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Background: In the Netherlands, obstacle, mud and
survival runs are increasingly popular. Although out-
breaks of gastroenteritis have been reported follow-
ing these events, associated health risks have not
been systematically assessed. Aim: To investigate the
incidence of acute gastrointestinal infections (AGI),
skin infections (SI) and respiratory infections (RI)
among obstacle run participants, as well as risk fac-
tors. Methods: Between April and October 2017, we
conducted a retrospective cohort study among 2,900
participants of 17 obstacle runs in the Netherlands.
Demographic, symptomatic and behavioural data were
collected from participants via an online questionnaire
1 week after participation in an obstacle run. Stool
specimens were obtained from respondents for micro-
biological tests. Adjusted relative risks (aRR) and
95% confidence intervals (Cl) using multilevel bino-
mial regression analysis were calculated. Results: Of
2,646 respondents (median age: 33 years; 53% male),
76 had AGI after the obstacle run; ingesting mud was
associated with AGI (aRR: 1.7; 95% Cl: 1.2-4.9) and
38 respondents had AGI during or in the week before
the obstacle run. Overall, 103 respondents reported
Sl and 163 RI. Rinsing off in a hot tub was associated
with Sl (@aRR: 2.2; 95% Cl: 1.7-2.8). Of 111 stool speci-
mens, 13 tested positive for six different pathogens.
No clusters were found. Conclusion: The reported inci-
dence of AGI, SI and Rl was low. Risk of these infec-
tions could be decreased by informing participants on
preventive measures, e.g. showering vs rinsing in the
hot tub, avoiding ingesting mud and not participating
with symptoms of AGI.
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Introduction

In the Netherlands, obstacle, mud and survival runs
(for the purposes of this paper, collectively referred to
as ‘obstacle runs’) are increasingly popular. Initially,
trained or professional runners were the main partici-
pants in these races, but the sport has developed into
a fun activity for friends and families. There is a grow-
ing number of participants each year (13,000 in 2012 to
» 250,000 in 2017 [1]). The minimum age for participa-
tion varies between obstacle runs; it is usually based
on the run’s distance and can be as young as 5 years
old [2]. In 2017, over 150 obstacle runs were organised
in the Netherlands [3]. Obstacle runs are races in which
participants encounter different manufactured obsta-
cles while running around a predefined course [4]. A
mud run is basically the same, but intentionally fea-
tures more mud [4]. Survival runs are a combination of
an obstacle run and an endurance event; these require
more technique and training than obstacle runs and
are often non-commercial compared to obstacle races
and mud runs [5,6].

As participants of obstacle runs are required to run,
crawl or swim through untreated water and mud, risk
of injury and infectious diseases such as acute gastro-
intestinal infection (AGI), respiratory infection (RI) and
skin infection (SI) can be more prevalent in these races
compared to more conventional running races. Since
2010, there have been multiple reports of AGI out-
breaks following obstacle runs, open water swimming
events and mountain biking events, and the ingestion
of mud or water during these races was associated with
the infections [7-14]. In Belgium and the Netherlands,



Box

Case definitions for acute gastrointestinal, respiratory and
skin infections, the Netherlands, 2017

AGI was defined as the development of any diarrhoea and/or
vomiting within 14 days after the run.

Sl was defined as the development of red bumps on the skin
or other skin abnormalities within 14 days after the run.

Rl was defined as the development of a cold, sore throat or
cough within 14 days after the run.

Injuries were defined as muscle or joint injuries contracted
during the run.

Wound was defined as a wound (cut or abrasion) contracted
during the run.

AGI: acute gastrointestinal infection; RI: respiratory infection; Sl:
skin infection.

several cases of leptospirosis were reported in 2015
after participation in an obstacle run and in the
Netherlands, one case of tularaemia was linked to an
obstacle run [15-17]. However, these reports do not pro-
vide information on the infectious disease risks and
potential risk factors associated with obstacle run par-
ticipation in general.

Although there are publications about outbreaks fol-
lowing obstacle runs, a more systematic approach to
identify the events’ potential risk factors is lacking.
Research on the potential health risks of obstacle runs
is therefore warranted, and outcomes could poten-
tially support recommendations that may help to fur-
ther improve safety and preventive measures at these
events.

This study investigated potential risk factors for devel-
oping AGI, Rl or Sl—such as accidentally swallowing
mud/water, time between finish and rinsing off, or
type of clothes worn—following participation in obsta-
cle runs in the Netherlands. With the results, we aim
to develop evidence-based preventative recommenda-
tions for organisers and participants of obstacle runs.

Methods

Study design

A retrospective cohort study was performed in four of
12 provinces in the Netherlands (Zuid-Holland, Noord-
Brabant, Limburg and Gelderland) among participants
of 17 obstacle runs that took place between April and
October 2017. Obstacle runs were selected based on
small (n<1,000) and large (n>1,000) numbers of par-
ticipants to include both professional and voluntary
organisations.

Study population

The study population was defined as all participants
that took part in at least one of the 17 selected obstacle
runs. Organisers of each obstacle run were contacted
before the race and given information on the study.
They were asked to send a message to all participants.
The message contained a link to an online question-
naire and was sent via email or posted to social media
or the obstacle run’s website 7—10 days after the event.
For organisers, sending the message to participants
was considered consent for participation in the study;
for participants, starting the questionnaire was consid-
ered giving consent.

Case definitions

Case definitions were based on guidelines from the
National Coordination for Communicable Diseases
Control in the Netherlands [18,19] and were defined
by a medical doctor and an infectious disease
epidemiologist.

Data collection

Epidemiological

Questionnaire data were collected via Collector innova-
tive surveys [20]. The questionnaire included questions
related to: (i) demographic characteristics; (ii) run-spe-
cific information including distance, time started and
duration; (iii) health complaints experienced before,
during and after the obstacle run, e.g. vomiting, diar-
rhoea, headache, injuries and wounds; and (iv) poten-
tial risk factors for infectious diseases, e.g. swallowing
water/mud, type of clothing worn, food and drinks
consumed, time between completion of the obstacle
run and showering, chronic diseases (e.g. hay fever
or other self-defined allergies, diabetes, immune dis-
orders) and medications taken (e.g. antacids, antibiot-
ics). Organisers could also add their own questions to
get feedback regarding the organisation of the obsta-
cle run.

Participants had ca 1 week to complete the question-
naire. Organisers of 12 of the obstacle runs also sent
a reminder email 3-8 days after the first invitation or
posted a reminder on social media. An example of the
questionnaire can be seen in Supplement S1.

Microbiological

Respondents with known contact details who indi-
cated that they had symptoms of AGI before, during
or after the run were asked if they would be willing to
collect a stool specimen and send it to Jeroen Bosch
Hospital’s microbiological laboratory for analysis. If
they accepted, a stool sample taking kit was sent to
their home address. Where possible, 10 respond-
ents reporting AGl symptoms per obstacle run were
included for stool testing within 3 weeks after the run;
if less than 10 respondents reported symptoms of AGl,
respondents who did not report symptoms of AGI were
invited to provide a stool sample. This decision was
made on the basis that an asymptomatic individual
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TABLE 1

Characteristics of respondents from 17 obstacle runs, the
Netherlands, 2017 (n=2,900)

Characteristics n %
Sex 2,693 | 100
Male 1,435 | 533
Female 1,258 | 46.7
Missing 207 NA
Age (years) 2,692 | 100
<18 311 11.6
19-25 363 | 13.5
26-35 863 32.1
36-45 784 | 29.1
245 371 | 13.8
Missing 208 NA
|selfreported symptoms |
Acute gastrointestinal infections 2,808 | 100
Yes 76 2.7
No 2,732 | 97.3
Missing 92 NA
Skin infections 2,790 | 100
Yes 103 3.7
No 2,687 | 96.3
Missing 110 NA
Respiratory infections 2,790 [ 100
Yes 163 5.8
No 2,627 | 94.2
Missing 110 NA
Current smoker 2,691 | 100
Yes 185 6.9
No 2,506 | 93.1
Missing 209 NA
Use of medication® 2,658 | 100
Yes 216 8.1
No 2,442 | 91.9
Missing 242 NA
Allergies® 2,658 | 100
Yes 449 | 16.9
No 2,209 | 83.1
Missing 242 NA
Other chronic diseases® 2,658 | 100
Yes 411 15.5
No 2,247 | 84.5
Missing 242 NA
ﬁﬁ)nﬁl;;e to open water or obstacle run (past 3 2,864 | 100
Yes 1,080 | 37.7
No 1,784 | 62.3
Missing 36 NA

NA: not applicable.
2 For example, antibiotics or antacids.
® For example, hay fever or other self-defined allergies.

¢ Other than allergies; for example, diabetes, immune disorders or
gastrointestinal diseases.

Additional information on the questions asked in the questionnaire
can be found in Supplement S1.
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infected with a pathogen could still be a potential risk
for onward transmission.

Stool specimens were tested for Salmonella species,
Shigella spp., Campylobacter spp., Shigatoxin pro-
ducing Escherichia coli (STEC), noro- and sapo-
virus, Entamoeba histolytitica,  Cryptosporidium
parvum/hominis and Giardia lamblia, all by reverse
transcriptase-PCR (RT-PCR). Specimens were also
tested for rota- and adenovirus infections with a quali-
tative immunochromatographic test. STEC-positive
specimens were further tested by RT-PCR to determine
whether the strain belonged to the subgroup of entero-
haemorrhagic Escherichia coli (EHEC).

Environmental

A checklist was developed to identify potential environ-
mental health hazards at an obstacle run. During each
of the 17 obstacle runs we visually inspected the trails
for animal faeces and asked the organisers whether
the water had been officially approved by local authori-
ties for swimming, according to the items provided on
the checklist. We assessed the hygienic standards of
facilities—e.g. toilets, showers and food trucks—in the
event area and also took water samples at two or three
random points along the runs. These were collected so
that samples would be rapidly available for analysis in
the case of an outbreak. They were not collected for
comparison between obstacle runs and were stored
following collection.

Outbreak definition

An outbreak was defined as multiple participants of
an obstacle run reporting the same clinical symptoms
following participation and/or submitting stool speci-
mens that tested positive for the same pathogen. The
definition of an outbreak also depended on the specific
pathogen found or the health complaints reported;
these parameters were not specified beforehand for all
possible infectious diseases. In general, we defined an
outbreak as a higherincidence of an infectious disease
in the study cohort than the expected incidence in the
general Dutch population at the same time. This was
assessed by a medical doctor with experience working
in the field of infectious disease control.

Data analysis

The primary outcome of this study was the associa-
tion between potential risk factors during obstacle
runs, demographics and the development of AGI, Rl
and SlI. Attack rates were calculated for subgroups of
exposure. To determine the association between dif-
ferent potential risk factors and development of infec-
tions, a univariable multilevel analysis was conducted.
Multilevel analysis was performed to take into account
the potential clustering of effects among the 17 runs
and relative risks (RR) were calculated accordingly.
Following the univariable analysis, we included fac-
tors associated with infection with a p value<o.os5 in
univariable analysis in a multivariable multilevel bino-
mial regression. We considered a p value of<o.05 to



TABLE 2

Characteristics of the obstacle runs, the Netherlands, 2017
(n=17)

Characteristics n

Number of participants

<1,000 9
21,000 8
Event duration (days)

1 10
2 7
Weather conditions

Heavy rain o
Light rain 4
No rain 13
Temperature (°C)

<15.0 0
15.1-20.0 7
20.1-25.0 6
»25.1 4

Swimming water

Only official 2
Only non-official 12
Both official and non-official® 3

Hygiene facilities

Running water 11

Paper towels

Soap

Rinse facilities® 16
Food and water distributed during obstacle run

Food 14
Fruit without peel 6
Free drinking water 17
Animal faeces present on trail 7

2 Official swimming water was officially approved for swimming
by local authorities and non-official swimming water was not
checked by local authorities.

® For example, shower, garden hose or cold water tub.
¢In 13 obstacle runs.

4 Depending on the obstacle run this was either bottled water or
tap water.

Additional information on the questions asked in the questionnaire
can be found in Supplement S1.

be statistically significant. Data were analysed using
SPSS statistics 21 (IBM, New York, United States (US))
and STATA 14 (StataCorp, College Station, Texas, US).

Results

In total, 17 obstacle runs carried out over 14 weekends
(between April and October 2017) in the Netherlands
were included in this study. Of these runs, 12 were in
the provinces of Noord-Brabant, two in Zuid-Holland,
two in Gelderland and one in Limburg. The runs had ca
30,000 participants in total, ranging from 230-7,600
per run.

Questionnaire response

Of the 30,000 participants, 2,900 started the question-
naire and 2,646 (91%) completed it. Distribution of the
questionnaire was not consistent between the obsta-
cle runs, as contact information (specifically email
addresses) was not available for all participants, e.g.
when one participant signed up on behalf of a group.
Therefore, for nine obstacle runs the link to the ques-
tionnaire was posted on social media or the obstacle
run’s website. Because of this, it was not possible
to determine precisely how many participants were
reached via email, social media or the website in order
to calculate the response rate.

Characteristics of the study population

The median age was 33 years (range: 5-71 years) and
1,435 (53%) were male. Following an obstacle run, 2.7%
of respondents reported AGI, 3.7% reported S| and
5.8% reported Rl (Table 1). The majority of respondents
reported that they had no allergies or other chronic dis-
eases (83.1% and 84.5%, respectively). A small number
of respondents (8.1%) used medication at the time of
the run.

Characteristics of the obstacle runs

Table 2 describes the main characteristics assessed
using the environmental checklist. Of 17 obstacle runs,
10 were single-day events, 13 took place on a day with
no rain, 11 had running water for handwashing (but
most did not have paper towels and soap), 16 had
facilities for participants to rinse off afterwards and
14 handed out free food. At one obstacle run, fruit and
packaged foods (i.e. granola bars) were distributed. At
another, energy bars were handed out, but not fruit.
Of the 13 obstacle runs where fruit was handed out, at
six runs, volunteers peeled the fruit before distribut-
ing it to participants. Environmental samples were not
tested, because there was no reported outbreak nor
did respondents of the same run test positive for the
same pathogen.

Epidemiological determinants

Reported health complaints

In total, 641 of 2,813 (22.8%) respondents reported
health complaints (e.g. headache, stomach ache and
vomiting) following participation in an obstacle run. Of
those, five discovered a tick during or after the run, 156
(5.6%) reported receiving a wound, 131 (4.7%) reported
an injury (mostly concerning the knee (n = 45) and
ankle (n = 25)), two respondents broke a bone and six
tore a muscle.

In all three main health complaints reported, (AGI, RI
and Sl) females were more likely to report infections
than males; AGl: 47 (68%) vs 22 (32%); Sl: 68 (69%) vs
31 (31%); Rl: 103 (69%) Vs 47 (31%).

www.eurosurveillance.org



TABLE 3A

Determinants for developing acute gastrointestinal infections in obstacle run participants, the Netherlands, 2017 (n=2,808)

Univariable analysis Multivariable analysis
Variables Cases of AGI® Attack rate (%) RR RR
p value p value
(95% Cl) (95% CI)

Age (years)
0-18 311 6 1.9 0.69 (0.22-2.2) 0.530 0.63 (0.21-1.9) 0.412
19-25 363 15 4.1 1.5 (0.71-3.1) 0.293 1.2 (0.55-2.6) 0.661
26-35 863 24 2.8 Ref Ref
3645 784 22 2.8 1.01 (0.64-1.6) 0.969 1.01 (0.59-1.7) 0.964
> 45 371 2 0.54 0.19 (0.04-0.87) 0.032 0.23 (0.05-1.1) 0.067
Sex
Male 1,435 22 1.5 Ref Ref
Female 1,258 47 3.7 2.4 (1.8-3.3) | 0.000 1.9 (1.2-2.8) | 0.003
Current smoker
No 2,506 65 2.6 Ref NA
Yes 185 4 2.2 0.8 (0.35-2.0) | 0.681 NA
Exposure to open water or obstacle run (past 3 months)
No 1,746 56 3.2 Ref Ref
Yes 1,062 20 1.9 0.59 (0.40-0.86) | 0.006 0.71 (0.47-1.1) | 0.118
Use of medication (incl. antacids)?
No 2,442 62 2.5 Ref NA
Yes 216 6 2.8 1.09 (0.45-2.7) | 0.843 NA
Use of antacids
No 2,637 67 25 Ref NA
Yes 21 1 4.8 1.9 (0.37-9.4) | 0.444 NA
Allergies®

Ref Ref
No 2,209 49 2.2
Yes 449 19 4.2 1.9 (1.3-2.8) | 0.001 1.7 (1.2-2.5) | 0.004
Chronic diseases other than allergiesf
No 2,247 61 2.7 Ref Ref
Yes 411 7 1.7 0.63 (0.43-0.91) | 0.014 0.51 (0.33-0.79) | 0.003

AGI: acute gastrointestinal infections; Cl: confidence interval; incl.: including; NA: not applicable; Ref: reference; RR:relative risk.
2 Number of respondents who were exposed to the exposure variable.

® Number of respondents with gastrointestinal infections in the week after the event and exposure to the exposure variable.

¢ Adjusted for any exposure with p value<o.05 in the univariable analysis.

4 For example, antibiotics or antacids.

¢ For example, hay fever or other self-defined allergies.

fOther than allergies; for example, diabetes, immune disorders and gastrointestinal diseases.

¢ Official swimming water was officially approved for swimming by local authorities and non-official swimming water was not checked by local
authorities.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.

The questions on diarrhoea and vomiting were asked later on in the questionnaire and some respondents stopped before answering these
questions. Only responses from those who answered these questions were included.

www.eurosurveillance.org 5



TABLE 3B

Determinants for developing acute gastrointestinal infections in obstacle run participants, the Netherlands, 2017 (n=2,808)

Univariable analysis

Multivariable analysis

VEUELIES Cases of AGI®  Attack rate (%) RR RR
p value p value
(95% CI) (95% CI)
Distance (km)
NA

0-4.9 190 3 1.6 0.54 (0.11-2.6) 0.446

Ref
5-7.9 1,093 32 2.9 NA
8-10 469 12 2.6 0.87 (0.38-2.0) 0.750 NA
10.1-15 786 21 2.7 0.91 (0.44-1.9) 0.808 NA
»15.1 270 8 3.0 1.01 (0.48-2.2) 0.975 NA
Outside temperature (°C)
<15.0 o] o] NA NA NA
15.1-20.0 1,149 40 3.5 Ref NA
20.1-25.0 802 17 2.1 0.61 (0.26-1.4) 0.255 NA
2 25.1°C 857 19 2.2 0.64 (0.30-1.4) 0.245 NA
Official swimming waters
Non-official 1,945 50 2.6 Ref NA
Official 411 11 2.7 1.04 (0.49-2.2) 0.918 NA
Both 452 15 3.3 1.3 (0.70-2.4) 0.419 NA
Number of event days

Ref NA
1 1,201 22 1.8
2 1,607 54 3.4 1.8 (0.97-3.5) | 0.064 NA
Animal faeces present on trail
No 1,856 58 3.1 Ref NA
Yes 952 18 1.9 0.61(0.32-1.1) | 0.122 NA

AGI: acute gastrointestinal infections; Cl: confidence interval; incl.: including; NA: not applicable; Ref: reference; RR:relative risk.

2 Number of respondents who were exposed to the exposure variable.

® Number of respondents with gastrointestinal infections in the week after the event and exposure to the exposure variable.

¢ Adjusted for any exposure with p value<o.05 in the univariable analysis.

¢ Official swimming water was officially approved for swimming by local authorities and non-official swimming water was not checked by local

authorities.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.

The questions on diarrhoea and vomiting were asked later on in the questionnaire and some respondents stopped before answering these
questions. Only responses from those who answered these questions were included.

Determinants associated with acute gastrointestinal
infections

Of 2,831 respondents, 38 had AGI during or in the week
before the obstacle run. The multilevel univariable
analysis showed that 10 determinants were associated
with the development of AGI following an obstacle run.
In the multivariable model, five remained statistically
significant, including swallowing mud (RR: 2.4; 95% Cl:
1.2-4.9), having allergies (RR: 1.7; 95% Cl: 1.2—2.5) and
being female (RR: 1.9; 95% Cl: 1.2—2.8). Drinking alco-
hol on the day of an obstacle run and having chronic
diseases other than allergies decreased the risk for AGI

following an obstacle run (RR: 0.34; 95% Cl: 0.16—0.71
and RR: 0.51; 95% Cl: 0.33-0.79, respectively) (Table
3).

Determinants associated with skin infections

Five determinants were associated with the develop-
ment of S| following an obstacle run in the univariable
analysis and three remained statistically significant
in the multivariable model. These included rinsing off
afterthe run in a hot tub compared to running tap water
and being female (RR: 2.2; 95% Cl: 1.7-2.8 and RR: 2.3;
95% Cl: 1.3-3.9, respectively). An outside temperature

www.eurosurveillance.org



TABLE 3C
Determinants for developing acute gastrointestinal infections in obstacle run participants, the Netherlands, 2017 (n=2,808)

Univariable analysis Multivariable analysis

Variables Cases of AGI® Attack rate (%) RR RR

p value p value
(95% Cl) (95% Cl)¢

Type of shower water used

Tap water 2,364 59 2.5 Ref NA

Open water 236 7 3.0 1.2 (0.65-2.2) 0.573 NA

Hot tub 80 2 2.5 1.002 (0.43-2.4) 0.997 NA

Other 35 1 2.9 1.1 (0.37-3.5) 0.813 NA

Shower time (hours after run)

<1 1,840 52 2.8 Ref NA

1-3 706 15 2.1 0.75 (0.43-1.3) 0.313 NA

’3 174 2 1.2 0.41 (0.17-0.95) 0.037 NA

Toilet used

No 862 18 2.1 Ref NA

Yes 1,856 51 2.8 1.3 (0.80-2.2) | 0.276 NA

Water in mouth

No 1,092 16 1.5 Ref Ref

Yes, not swallowed 1,200 35 2.9 2.0 (1.1-3.8) 0.036 2.0 (0.94-4.1) 0.071
Yes, swallowed 440 19 4.3 2.9 (1.4-6.2) 0.004 2.2 (0.97-5.2) 0.061
Mud in mouth

No 1,762 39 2.2 Ref Ref

Yes, not swallowed 882 24 2.7 1.2 (0.8-1.9) 0.350 1.02 (0.61-1.7) 0.946
Yes, swallowed 85 7 8.2 3.7 (1.8-7.7) 0.000 2.4 (1.2-4.9) 0.015

Drinking water from organisation

No 459 7 1.5 Ref NA
Yes 2,229 62 2.8 1.8 (0.79-4.2) | 0.162 NA
Soda

No 2,130 60 2.8 Ref NA
Yes 558 9 1.6 0.57 (0.29-1.1) | 0.105 NA
Energy drink

No 2,165 53 2.5 Ref NA
Yes 523 16 3.1 1.2 (0.73-2.1) | 0.419 NA
Alcoholic beverage

No 2,031 62 3.1 Ref Ref
Yes 657 7 1.1 0.35 (0.18-0.67) | 0.002 0.34 (0.16-0.71) | 0.004
Coffee/tea

No 2,196 55 2.5 Ref NA
Yes 492 14 2.9 1.1 (0.62-2.1) | 0.682 NA
Juice

No 1,791 39 2.2 Ref NA
Yes 58 2 3.5 1.6 (0.27-9.4) | 0.613 NA

AGI: acute gastrointestinal infections; Cl: confidence interval; incl.: including; NA: not applicable; Ref: reference; RR:relative risk.
2 Number of respondents who were exposed to the exposure variable.
® Number of respondents with gastrointestinal infections in the week after the event and exposure to the exposure variable.

¢ Adjusted for any exposure with p value<o.o5 in the univariable analysis.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.
The questions on diarrhoea and vomiting were asked later on in the questionnaire and some respondents stopped before answering these ques-
tions. Only responses from those who answered these questions were included.

www.eurosurveillance.org 7



of>25°C decreased the risk for SI (RR: 0.53; 95% Cl:
0.31-0.91) (Table 4).

Determinants associated with respiratory infections

Five determinants were associated with the develop-
ment of Rl following an obstacle run in the univariable
analysis and three remained statistically significant in
the multivariable model. These included being aged
19—25 years (compared to 26-35 years) and being
female (RR: 1.8; 95% Cl: 1.2—2.9 and RR: 2.1; 95% Cl:
1.6—3.0, respectively). Being aged > 45 years (compared
to 26—-35 years) decreased the risk for developing RI
(RR: 0.31; 95% Cl: 0.16-0.60) (Table 5).

Clinical microbiological results

The laboratory received stool specimens from 111
respondents from 17 obstacle runs, of which 13 tested
positive for six different pathogens (no participant
tested positive for the same pathogen as another
participant in the same run). These pathogens were
sapovirus (n=s5), norovirus (n=4), Shigella spp.
(n=1), enterohaemorrhagic Escherichia coli (EHEC)
(n=1), Campylobacter jejuni (n=1) and Giardia
lamblia (n=2).

Four of these pathogens (norovirus, sapovirus, G. lam-
blia and C. jejuni) explained the acute gastrointestinal
complaints of seven respondents, with two reporting
gastrointestinal symptoms before the obstacle run
and five after. The EHEC-positive respondent reported
headache and red bumps on the skin. The other six
positive respondents (G. lamblia, norovirus, sapovi-
rus, Shigella spp.) did not report any health complaints.

Discussion

To our knowledge, this is the first study investigating
the incidence of AGI, SI and RI following participation
in an obstacle run, as well as risk factors. Not many
infectious diseases were reported by respondents
in the questionnaire of this study (in 2.7%-5.8% of
respondents), which suggests a low risk for infection
after participation in an obstacle run.

The primary care continuous morbidity surveillance
system estimated that from April to October 2017, 2%
of the Dutch adult population had consulted a general
practitioner (GP) for an AGI and 4% for an RI [21]; no
primary care data was available for SI. Although the
incidences of AGI and RI from our study are seemingly
comparable to those obtained from primary care in the
Netherlands, the latter only reflects diseases in people
who attended a GP and, therefore, may not be general-
isable to the general population.

In this study, the ingestion of mud was associated
with AGI, supporting current advice offered to partici-
pants, i.e. to avoid ingesting water/mud by trying to
keep their mouths closed during obstacle runs. This
advice arose due to similar findings regarding the risk
for infectious diseases observed in other (outbreak)
investigations related to events that include water or

mud, e.g. mountain bike events and city swims [7-14].
We acknowledge this is not always feasible due to the
high oxygen demand during intense activity.

Previous studies have also found a protective effect
of alcohol on the risk of developing AGI [22-25]. This
effect could be attributed to the ethanol and antioxi-
dants or other substances in the alcoholic beverages
[25]. However, as we did not collect information on the
number of alcoholic beverages consumed by partici-
pants, nor when they consumed it (i.e. before, during
or after the obstacle run), the protective association we
found should be interpreted with caution.

We found that respondents with allergies were more at
risk for AGI in multivariable analysis and those with a
chronic disease other than allergies were more at risk
for SI and RI in univariable analysis. We also found
that having one or more chronic diseases had a protec-
tive effect on AGI. This could partially be explained by
the non-specific definition of chronic diseases in our
study. Several chronic diseases (e.g. eczema and dia-
betes) were grouped together since the number of each
reported disease was too low to analyse separately.

Proper handwashing is a very effective measure for
the prevention of infectious disease [26]. In our study,
we found that 13 obstacle runs did not have adequate
handwashing facilities, e.g. with running water, soap
and paper towels. Food was distributed at 14 obstacle
runs and, as it is not practical for participants to wash
their hands during an obstacle run (and they are likely
covered in mud when the food is distributed), unpeeled
fruits and packaged foods may be better options.

Strengths and limitations

Due to the large study population and inclusion of
several different obstacle runs, we believe the results
could be relevant to other events with similar environ-
mental conditions. Further, as several obstacle runs
were investigated, the identified risk factors may be
more generalisable.

There are several limitations with this study. First, it is
likely that there was self-selection bias, wherein partic-
ipants who developed symptoms after an obstacle run
were more likely to take part in the study than those
who remained healthy. This may have resulted in an
overestimation of the attack rate for AGI, Sl and RI.

Second, recall bias may have occurred, as participants
received the questionnaire 1 week after participating in
the run and exposure to potential risk factors may have
been recalled better by respondents who developed
symptoms. Although this bias is expected to be mini-
mal, the RR and risk factors identified may have been
overestimated.

Third, it is known that women tend to report poorer
health than men on self-reported health indicators
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TABLE 4

Determinants for developing skin infections in obstacle run participants, the Netherlands, 2017 (n=2,790)

I Univariable Multivariable
Variables Cases of SI° RR RR
(%)
(95% CI) (95% Cl)¢
Age (years)
0-18 311 11 3.5 0.92 (0.48-1.8) 0.819 1.2 (0.58-2.5) 0.607
19-25 363 21 5.8 1.5 (0.94-2.4) 0.089 1.4 (0.84-2.3) 0.202
26-35 863 33 3.8 Ref Ref
36-45 784 25 3.2 0.83 (0.46-1.5) 0.555 0.92 (0.50-1.7) 0.797
> 45 371 9 2.4 0.63 (0.38-1.1) 0.081 0.76 (0.42-1.4) 0.360
Sex
Male 1,435 31 2.2 Ref Ref
Female 1,258 68 5.4 2.5 (1.4-4.6) | 0.003 2.3 (1.3-3.9) | 0.004
Exposure to open water or obstacle run (past 3 months)
No 1,733 73 4.2 Ref NA
Yes 1,057 30 2.8 0.67 (0.39-1.2) | 0.166 NA
Allergies!
No 2,209 76 3.4 Ref NA
Yes 449 22 4.9 1.4 (0.95-2.1) | 0.087 NA
Chronic diseases other than allergies®
No 2,247 74 3.3 Ref Ref
Yes 411 24 5.8 1.8 (1.03-3.1) 0.040 1.7 (0.97-2.8) 0.065

Outside temperature (°C)

<15.0 o o NA NA NA

15.1-20.0 1,137 62 5.5 Ref Ref

20.1-25.0 80 20 2.5 0.46 (0.23-0.89) 0.022 0.56 (0.31-1.005) 0.052
2 25.1°C 853 21 2.5 0.45 (0.23-0.90) 0.023 0.53 (0.31-0.91) 0.022
Number of event days

1 1,193 54 4.5 Ref NA

2 1,597 49 3.1 0.68 (0.30-1.5) | 0.341 NA

Animal faeces present on trail

No 1,841 61 3.3 Ref NA

Yes 949 42 4.4 1.3 (0.64-2.8) 0.436 NA

Type of shower water used

Tap water 2,364 76 3.2 Ref Ref

Open water 236 16 6.8 2.1 (0.80-5.6) 0.133 1.5 (0.67-3.4) 0.319
Hot tub 80 6 7.5 2.3 (1.6-3.4) 0.000 2.2 (1.7-2.8) 0.000
Other 35 1 2.9 0.89 (0.10-8.1) 0.916 0.66 (0.08-5.4) 0.696
Shower time (hours after run)

<1 1,840 61 3.3 Ref NA

1-3 706 32 4.5 1.4 (0.96-2.0) 0.086 NA

>3 174 6 3.5 1.04 (0.50-2.1) 0.915 NA

Clothes worn

Long pants, long sleeves 333 14 4.2 Ref NA
Is_?eneg\/s:zt;’wg?noer; sleeves/short pants, long 1,420 52 3.7 0.87 (0.49-1.6) 0.642 NA

Short pants, short sleeves 889 30 3.4 0.80 (0.35-1.8) 0.603 NA

Other 78 3 3.9 0.91 (0.29-2.9) 0.880 NA

Cl: confidence interval; NA: not applicable; Ref: reference; RR:relative risk; Sl: skin infections.

2 Number of respondents who were exposed to the exposure variable.

> Number of respondents with skin infections in the week after the event and exposure to the exposure variable.
¢ Adjusted for any exposure with p value<o.os5 in the univariable analysis.

4For example, hay fever or other self-defined allergies.

¢ Other than allergies; for example, diabetes, immune disorders and gastrointestinal diseases.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.

The question on skin infections was asked later on in the questionnaire and some respondents stopped before answering this question. Only responses from those
who answered this question were included.
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TABLE 5A

Determinants for developing respiratory infections in obstacle run participants, the Netherlands, 2017 (n=2,790)

Univariable Multivariable
Total Attack rate

VEUELIES Cases of RIP RR RR

na A p value p value

(95% Cl) (95% CI)¢

Age (years)
0-18 311 20 6.4 1.2 (0.88-1.7) 0.245 1.4 (0.98-2.0) 0.061
19-25 363 38 10 2.0 (1.2-3.1) 0.003 1.8 (1.2-2.9) 0.011
26-35 863 46 5.3 Ref Ref
36-45 784 41 5.2 0.98 (0.59-1.6) 0.941 1.1 (0.64-1.7) 0.842
> 45 371 5 1.4 0.25 (0.13-0.48) 0.000 0.31 (0.16-0.60) 0.000
Sex
Male 1,435 47 3.3 Ref Ref
Female 1,258 103 8.2 2.5 (1.9-3.4) | 0.000 2.1 (1.6-3.0) | 0.000
Current smoker
No 2,506 135 5.4 Ref NA
Yes 185 15 8.1 1.5 (0.92-2.5) | 0.107 NA
Exposure to open water or obstacle run (past 3 months)
No 1733 109 6.3 Ref NA
Yes 1057 54 5.1 0.81(0.56-1.2) | 0.268 NA
Use of medication (incl. antacids)?
No 2,442 137 5.6 Ref NA
Yes 216 11 5.1 0.91 (0.52-1.6) | 0.733 NA
Use of medication for allergies
No 2,604 142 5.5 Ref NA
Yes 54 6 11 2.0 (0.90-4.6) | 0.087 NA
Use of medication for respiratory diseases
No 2,611 145 5.6 Ref NA
Yes 47 3 6.4 1.1 (0.42-3.1) | 0.784 NA
Allergies®
No 2,209 109 4.9 Ref Ref
Yes 449 39 8.7 1.8 (1.1-2.8) | 0.014 1.6 (0.99-2.6) | 0.054
Chronic diseases other than allergiesf
No 2,247 116 5.2 Ref NA
Yes 411 32 7.8 1.5 (0.99-2.3) 0.054 NA

Outside temperature (°C)

<15.0 o] o] NA NA NA
15.1-20.0 1,137 78 6.9 Ref NA
20.1-25.0 800 50 6.3 0.91 (0.60-1.4) 0.667 NA
> 25.1 853 35 4.1 0.60 (0.26-1.4) 0.235 NA

Cl: confidence interval; incl.: including; NA:not applicable; Ref: reference; RI: respiratory infections; RR: relative risk.

2 Number of respondents who were exposed to the exposure variable.

® Number of respondents with respiratory infections in the week after the event and exposure to the exposure variable.
¢ Adjusted for any exposure with p value<o.05 in the univariable analysis.

4 For example, antibiotics or antacids.

¢For example, hay fever or other self-defined allergies.

fOther than allergies; for example, diabetes, immune disorders or gastrointestinal diseases.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.

The question on respiratory infections was asked later on in the questionnaire and some respondents stopped before answering this
question. Only responses from those who answered this question were included.
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TABLE 5B

Determinants for developing respiratory infections in obstacle run participants, the Netherlands, 2017 (n=2,790)

Total
Variables Cases of RI

na

Rain on event day

(%)

Univariable Multivariable

RR RR
p value

Attack rate

p value

(95% Cl)

(95% CI)¢

Heavy rain o o NA NA NA

Light rain 663 41 6.2 Ref NA

No rain 2,127 122 5.7 0.93 (0.58-1.5) 0.750 NA

Number of event days

1 1,193 77 6.5 Ref NA

2 1,597 86 5.4 0.83 (0.51-1.4) 0.462 NA

Type of shower water used

Tap water 2,364 129 5.5 Ref Ref

Open water 236 18 7.6 1.4 (1.1-1.8) 0.016 1.3 (0.84-2.0) 0.246
Hot tub 80 4 5.0 0.92 (0.54-1.6) 0.749 1.2 (0.64-2.1) 0.626
Other 35 2.9 0.52 (0.05-5.2) 0.579 0.51 (0.06-4.3) 0.536
Water in mouth

No 1,092 53 4.9 Ref NA

Yes, not swallowed 1,200 75 6.3 1.3 (0.84-2.0) 0.240 NA

Yes, swallowed 440 25 5.7 1.2 (0.78-1.8) 0.451 NA

Mud in mouth

No 1,762 96 5.5 Ref NA

Yes, not swallowed 882 52 5.9 1.1 (0.74-1.6) 0.683 NA

Yes, swallowed 85 5 5.9 1.1 (0.45-2.6) 0.863 NA

Cl: confidence interval; incl.: including; NA: not applicable; Ref: reference; RI: respiratory infections; RR:relative risk.

2 Number of respondents who were exposed to the exposure variable.

® Number of respondents with respiratory infections in the week after the event and exposure to the exposure variable.

¢ Adjusted for any exposure with p value<o.05 in the univariable analysis.

4 For example, antibiotics or antacids.

¢For example, hay fever or other self-defined allergies.

fOther than allergies; for example, diabetes, immune disorders or gastrointestinal diseases.

Additional information on the questions asked in the questionnaire can be found in Supplement S1.

The question on respiratory infections was asked later on in the questionnaire and some respondents stopped before answering this question.

Only responses from those who answered this question were included.

[27], which may explain the high incidence on AGlI, SI
and Rl reported among women.

Fourth, the incidence of infectious diseases reported
in this study may have been overestimated, as not all
symptoms reported are exclusive to AGl, Rl and SI. For
example, respiratory disease can occur due to aller-
gies. It was not possible, however, to differentiate
between the underlying causes of certain symptoms,
which could have resulted in an overestimation of
the incidence of AGI, Rl and Sl in this study. Further,
respondents were asked about infectious disease
symptoms that occurred following the obstacle run, so

www.eurosurveillance.org

the symptoms reported may not have been caused by
the event.

Fifth, due to the design of the study, the results of the
microbiological analysis were not compared with a
control group. In future studies, however, stool sample
testing should be done directly after onset of symp-
toms and a control group should be included so the
results can be compared and used as part of an out-
break investigation, should the need arise.

Finally, we investigated frequencies of disease in this

study, but diseases such as tularaemia and leptospi-
rosis—which have longer incubation periods than the
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time given to complete the questionnaire—might have
been missed. However, as these are rare diseases in
the Netherlands and the symptoms are not widely rec-
ognised, it is unlikely that these diseases would have
been identified even with a longer time period allo-
cated to the questionnaire.

Conclusion

Our study suggests that the risk of contracting AGI, SI
or Rl following participation in an obstacle run is low.
However, the potential for disease outbreaks related
to such events can be high, as seen in previous stud-
ies [7-14]. To limit the occurrence of outbreaks and
sporadic infections, we recommend that organisers of
obstacle runs inform participants of infectious disease
risks and potential preventive measures they could
take, e.g. practicing good hand hygiene, not partici-
pating if they are ill, not swallowing mud and shower-
ing directly after the run. In addition, we recommend
that organisers adequately facilitate these preventive
measures, e.g. by installing proper handwashing and
shower facilities and only distributing foods that are
unpeeled/packaged during the obstacle run. Based on
visual inspections, we also recommend that organisers
fulfil the national hygiene guidelines regarding the toi-
lets and showers around the obstacle run course.
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