphy H, Shlim DR, Cave W, et al. Travelers' diarrhea in Nepal:
an update on the pathogens and antibiotic resistance. J Travel Med 2011; 18: 102-8.
[11]. Paredes-Paredes M, Okhuysen PC, Flores J, Mohamed JA, Padda RS, Gonzalez-Estrada A, et al.
Seasonality of diarrheagenic Escherichia coli pathotypes in the US students acquiring diarrhea in Mexico. J

RI
PT

Travel Med 2011; 18: 121-5.
[12]. Paschke C, Apelt N, Fleischmann E, Perona P, Walentiny C, Loscher T, et al. Controlled study on
enteropathogens in travellers returning from the tropics with and without diarrhoea. Clin Microbiol Infect

SC

2011; 17: 1194-200.

[13]. Riddle MS, Rockabrand DM, Schlett C, Monteville MR, Frenck RW, Romine M, et al. A prospective

M
AN
U

study of acute diarrhea in a cohort of United States military personnel on deployment to the Multinational
Force and Observers, Sinai, Egypt. Am J Trop Med Hyg 2011; 84: 59-64.

[14]. Lääveri T, Pakkanen SH, Antikainen J, Riutta J, Mero S, Kirveskari J, et al. High number of diarrhoeal
co-infections in travellers to Benin, West Africa. BMC Infect Dis 2014; 14: 81-2334-14-81.

TE
D

[15]. Zboromyrska Y, Hurtado JC, Salvador P, Alvarez-Martinez MJ, Valls ME, Mas J, et al. Aetiology of
traveller's diarrhoea: evaluation of a multiplex PCR tool to detect different enteropathogens. Clin Microbiol

EP

Infect 2014; 20: O753-9.

[16]. Frickmann H, Warnke P, Frey C, Schmidt S, Janke C, Erkens K, et al. Surveillance of Food- and

AC
C

Smear-Transmitted Pathogens in European Soldiers with Diarrhea on Deployment in the Tropics: Experience
from the European Union Training Mission (EUTM) Mali. Biomed Res Int 2015; 2015: 573904.
[17]. Bruijnesteijn van Coppenraet LE, Dullaert-de Boer M, Ruijs GJ, van der Reijden WA, van der Zanden
AG, Weel JF, et al. Case-control comparison of bacterial and protozoan microorganisms associated with
gastroenteritis: application of molecular detection. Clin Microbiol Infect 2015; 21: 592.e9-592.e19.
[18]. Lääveri T, Antikainen J, Pakkanen SH, Kirveskari J, Kantele A. Prospective study of pathogens in
asymptomatic travellers and those with diarrhoea: aetiological agents revisited. Clin Microbiol Infect 2016;
22: 535-41.

21

ACCEPTED MANUSCRIPT
[19]. van Hattem JM, Arcilla MS, Grobusch MP, Bart A, Bootsma MC, van Genderen PJ, et al. Travelrelated acquisition of diarrhoeagenic bacteria, enteral viruses and parasites in a prospective cohort of 98
Dutch travellers. Travel Med Infect Dis 2017.
[20]. Mattila L, Siitonen A, Kyrönseppä H, Simula II, Peltola H. Risk Behavior for Travelers' Diarrhea

RI
PT

Among Finnish Travelers. J Travel Med 1995; 2: 77-84.
[21]. Shlim DR. Looking for evidence that personal hygiene precautions prevent traveler's diarrhea. Clin
Infect Dis 2005; 41 Suppl 8: S531-5.

SC

[22]. DuPont HL, Ericsson CD, Farthing MJ, Gorbach S, Pickering LK, Rombo L, Steffen R, Weinke T.

M
AN
U

Expert review of the evidence base for prevention of travelers' diarrhea. J Travel Med 2009; 16: 149-60.
[23]. Paltansing S, Vlot JA, Kraakman ME, Mesman R, Bruijning ML, Bernards AT, et al. ExtendedSpectrum beta-Lactamase-producing Enterobacteriaceae among Travelers from the Netherlands. Emerg
Infect Dis 2013; 19: 1206-13.

[24]. Kantele A, Lääveri T, Mero S, Vilkman K, Pakkanen SH, Ollgren J, et al. Antimicrobials increase

Infect Dis 2015; 60: 837-46.

TE
D

travelers' risk of colonization by extended-spectrum betalactamase-producing Enterobacteriaceae. Clin

EP

[25]. Ruppe E, Armand-Lefevre L, Estellat C, Consigny PH, El Mniai A, Boussadia Y, et al. High Rate of
Acquisition but Short Duration of Carriage of Multidrug-Resistant Enterobacteriaceae After Travel to the

AC
C

Tropics. Clin Infect Dis 2015; 61: 593-600.
[26]. Reuland EA, Sonder GJ, Stolte I, Al Naiemi N, Koek A, Linde GB, et al. Travel to Asia and traveller's
diarrhoea with antibiotic treatment are independent risk factors for acquiring ciprofloxacin-resistant and
extended spectrum beta-lactamase-producing Enterobacteriaceae-a prospective cohort study. Clin Microbiol
Infect 2016; 22: 731.e1-731.e7.
[27]. Arcilla MS, van Hattem JM, Haverkate MR, Bootsma MC, van Genderen PJ, Goorhuis A, et al. Import
and spread of extended-spectrum beta-lactamase-producing Enterobacteriaceae by international travellers
(COMBAT study): a prospective, multicentre cohort study. Lancet Infect Dis 2017; 17: 78-85.

22

ACCEPTED MANUSCRIPT
[28]. Kantele A, Mero S, Kirveskari J, Lääveri T. Fluoroquinolone antibiotic users select fluoroquinoloneresistant ESBL-producing Enterobacteriaceae (ESBL-PE) - Data of a prospective traveller study. Travel
Med Infect Dis 2017; 16: 23-30.
[29]. Ruppe E, Andremont A, Armand-Lefevre L. Digestive tract colonization by multidrug-resistant

RI
PT

Enterobacteriaceae in travellers: An update. Travel Med Infect Dis 2017.
[30]. Ilnyckyj A, Balachandra B, Elliott L, Choudhri S, Duerksen DR. Post-traveler's diarrhea irritable bowel
syndrome: a prospective study. Am J Gastroenterol 2003; 98: 596-9.

SC

[31]. Okhuysen PC, Jiang ZD, Carlin L, Forbes C, DuPont HL. Post-diarrhea chronic intestinal symptoms

M
AN
U

and irritable bowel syndrome in North American travelers to Mexico. Am J Gastroenterol 2004; 99: 1774-8.
[32]. Stermer E, Lubezky A, Potasman I, Paster E, Lavy A. Is traveler's diarrhea a significant risk factor for
the development of irritable bowel syndrome? A prospective study. Clin Infect Dis 2006; 43: 898-901.
[33]. Pitzurra R, Fried M, Rogler G, Rammert C, Tschopp A, Hatz C, et al. Irritable bowel syndrome among

TE
D

a cohort of European travelers to resource-limited destinations. J Travel Med 2011; 18: 250-6.
[34]. Nair P, Okhuysen PC, Jiang ZD, Carlin LG, Belkind-Gerson J, Flores J, et al. Persistent abdominal
symptoms in US adults after short-term stay in Mexico. J Travel Med 2014; 21: 153-8.

EP

[35]. Lalani T, Maguire JD, Grant EM, Fraser J, Ganesan A, Johnson MD, et al. Epidemiology and selftreatment of travelers' diarrhea in a large, prospective cohort of department of defense beneficiaries. J Travel

AC
C

Med 2015; 22: 152-60.

[36]. Antikainen J, Kantele A, Pakkanen SH, Lääveri T, Riutta J, Vaara M, et al. A quantitative polymerase
chain reaction assay for rapid detection of 9 pathogens directly from stools of travelers with diarrhea. Clin
Gastroenterol Hepatol 2013; 11: 1300-7.
[37]. Liu J, Kabir F, Manneh J, Lertsethtakarn P, Begum S, Gratz J, et al. Development and assessment of
molecular diagnostic tests for 15 enteropathogens causing childhood diarrhoea: a multicentre study. Lancet
Infect Dis 2014; 14(8):716-24

23

ACCEPTED MANUSCRIPT
[38]. World Health Organization (WHO). Health topics: Diarrhea. Available at
http://www.who.int/topics/diarrhoea/en/. Accessed 21 January 2018
[39]. Pitzurra R, Steffen R, Tschopp A, Mutsch M. Diarrhoea in a large prospective cohort of European
travellers to resource-limited destinations. BMC Infect Dis 2010; 10: 231-2334-10-231.

study. BMC Infect Dis 2011; 11: 322-2334-11-322.

RI
PT

[40]. Soonawala D, Vlot JA, Visser LG. Inconvenience due to travelers' diarrhea: a prospective follow-up

[41]. Adachi JA, Ericsson CD, Jiang ZD, DuPont MW, Pallegar SR, DuPont HL. Natural history of

SC

enteroaggregative and enterotoxigenic Escherichia coli infection among US travelers to Guadalajara,

M
AN
U

Mexico. J Infect Dis 2002; 185: 1681-3.

[42]. Levine MM, Robins-Browne RM. Factors that explain excretion of enteric pathogens by persons
without diarrhea. Clin Infect Dis 2012; 55 Suppl 4: S303-11.

[43]. Vilkman K, Pakkanen SH, Lääveri T, Siikamäki H, Kantele A. Travelers' health problems and

TE
D

behavior: prospective study with post-travel follow-up. BMC Infect Dis 2016; 16: 328-016-1682-0.
[44]. Lääveri T, Vilkman K, Pakkanen SH, Kirveskari J, Kantele A. A prospective study of travellers'

2017.

EP

diarrhoea: analysis of pathogen findings by destination in various (sub)tropical regions. Clin Microbiol Infect

[45]. Hill DR. Health problems in a large cohort of Americans traveling to developing countries. J Travel

AC
C

Med 2000; 7: 259-66.

[46]. Harvey K, Esposito DH, Han P, Kozarsky P, Freedman DO, Plier DA, et al. Surveillance for travelrelated disease--GeoSentinel Surveillance System, United States, 1997-2011. MMWR Surveill Summ 2013;
62: 1-23.

[47]. Siikamäki H, Kivelä P, Fotopoulos M, Ollgren J, Kantele A. Illness and injury of travellers abroad:
Finnish nationwide data from 2010 to 2012, with incidences in various regions of the world. Euro Surveill
2015; 20: 15-26.

24

ACCEPTED MANUSCRIPT
[48]. DuPont HL, Petersen A, Zhao J, Mundt A, Jiang ZD, Miller S, et al. Targeting of rifamycin SV to the
colon for treatment of travelers' diarrhea: a randomized, double-blind, placebo-controlled phase 3 study. J
Travel Med 2014; 21: 369-76.
[49]. Buchwald DS, Blaser MJ. A review of human salmonellosis: II. Duration of excretion following

RI
PT

infection with nontyphi Salmonella. Rev Infect Dis 1984; 6: 345-56.
[50]. Blaser MJ, Reller LB. Campylobacter enteritis. N Engl J Med 1981; 305: 1444-52.

[51]. Sanders JW, Isenbarger DW, Walz SE, Pang LW, Scott DA, Tamminga C, et al. An observational

SC

clinic-based study of diarrheal illness in deployed United States military personnel in Thailand: presentation

M
AN
U

and outcome of Campylobacter infection. Am J Trop Med Hyg 2002; 67: 533-8.

[52]. Lindsay BR, Chakraborty S, Harro C, Li S, Nataro JP, Sommerfelt H, et al. Quantitative PCR and
culture evaluation for enterotoxigenic Escherichia coli (ETEC) associated diarrhea in volunteers. FEMS

AC
C

EP

TE
D

Microbiol Lett 2014; 352: 25-31.

25

