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Key messages

What is already known about this subject?
►► Enteropathogenic bacteria triggering reactive 
arthritis (ReA) are often contracted while 
visiting (sub)tropical countries in particular. 
Although diarrhoeagenic Escherichia coli (DEC) 
are the most common pathogens causing 
travellers’ diarrhoea (TD), studies are lacking 
of whether DEC acquisition is associated with 
musculoskeletal (MSK) symptoms.

►► Data are needed on how antibiotic treatment of 
TD influences development of MSK symptoms.

What does this study add?
►► This is the first prospective study employing 
multivariate analysis to: (1) investigate whether 
reactive MSK symptoms are associated with 
acquisition of DEC and (2) determine incidence 
of MSK symptoms and ReA among travellers 
with DEC.

►► Acquisition of DEC predisposes to development 
of MSK symptoms.

►► Development of MSK symptoms does not 
depend on the severity of TD.

►► Antibiotic use does not prevent development of 
MSK symptoms.

How might this impact on clinical practice or 
future developments?

►► Acquisition of DEC predisposes to development 
of MSK symptoms. Antibiotic use does not 
prevent them. Therefore, concern about 
potential MSK symptoms does not justify 
antibiotic treatment for TD.

►► As no vaccines are available, it appears that, 
today, the only reasonable approaches to 
prevent MSK symptoms are those decreasing 
the rate of exposure to intestinal pathogens.

Abstract
Objectives  Using a prospective research design, 
we evaluated the association between acquisition of 
diarrhoeagenic Escherichia coli (DEC) and development 
of reactive arthritis (ReA) and other reactive 
musculoskeletal (MSK) symptoms among international 
travellers.
Methods  A total of 526 study participants were asked 
to provide pretravel and post-travel stool samples 
and fill in questionnaires (pretravel, post-travel and 
3-week follow-up). A multiplex quantitative PCR 
assay was deployed to detect five DEC comprising 
enteroaggregative E. coli, enteropathogenic E. coli, 
enterotoxigenic E. coli, enterohaemorrhagic E. coli 
and enteroinvasive E. coli and Salmonella, Shigella, 
Campylobacter, Yersinia, and Vibrio cholerae. 
Multivariate analysis was employed to identify factors 
predisposing to MSK symptoms. New post-travel MSK 
symptoms reported by participants with DEC were 
assessed by phone interviews and, if needed, clinically 
confirmed.
Results  From among the total of 224 volunteers who 
returned all questionnaires and stool specimens, 38 
(17.0%) reported MSK symptoms. Multivariate analysis 
revealed that acquisition of DEC was associated with 
MSK symptoms (OR 3.9; 95% CI 1.2 to 13.3). Of the 151 
with only-DEC, four (2.6%) had ReA, two (1.3%) reactive 
tendinitis and three (2.0%) reactive arthralgia. ReA was 
mostly mild, and all patients with ReA were negative for 
human leucocyte antigen B27. Antibiotic treatment of 
travellers’ diarrhoea did not prevent development of MSK 
symptoms.
Conclusion  A total of 17% of volunteers reported 
post-travel MSK symptoms. DEC acquisition was 
associated with an increased risk of developing them, 
yet the ReA incidence remained low and the clinical 
picture mild. Antibiotic treatment did not protect against 
development of MSK symptoms.

Introduction
Reactive arthritis (ReA) is a sterile arthritis typically 
appearing subsequent to a gastrointestinal or geni-
tourinary infection. Salmonella, Yersinia, Shigella 
and Chlamydia trachomatis are considered the clas-
sical causative agents, but also Campylobacter and 
Escherichia coli can trigger ReA.1–6 These bacteria 
are usually contracted while visiting (sub)tropical 
countries. Although diarrhoeagenic E. coli (DEC) 
are the most common pathogens causing travel-
lers’ diarrhoea (TD),7–11 association between DEC 

acquisition and musculoskeletal (MSK) symptoms 
has not been explored to date in prospective studies 
among travellers recruited before departure.

Up to 78% of travellers with TD contract DEC, 
but asymptomatic carriage is not rare either.8–11 
There are five pathotypes of DEC: enteropatho-
genic E. coli (EPEC), enteroaggregative E. coli 
(EAEC), enterotoxigenic E. coli (ETEC), entero-
invasive E. coli (EIEC) and enterohaemorrhagic E. 
coli (EHEC).12 EIEC is closely related to Shigella, 
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Figure 1  Study flow chart. *Subjects who returned questionnaire and stool sample before and after journey plus follow-up questionnaire. 
**Osteoarthritis, similar symptoms before journey. DEC, diarrhoeagenic Escherichia coli; MSK, musculoskeletal; ReA, reactive arthritis; ReTe, reactive 
enthesitis and tendinitis; ReAlg, reactive arthralgia

indistinguishable from it by quantitative PCR (qPCR). While it is 
well known that Shigella triggers ReA,13 the various DEC require 
more research.

In ankylosing spondylitis (AS), both microscopic intestinal 
inflammation14 and increased IgA levels against E. coli15 16 have 
been described. AS and ReA both belong to spondylarthritides 
and may have similar aetiological and pathogenetic mecha-
nisms.17 In animal experiments, immunisation with E. coli O:14 
and its lipopolysaccharide (LPS) has induced chronic arthritis, 
with LPS and interleukin 1 detected in synovial and pannus 
cells in arthritic joints.18 Furthermore, a higher frequency of E. 
coli-reactive Th1 cells have been found in synovial fluid among 
patients with AS than those with rheumatoid arthritis, suggesting 
involvement of mucosal antigens in the pathogenesis of AS.19

Routine diagnostics of TD previously only covered Salmo-
nella, Shigella, Campylobacter and Yersinia; EHEC 0157 and 
Clostridium difficile were analysed on request. Consequently, 
DEC, the most common TD pathogens, often remained unrec-
ognised.20 Recently, however, multiplex qPCR methods covering 
a large variety of TD pathogens have revolutionised the diagnos-
tics.9 11 20 21 EPEC, EAEC and ETEC are the three most common 
TD pathogens worldwide, while Campylobacter ranks as major 
pathogen only among travellers to Southeast Asia; Salmonella 
and Shigella are less frequent.7 11 21 22

Some studies have described ReA triggered by E. coli following 
urinary tract3 23 24 and gastrointestinal infections.4–6 25 However, 
the studies are few, their participants were not recruited prospec-
tively before travel, controls with no pathogen findings were not 
included and the various DEC (particularly EAEC) were mostly 
not covered.

The first part of our bipartite traveller study examined the 
rate of MSK symptoms, seeking to identify travel-related factors 
predisposing to/preventing them in a prospective study design 
encompassing all the various DEC. The second part investigated 
the incidence and clinical picture of ReA.

Methods
Study design and patient involvement
This research was conducted parallel to a larger prospective 
investigation of the aetiology and clinical features of TD.11 20 21 
The current study is the first to present data on its rheumato-
logical findings. The subjects were recruited at their pretravel 
visits to the Travel Clinic of Aava Medical Centre, Helsinki, 
between March 2009 and February 2010. The volunteers were 
asked to provide pretravel and post-travel stool samples and to 
complete three questionnaires (pretravel, post-travel and 3-week 
follow-up). The questionnaires collected information on travel 
characteristics, symptoms (eg, TD and MSK) and medications 
(antibiotics, antidiarrhoeals and so on). We have published a 
detailed description of the questionnaires and data on behaviour 
and symptoms.26

Stool samples were analysed with a qPCR for nine bacterial 
pathogens: Salmonella, Yersinia, Campylobacter, Vibrio chol-
erae, Shigella/EIEC, EHEC, ETEC, EAEC and EPEC.20 The 
findings were categorised into four groups: (1) no pathogens, 
(2) only-DEC (no other pathogens but EPEC, EAEC, ETEC 
or EHEC), (3) only non-DEC (no DEC but Shigella/EIEC, 
Salmonella, Campylobacter, Yersinia or V. cholerae), and (4) 
DEC+non-DEC. To ensure that the only-DEC group would 
include no other pathogens, we categorised Shigella/EIEC (not 
distinguishable by qPCR) as non-DEC, Shigella a known risk 
factor of ReA.13 We report separately on the MSK symptoms of 
those with Shigella/EIEC.

The inclusion criteria comprised providing all three question-
naires and both pretravel and post-travel stool samples. For the 
first part, we included all such participants, and for the second 
part, those with only DEC in post-travel specimen and MSK 
symptoms in 3-week follow-up with questionnaires (figure 1). 
If no other explanation for MSK symptoms was evident (eg, 
osteoarthritis and trauma), we contacted the volunteers by tele-
phone for a comprehensive interview and, if needed, invited 
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Table 1  Pathogen findings in all 224 post-travel stool samples* 
and for 38 participants reporting MSK symptoms in the follow-up 
questionnaire

Participants with 
post-travel stool 
findings N

Participants reporting 
post-travel MSK 
symptoms among 
participants with stool 
findings indicated, N (%)

Total 224 38 (17.0)

No pathogens 51 4 (7.8)

Any pathogen 173 34 (19.7)

Multiple types of pathogens 86 18 (20.9)

EPEC 99 20 (20.2)

ETEC 45 8 (17.8)

EAEC 104 21 (20.2)

EHEC 20 5 (25.0)

Shigella/EIEC 3 1 (33.3)

Salmonella 6 1 (16.7)

Campylobacter 13 1 (7.7)

*Six (2.7%) pretravel stool samples were positive for EPEC, four (1.8%) for 
EAEC and one (0.5%) for Campylobacter; of these, solely a participant with 
Campylobacter in pretravel stools developed MSK. EAEC was found as the sole 
pathogen in the same individual’s post-travel stools.
EPEC enteropathogenic Escherichia coli; EAEC, enteroaggregative Escherichia coli; 
EHEC, enterohaemorrhagic Escherichia coli; EIEC, enteroinvasive Escherichia coli; 
ETEC, enterotoxigenic Escherichia coli; MSK, musculoskeletal.

them to visit a rheumatologist for clinical assessment. The phone 
interview covered their history of MSK diseases and a detailed 
account of MSK symptoms. Those requested for an appointment 
were subjected to clinical examination and analyses of human 
leucocyte antigen B27 (HLA-B27), rheumatoid factor (RF) and 
C reactive protein (CRP).

Written informed consent was obtained from all participants. 
The participants were not asked to assess the burden of the inter-
vention and time required to participate in the research.

Diagnostic criteria
ReA was defined as the development of synovitis (swelling 
accompanied by pain and/or painful movement) in a previ-
ously asymptomatic joint within 2 months after gastrointestinal 
symptoms. Inflammatory back pain (low back pain worsening at 
night) was also regarded as ReA.27 Reactive tendinitis and enthe-
sopathy (ReTe) were defined as tendinitis, heel or elbow pain, 
and limitation of joint movement without joint swelling, and 
reactive arthralgia (ReAlg) as pain in a previously asymptom-
atic joint not swollen and with a normal movement range. MSK 
symptoms among participants with previous rheumatological 
diagnosis were not defined as travel acquired.

TD was defined according to WHO criteria for diarrhoea.11 28 
Mild TD was defined as 1–2, moderate TD as 3–5 and severe TD 
as 6 or more loose or liquid stools or diarrhoea accompanied by 
fever and/or bloody stools or requiring hospitalisation.11

Statistical analysis
Data were analysed with SPSS software, V.22.0. Categorical vari-
ables were analysed by Pearson’s χ² test, Fisher’s exact test or 
binary logistic regression analysis when applicable. The following 
variables were subjected to multivariate analysis: gender, age as 
categorical variable, pathogen finding in post-travel stool sample 
(only-DEC, only non-DEC, DEC and non-DEC and no patho-
gens); severity of TD; and antibiotic use. Statistical significance 
was defined as p<0.05 or 95% CIs ranging only either above or 
below 1.

Results
The first part of this bipartite study concerns risk factors of post-
travel MSK symptoms, while the second describes the nature and 
incidence of clinical findings among those with DEC as the only 
travel-acquired pathogens. Our travellers visited sub-Saharan 
Africa (48.2%); Southeast Asia (21.4%); South Asia (10.7%); 
South and Central America and the Caribbean (10.7%); Europe, 
North America or Australia (5.8%); North Africa and Middle 
East (2.7%); and East Asia (0.4%).

Pathogen findings among all 224 travellers
Of the 526 subjects initially recruited,21 224 returned all three 
questionnaires and provided both stool samples. In pretravel 
specimens, the volunteers had few positive findings: six had 
(2.7%) EPEC, four (1.8%) EAEC and one (0.5%) Campylo-
bacter. Only the participant with Campylobacter developed 
MSK symptoms. As for post-travel samples, 173 (77.2%) partic-
ipants had at least one pathogen and 86 (38.5%) multiple types 
of pathogens: DEC was detected for 168 (75.0%); Shigella/EIEC 
for 3 (1.3%); Salmonella for 6 (2.7%); and Campylobacter for 
13 (5.8%) (table 1). DEC were the only pathogens identified for 
151 (67.4%), only non-DEC were detected for 5 (2.2%), DEC 
and non-DEC for 17 (7.6%) and no pathogens for 51 (22.8%). 
Among all of those with MSK and a DEC finding in post-travel 

stools, the DEC were travel acquired (no DEC in pretravel 
stools).

Part one
Risk factors of post-travel MSK symptoms
Of all 224 participants, 38 (17.0%) reported MSK symptoms 
in the follow-up questionnaire (tables  1 and 2). In total, 155 
(69.2%) contracted TD during the journey and 24 (15.5%) 
treated it with antibiotics. Scrutinising the relation between MSK 
symptoms and TD, we found that 18.7% (29/155) of those with 
and 13.0% (9/69) of those without TD reported MSK symp-
toms (OR 1.5, 95% CI 0.7 to 3.4; p=0.297). A closer look at 
antibiotic use among those 109 with TD during travel and only 
DEC in stools showed MSK symptoms for 27.3% (3/11) of those 
taking antibiotics and 19.4% (19/98) of those not taking (OR 
1.6; 95% CI 0.4 to 6.4, p=0.691).

In multivariate analysis, the findings of only-DEC were asso-
ciated with MSK symptoms (aOR 3.9, 95% CI 1.2 to 13.3). By 
contrast, no association was observed for TD, severity of TD, 
antibiotic use, age or gender (table 2).

Part two
MSK symptoms among travellers with only-DEC
Of the 151 participants with only-DEC in post-travel stools, 31 
(20.5%) reported MSK symptoms; one was not reached. Perusing 
the questionnaires, the symptoms of 12 participants were either 
considered unrelated to travel (eg, similar joint symptoms before 
journey) or ascribed to something else (eg, trauma and infec-
tion). Eighteen were interviewed by phone or invited for a clinic 
visit. Of these, nine had MSK symptoms related to some other 
disorder (eg, osteoarthritis). The joint symptoms of nine partici-
pants were considered newly acquired.

Three participants with Shigella/EIEC were not included in the 
only-DEC group, as described above. One reported MSK symp-
toms and was diagnosed with ReAlg in clinical examination.
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Table 2  Risk factors of musculoskeletal (MSK) symptoms

Total* MSK +† MSK –† Univariate statistics Multivariable statistics

P value OR (95% CI) P value aOR (95% CI)n (%) n (%) n (%)

Total 224 38 (17.0) 186 (83.0)

Gender

 � Male 83 (37.1) 9 (10.8) 74 (89.2) reference 1.0 reference 1.0

 � Female 141 (62.9) 29 (20.6) 112 (79.4) 0.061 2.1 (1.0 to 4.8) 0.117 2.0 (0.8 to 4.9)

Age

 � Mean±SD range 39.5+/-16.7
(0–72)

48.1+/-12.7
(21–67)

37.7+/-16.9
(0–72)

Age group (years)

 � 0–17 20 (8.9) 0 (0) 20 (100) n/a n/a

 � 18–30 57 (25.4) 5 (8.8) 52 (91.2) 0.656 0.7 (0.1 to 3.8) 0.353 0.4 (0.1 to 2.6)

 � 31–50 85 (37.9) 14 (16.5) 71 (83.5) 0.691 1.4 (0.3 to 6.8) 0.897 1.1 (0.2 to 5.9)

 � 51–64 46 (20.5) 17 (37.0) 29 (63.0) 0.083 4.1 (0.8 to 20.3) 0.131 3.6 (0.7 to 19.0)

 � Over 65 16 (7.1) 2 (12.5) 14 (87.5) reference 1.0 reference 1.0

Pathogen finding

 � Negative 51 (22.8) 4 (7.8) 47 (92.2) reference 1.0 reference 1.0

 � Only-DEC 151 (67.4) 31 (20.5) 120 (79.5) 0.047 3.0 (1.0 to 9.1) 0.030 3.9 (1.1 to 13.2)

 � Only non-DEC 5 (2.2) 0 (0) 5 (100) n/a n/a n/a n/a

 � DEC+non-DEC 17 (7.6) 3 (17.6) 14 (82.4) 0.085 2.5 (0.5 to 12.6) 0.111 4.5 (0.7 to 27.9)

TD during travel

 � No TD 69 (30.8) 9 (13.0) 60 (87.9) reference 1.0 reference 1.0

 � Mild TD 53 (23.7) 9 (17.0) 44 (83.0) 0.544 1.4 (0.5 to 3.7) 0.571 1.4 (0.5 to 4.2)

 � Moderate TD 62 (27.7) 14 (22.6) 48 (77.4) 0.156 1.9 (0.8 to 4.9) 0.272 1.8 (0.6 to 5.1)

 � Severe TD 40 (17.9) 6 (15.0) 34 (85.0) 0.775 1.2 (0.4 to 3.6) 0.585 1.4 (0.4 to 5.3)

Antibiotic use during travel‡

 � No AB 195 (87.1) 32 (16.4) 163 (87.6) reference 1.0 reference 1.0

 � AB for TD 24 (10.7) 5 (20.8) 19 (79.2) 0.586 1.3 (0.5 to 3.9) 0.311 2.0 (0.5 to 7.1)

 � AB other 5 (2.2) 1 (20.0) 4 (80.0) 0.831 1.3 (0.1 to 11.8) 0.460 2.5 (0.2 to 28.4)

*Percentages refer to proportion of risk factors.
†Percentages refer to proportion of participants with and without MSK symptoms for each risk factor.
‡Antibiotic regimens: 18 fluoroquinolones, 4 macrolides, 2 third-generation cephalosporins, 3 unknown and 5 others.
AB, antibiotic; aOR, adjusted OR; DEC, diarrhoeagenic Escherichia coli; TD, travellers' diarrhoea.

Table 3  Clinical picture of the four patients with reactive arthritis 
(ReA)

Patient 1 Patient 2 Patient 3 Patient 4

Age, years 48 47 50 50

Gender (M/F) M F F F

Pathogen EPEC
EAEC

EPEC EPEC EPEC

Affected joints Knees Toe; finger Feet; knees; 
elbows

Shoulder; 
elbow; wrist

Joint swelling − + − +

Arthtralgia + + + +

Low back pain + − + −

HLA-B27 antigen − − − −

Duration of ReA 
(months)

2 10 3 1

EAEC, enteroaggregative E.coli; EPEC, enteropathogenic Escherichia coli; F, female; 
M, male; ReA, reactive arthritis.

Clinical evaluation of nine participants with newly acquired 
MSK symptoms and DEC as only pathogen
Of the nine participants with reactive MSK symptoms, four met 
the criteria for ReA, two had ReTe and for the remaining three, 
ReAlg remained as diagnosis. The symptoms had appeared on 
average 21.5 (SD 23.5, range 0–56) days after TD. The mean 
duration of MSK symptoms was 82.8 days (SD 92.9, range 
2–300).

The mean age was 47.7 years (SD 7.6, range 30–56). Six 
(66.7%) were women and two had a history of ReA (one had 
ReA and the other ReTe in this study). Eight (88.9%) reported 
TD during travel. None of the nine participants had contacted 
healthcare due to TD, nor taken antibiotics. One (11.1%) 
reported urogenital symptoms during travel; none reported 
extra-articular symptoms like uveitis or erythema nodosum.

Of the nine participants, seven (including all four with ReA) 
were evaluated at the rheumatology clinic on average 5.9 months 
(SD 2.0, range 4–8) after the onset of joint symptoms. The clin-
ical picture was mostly mild. The affected joints of the four ReA 
patients were knees, shoulder, elbow, wrist, fingers and toes 
(table 3). At the time of clinical examination, only one patient 
with ReA still had synovitis 8 months after symptom onset and 
needed an intra-articular corticosteroid injection (left MTP I). 
Only one patient with ReA reported fever during diarrhoea, and 
three patients had had mild TD. Only one with ReTe was HLA-
B27 positive, while all four with ReA were HLA-B27 negative. 

The CRP values ranged between 3 mg/L and 6 mg/L. RF was 
negative for all seven.

Seven of the nine (77.8%) participants with ReA/ReTe/ReAlg 
had EPEC in their post-travel stools (table 4). Two had multiple 
pathogens, one EPEC and EAEC and the other EPEC and ETEC. 
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Table 4  Distribution of bacterial pathogens among patients with 
reactive musculoskeletal symptoms (n=9)

ReA n=4* ReTe n=2 ReAlg n=3†

EPEC 4 1 2

ETEC 0 1 1

EAEC 1 0 1

*One patient with two pathogens (EPEC+EAEC).
†One patient with two pathogens (EPEC+ETEC).
EAEC, enteroaggregative Escherichia coli ; EPEC, enteropathogenic Escherichia 
coli; ETEC, enterotoxigenic Escherichia coli ; ReA, reactive arthritis; ReAlg, reactive 
arthralgia; ReTe, reactive tendinitis and enthesitis.

Table 5  Outline of previous studies assessing musculoskeletal symptoms following Escherichia coli infection

Study (ref) Number of patients Type of DEC
MSK symptoms/ReA
n (%)

Clinical picture/duration of symptoms 
(months)

HLA-B27 status of those 
with MSK symptoms/
ReA

Locht and Krogfelt4 177 ETEC ReA: 10 (5.6) Not described / 5.5 Not examined

Rees et al29 22 E. coli O157:H7 ReA: 1 (4.5)* Pain in hands and feet Not examined

Schiellerup et al5 290 All E. coli 28 (9.7)/ 3 (1.0) Median VAS joint pain 35.5 mm 10% HLA-B27 positive

EPEC (n=17; 5.8%) 1 (5.9)

ETEC (n=112; 38.6%) 8 (7.1)

A/EEC (n=138; 47.6%) 16 (11.6)

VTEC (n=23; 7.9%) 3 (13.0)

Townes et al6 395 E. coli O157 35 (8.9)/1 (0.25) Described among other pathogens 
together

12% HLA-B27 positive†

*Infection with Campylobacter and concomitant diagnosis of ulcerative colitis.
†among all participants with ReA tested, comprising findings of Campylobacter, Salmonella, Shigella, E. coli O157 and Yersinia.
A/EEC, attaching and effacing E. coli (considered EPEC), E. coli O157; DEC, diarrhoeagenic E. coli; EPEC, enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; HLA-B27, human 
leucocyte antigen B27; MSK, musculoskeletal; ReA, reactive arthritis; VAS, visual analogue scale 0-100mm; VTEC, verocytotoxin (shigatoxin) producing E. coli.

All four with ReA had EPEC, one also had EAEC. None had 
EHEC.

Incidence of ReA, ReTe and ReAlg
On the basis of data on the 151 travellers with DEC as the sole 
pathogen, nine (6.0%) were diagnosed with travel-related ReA, 
ReTe or ReAlg, yielding for ReA an incidence of 2.6%, for ReTe 
1.3% and for ReAIg 2.0%.

Discussion
This is the first prospective study to have employed multivariate 
analysis in investigating whether reactive MSK symptoms are 
associated with acquisition of DEC and determining the inci-
dence of enterogenic ReA among travellers with DEC.

Our main finding was that acquiring DEC is, indeed, associ-
ated with development of MSK symptoms. This study features 
three merits not seen in the four largish investigations that have 
previously examined DEC as a trigger of reactive joint symp-
toms4–6 29: we collected stool samples prospectively, included 
control groups, and covered EAEC, one of the most frequently 
detected pathogens among travellers with TD (table 5). Besides 
EAEC, we also covered, using the multiplex qPCR assay, EPEC, 
ETEC, EIEC and EHEC.

In addition to this broad pathogen coverage, our prospec-
tive study design with pathogen-positive and pathogen-negative 
travellers allowed multivariate analysis of predisposing factors. 
Contrary to previous studies, we found no association between 
MSK symptoms and age, female sex or severity of TD, all of 
which have previously been associated with the development of 
MSK symptoms.2 5 30 31 We also looked at antibiotic treatment 
of TD, as some travel medicine researchers have speculated that 

it could prevent postinfectious sequelae such as ReA or irritable 
bowel syndrome.30 31 We found no association between devel-
opment of MSK symptoms and antibiotic treatment of TD. This 
accords with research showing that antibiotic treatment of infec-
tions caused by Campylobacter, ETEC or non-typhoidal Salmo-
nellae does not prevent postinfectious joint symptoms.32–35 To 
our knowledge, the present investigation is the first to scrutinise 
the relation between antibiotic treatment of TD and MSK symp-
toms among travellers.

The prospective study design allowed the very first evaluation 
of the incidence of various MSK symptoms among individuals 
with travel-acquired DEC. MSK symptoms were recorded for 
a considerable proportion (20.5%) of those with DEC as the 
sole post-travel pathogen; the incidence of ReA was 2.6%, ReTe 
1.3% and ReAlg 2.0%. These figures resemble those reported 
for volunteers only recruited after acquisition of some pathogen. 
For postinfectious joint symptoms, Schiellerup et al5 report an 
incidence of 9.7% among patients with DEC—none had definite 
and three (1.0%) had probable ReA. Townes et al6 describe ReA 
for 0.25%, and Rees et al29 report prolonged joint symptoms 
for 4.5% of participants with E. coli O157. Locht and Krogfelt4 
show joint symptoms among 16% of patients with Campylo-
bacter (n=173) and 6% with ETEC (n=177) over a 6-month 
follow-up. As for incidence of MSK symptoms among patients 
with other pathogens, in their systematic review, Ajene et al36 
found ReA in the samples of 0.9%–1.2% of subjects with Salmo-
nella, Shigella or Campylobacter,36 a rate according with that 
among our participants who had DEC. Finnish studies exploring 
ReA following infection with Salmonella, Shigella and Campy-
lobacter have reported incidences of 4.5%, 7% and 7%, respec-
tively.2 13 37 In our investigation, the symptoms of ReA mostly 
remained mild, although one patient had arthritis persisting over 
8 months. All our patients with ReA were negative for HLA-
B27, a finding according with a previous study, which found no 
relation between HLA-B27 and MSK symptoms following an 
infection with E. coli.5 Low prevalence of HLA-B27 and mild 
clinical course have also been reported among other pathogens 
triggering ReA in population-based studies.2 6 13 37

In previous studies, the microbe triggering ReA has often 
remained unidentified. Fendler et al38 report a causative 
pathogen in 56% of ReA cases and, on the other hand, among 
47% of patients with undifferentiated oligoarthritis without 
preceding symptoms of infection. Our data show a bacterial 
pathogen for 87.9% of travellers with MSK symptoms and all 
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of those with ReA. Interestingly, the development of MSK symp-
toms was not related to the severity of TD but, by contrast, those 
with MSK symptoms or ReA reported mostly mild or moderate 
TD. The pathogens were identified only because of participation 
in this study; travellers mostly do not seek medical care for mild 
TD symptoms.26 Furthermore, with the exception of EHEC, 
traditional stool diagnostics fails to detect species of DEC, and 
therefore, the pathogens would have remained unidentified 
in laboratories not using qPCR assays with a broad pathogen 
coverage.9 20 25

In our data, EPEC was the pathogen most frequently detected 
among those with new MSK symptoms (77.8%) and ReA 
(100%). Its role in adult TD has remained disputable,9 11 21 yet 
for this study population, we have previously reported EPEC 
more frequently among those with than those without TD.11 
Despite the considerable prevalence of EAEC among travel-
lers with TD, it has not been covered in the previous studies 
reporting association between various DEC and ReA or other 
postinfectious joint symptoms (table  5). We show EAEC for 
55.3% (21/38) of the participants with MSK symptoms versus 
44.6% (83/186) without them (table  1), and for 25.0% (1/4) 
with ReA versus 20.0% (1/5) with ReTe and ReAlg (table  4). 
ETEC deserves special attention, since it is often considered to 
cause more severe TD than the other DEC.7 It was detected in 
the specimens of 21.1% of the participants with MSK symptoms 
and none of those with ReA.

Limitations and strengths
First, as we could not collect stool samples while abroad, the 
primary TD pathogen may in some cases have already disap-
peared before sampling. Second, our data may slightly overesti-
mate the incidence of MSK symptoms, since those with symptoms 
after travel may have been more eager to return the follow-up 
questionnaire. Third, the time period between primary pathogen 
acquisition and clinical examination was rather long. Naturally, 
our lengthy follow-up also enabled us to evaluate the patients’ 
recovery. However, we may have missed some ReA cases where 
the joint symptoms appeared later than 3 weeks after travel.

The main merits of our investigation are its prospective design 
and multiplex qPCR method with a wide coverage of pathogens. 
They allowed us to compare symptomatic versus asymptomatic 
participants with and without DEC, to look for an association 
between MSK symptoms and travel-acquired DEC and estimate 
the incidence of MSK symptoms. Furthermore, data on antibi-
otic use afforded a rare opportunity to estimate whether antibi-
otic treatment of TD could prevent MSK symptoms.

Conclusion
This was the first prospective study to explore whether travel-
acquired DEC are associated with reactive MSK symptoms 
and to provide incidences for such development. Multivariate 
analysis showed acquisition of DEC to be connected with risk 
of developing MSK symptoms yet the risk did not depend on 
severity of TD symptoms. The incidence of ReA proved fairly 
low and the course mild; no association was seen with HLA-
B27. Further investigations are needed to confirm whether 
ReA triggered by DEC remains milder than that caused by the 
conventionally known bacteria. Antibiotic treatment of TD did 
not prevent post-travel MSK symptoms.
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