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Abstract 
Background: Campylobacteriosis is the most frequently reported foodborne disease in the EU since 2005. 
Monitoring at Dutch slaughterhouses revealed that 44.5% of broiler flocks tested positive for 
Campylobacter spp. Because approximately 80% of human campylobacteriosis cases are related to strains 
from the chicken reservoir, reducing the number of Campylobacter colonized flocks will have a significant 
contribution to public health. 
Aim of study: The aim of this study was to compare two broiler housing systems, the Patio system 
(Vencomatic Group, Eersel, the Netherlands) and conventional poultry floor housing systems, for the 
presence of Campylobacter spp. The hypothesis was that introduction of Campylobacter is less likely to 
occur in Patio systems than in conventional broiler housing systems, because of specific differences in 
biosecurity regarding the number of insects and intensity of human traffic, especially around thinning of 
the flock. 
Materials and methods: Four Patio systems were matched to four control houses and progeny of the same 
broiler breeder flock was placed in both housing systems at approximately the same time. A questionnaire 
with specific Campylobacter related biosecurity questions (CAMPAS checklist) filled out by the farmer was 
used to assess the level of biosecurity on all farms. Two rounds of sampling of cecal droppings were 
performed, around day 28, before partial thinning and day 38, after partial thinning. Sticky flytraps were 
placed in all broiler houses for 14 days to evaluate the number of insects.  
Results and discussion: The CAMPAS checklist revealed that biosecurity risk levels were scored lower by 
farmers of Patio systems (on average 4.0) than by farmers of conventional broiler houses (10.7). Broiler 
flocks on all farms tested negative for the presence of Campylobacter during the first round of sampling. 
At the second round of sampling, all four Patio systems tested negative, whereas one out of four control 
houses was Campylobacter jejuni positive. Although the difference in the proportion of positive houses of 
0.25 (25%) between both housing systems was statistically significant, the actual difference in 
Campylobacter prevalence for Patio systems versus conventional broiler houses may range between 0.6% 
and 80.6% at 95% confidence level. Consequently, more flocks need to be sampled to accurately compare 
prevalence in both housing systems. Insects were present in both types of housing systems. Category 3 
insects (with sizes between 5-10 mm), that may comprise flies that are known to be able to transfer 
Campylobacter to the broiler flock, were present in both housing systems. The mean differences in insects 
caught between the housing systems in both weeks and the number of category 3 insects were not 
statistically significant. Therefore it cannot be concluded that there is an actual difference between the 
housing systems in terms of the number of insects. In the past years the relationship between biosecurity 
and the introduction of Campylobacter in broiler flocks has been well established. However, it is also 
recognized that biosecurity alone cannot ensure Campylobacter negative flocks. Therefore studies into 
complementary measures to reduce colonization of broilers with Campylobacter should be conducted. 
Further research with regard to the occurrence of Campylobacter in Patio systems and conventional broiler 
housing systems is recommended.  
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Introduction 
Poultry meat is an important protein source worldwide. The average consumption in the European 
Union (EU) in 2015 was 22.5 kg/capita and 22.1 kg/capita for the Netherlands. Unlike red meat, poultry 
meat consumption is expected to increase reaching 22.8 kg/capita by 2025, due to its affordability and 
healthy image (AVEC, 2016). Poultry meat is also considered to be a potential source of various 
biological hazards that threaten human public health. In a qualitative risk assessment  Campylobacter 
spp., Salmonella spp. and Extended-Spectrum Beta-Lactamase/AmpC gene-carrying bacteria have 
been identified as the most relevant hazards (EFSA, 2012). Campylobacteriosis is the most frequently 
reported foodborne disease in the EU since 2005 (EFSA, 2015). 

Human Campylobacteriosis  
Each year over 190,000 laboratory confirmed cases of human campylobacteriosis are reported in the 
EU. Because not all cases of Campylobacter foodborne infections are thought to be reported, the 
actual number of cases is estimated around nine million in the EU only (EFSA, 2017; EFSA, 2015). In 
the Netherlands, the number of human campylobacteriosis was estimated to be 83,300 cases in 2015 
(Uiterwijk et al., 2015). Annual costs of Campylobacter infections in the Netherlands are estimated at 
€21-36 million, due to direct health care costs and indirect non-health care costs, defined as the value 
of production lost to society (Mangen et al., 2007).  

Campylobacter causes a self-limiting gastroenteritis with watery to bloody diarrhoea, abdominal pain, 
nausea and fever in humans (Wagenaar et al., 2015). Several sequelae can complicate the disease.  In 
0.1% of the cases complicating demyelinating disorders, named Guillain-Barré Syndrome and Miller-
Fisher Syndrome, can occur, leading to progressive paralysis and even death. Other chronic sequelae 
linked to gastrointestinal infection with Campylobacter are reactive arthritis, post-infectious irritable 
bowel syndrome and inflammatory bowel disease (Havelaar et al., 2012; Haagsma et al., 2010; 
Wakerley et al., 2016).  

The majority of human infections originate from chicken products, through eating undercooked 
chicken meat or other cross-contaminated food products (Doorduyn et al., 2010). Campylobacter 
jejuni is the predominant species causing human campylobacteriosis, followed by Campylobacter coli 
(Mughini-Gras et al., 2012). International travel, environmental sources, such as recreational waters, 
and direct contact with farm animals are also significant risk factors for human infection with 
Campylobacter spp. (Domingues et al., 2012). 

Campylobacter spp. and broilers 
Campylobacter, the name literally means ‘curved rod’, is a gram-negative, microaerophilic bacterium 
that lives in the digestive tract of birds and mammals (Bolton, 2015). Experimental inoculation has 
demonstrated that chickens are highly susceptible to colonization with Campylobacter (Cawthraw et 
al., 1996). The thermophilic character of C. jejuni and C. coli in combination with the avian body 
temperature of 41-42 °C makes birds preferred hosts for these organisms (Wagenaar et al., 2015). The 
mucus layer of cecal crypts is the predominant colonization site. Colonization does not lead to any 
clinical signs and therefore the organism is considered to be part of the normal enteric flora. Colonized 
broilers generally carry 106-108 cfu/g C. jejuni in their ceca (Hermans et al., 2012; Sahin et al., 2002). 
Once Campylobacter is introduced in a broiler flock, transmission is rapid: in a flock of 20,000 broilers, 
the within-flock prevalence of C. jejuni increases to 95% within 4.4 to 7.2 days (van Gerwe et al., 2009).  

During a field-study in the Netherlands a typical pattern was discovered: colonization is detectable in 
broiler flocks from 3-4 weeks of age and Campylobacter stays present up to slaughter in all colonized 
flocks (Jacobs-Reitsma et al., 1995). A similar pattern of rising percentages of Campylobacter positive 
flocks with increasing age has been described in several other articles (van de Giessen et al., 2006; 
Hermans et al., 2012; Bull et al., 2006). There is conflicting evidence about the role of vertical 
transmission in the epidemiology of Campylobacter spp.  
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Although the prevailing view is that vertical transmission does not play a major role in the introduction 
of Campylobacter to broilers, its role is not absolutely excluded (Sahin et al., 2015, Agunos et al., 2014). 
Multiple hypotheses about the inability to culture Campylobacter in chickens under two weeks of age 
have been posed. The best accepted hypothesis is that this so-called lag phase is caused by maternal 
antibodies which prevent Campylobacter from colonizing the intestinal tract (Sahin et al., 2003; Newell 
et al., 2003). 

On-farm risk factors for the introduction of Campylobacter spp. are divers: insects, human traffic, 
other livestock adjacent to the farm, poor biosecurity, free-range or organic housing systems, partial 
depopulation and various other factors are thought to play a role. Table 1 in annex 1 provides an 
overview of these risk factors, according to numerous studies. Food and water are assumed to play a 
role in the horizontal spread of Campylobacter after introduction in the broiler flock (Tangkham et al., 
2016). 

Campylobacter spp. and broiler meat 
Risk assessments have revealed that about 50-80% of campylobacteriosis cases in humans are related 
to strains from the chicken reservoir but that and handling, preparation and consumption of broiler 
meat accounts for 20-30% of the human cases (EFSA, 2011). The level of contamination on the exterior 
of the chicken carcass and in the intestine directly influences the level of bacteria on the final product 
for the consumers (Northcutt et al., 2003; Berrang et al., 2004; Pacholewicz et al., 2015). Large 
numbers of Campylobacter may contaminate poultry carcasses when intestines leak or rupture during 
processing in the slaughter house (Berrang et al., 2001; Seliwiorstow et al., 2015). A 2 log reduction of 
Campylobacter on chicken carcasses could lead to 30 times reduced incidences of campylobacteriosis 
associated with the consumption of chicken meat (Rosenquist et al., 2003). This reduction could be 
achieved with physical or chemical processing of poultry meat after slaughter, because Campylobacter 
is sensitive to many environmental stresses. However, irradiation procedures and the treatment of 
carcasses with chemical substances is poorly accepted by consumers (Wagenaar et al., 2015). 
Moreover, many of these strategies are unattractive to meat processors from both a logistic and 
economical point of view (Havelaar et al., 2007). On 1 January 2018 EU regulations on Campylobacter 
monitoring in slaughterhouses will be implemented. Already since 1 March 2014 all Dutch 
slaughterhouses voluntarily monitor their meat processing with Process Hygiene Conventional 
(NEPLUVI, 2017). In order to manage Campylobacter levels on poultry meat, a comprehensive 
approach is required, involving broiler farms and slaughterhouses. Clearly, it is important to reduce 
the number of contaminated incoming flocks at the slaughterhouse. Because Campylobacter spreads 
rapidly through a flock after introduction, conventional measures should be targeted at the risk of 
introduction on the broiler farm. In addition to conventional measures for the reduction of 
contaminated meat, kitchen hygiene also plays an important role in the prevention of  human 
campylobacteriosis. 

 

  



 
4 

Hypotheses 
The aim of this study is to compare two broiler housing systems: the Patio system (Vencomatic Group, 
Eersel, the Netherlands) and conventional poultry floor housing systems, for the presence of 
Campylobacter spp. The hypothesis is that the introduction of Campylobacter is less likely in Patio 
systems than in conventional broiler housing systems, because of specific differences in biosecurity. 
It is known that biosecurity plays a crucial role in the introduction of Campylobacter on broilers farms 
(Agunos et al., 2014; Newell et al., 2011). Flies and other insects are known to introduce 
Campylobacter in broiler flocks (Hald et al., 2004; Hald et al., 2008; Bahrndorff et al., 2013; Royden et 
al., 2016). It is hypothesized that flies and other insects are less likely to enter Patio systems than 
conventional broiler houses. This would be due to the relatively closed ventilation system in a Patio 
system in comparison with conventional housing systems (van de Ven et al., 2009). In addition to this, 
insects are also less likely to enter the Patio system during thinning activities, because during this 
process there is almost no air contact between the outdoor environment and the inside of the broiler 
house. In conventional poultry houses a large opening is necessary during thinning activities, often the 
size of an overhead door, and therefore flies are more likely to enter these poultry houses. 

Human traffic on broiler farms is another possible route for the introduction of Campylobacter, 
because Campylobacter can be brought into the poultry house from the external environment, for 
instance through footwear (Evans and Sayers, 2000;  Newell et al., 2011). Thinning a flock is a 
significant risk factor for the introduction of Campylobacter, because potentially contaminated 
materials, clothes and transport crates from catching crews are brought into the poultry houses (Allen 
et al., 2008; Hald et al., 2001; Hue et al., 2010; Smith et al., 2016). In Patio systems farm workers, 
catching crews and transport crates cannot enter the chicken habitat and litter physically. It is 
therefore hypothesized that introduction of Campylobacter in Patio systems is less likely to occur than 
in conventional broiler housing systems.  
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Motivation 
The Vencomatic group (Eersel, the Netherlands) is specialized in poultry housing, egg handling and 
climate for any type of poultry house. Their most important goals are to improve efficiency, 
profitability of poultry production and sustainability. One of their initiatives to help achieve those 
goals is to contribute in finding a solution for the public health issue of Campylobacter infections on 
broiler farm level. The Patio system is designed to house broilers in a system that ensures high animal 
welfare and biosecurity levels. The system is constructed into multiple compartments and each 
compartment consists of two rows of six identical levels (Patio units) on top of each other. The Patio 
system combines a brooding phase with on-farm hatching, and therefore eggs are placed in the system 
at day 18 of the brooding phase. The broiler habitat comprises one Patio unit, with dimensions of 90 
m (length) x 2.34 m (width) x 0.75 m (height) on average. Because of these dimensions a Patio unit 
cannot be entered by humans, only manually from the sides. Chicks are housed on wood shavings or 
pelletised straw covering the floor of the Patio units, which are synthetic Patio belts. The conveyer 
belts are used to depopulate the Patio units, automatically separating the manure from the broilers 
(van de Ven et al., 2009).  

  

 

  

Figure 1: The Patio system consists of multiple 

compartments (cells) 

Figure 2: One compartment consists of two rows 

of six Patio units (levels) on top of each other  

Figure 3: The broiler living habitat 
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Materials and methods  
Study design 
A longitudinal cohort study on presence of Campylobacter spp. in two different broiler housing 
systems was conducted from May to June 2017 in the Netherlands. In the Netherlands 629 broiler 
farms were operational in 2016 (Agrimatie, vleeskuikens, 2016). The majority of these farms were 
conventional poultry houses and only six Patio systems were operational. For this study, 4 Patio 
systems and 4 conventional houses were selected. The selection of Patio systems was based on their 
cycle and suitability for visiting and taking samples in the months May and June. The selection criteria 
for the conventional houses were that they were not free-range or organic, not used on-farm hatching 
and that they performed partial thinning of the flock at least once during the cycle. The farms were 
situated in 4 different provinces of the Netherlands: 1 Patio system and 1 conventional broiler house 
in Zeeland, the other 3 Patio systems in Noord-Holland, 2 conventional broiler houses in Noord-
Brabant and 1 conventional broiler house in Drenthe. The average number of broilers in the 
conventional houses was 33,365, which is 11,635 broilers less than the average number of broilers 
housed per poultry house in the Netherlands, namely 45,000 (KWIN, 2016). In the Patio system, the 
average number of broilers was 157,750 per system and 52,583 per compartment.  

The Patio systems and conventional houses were matched to form 4 pairs in total: Patio 1-
conventional 1, Patio 2-conventional 2, Patio 3-conventional 3 and Patio 4-conventional 4. In both 
housing systems of one pair, progeny from the same broiler breeder flock and from the same hatchery 
was placed at approximately the same time. Although it is assumed that vertical transmission does 
not play a major role in the epidemiology of Campylobacter, using chickens from the same parent 
stock rules out two confounders, namely the differences between both housing systems in terms of 
genotypic variation between chickens and possible vertical transmission of Campylobacter. For the 
Patio system day 0 refers to day of hatch and for conventional broiler houses day 0 was the day one-
day-old chicks arrived at the farm. The difference between the start of two matching cycles of one 
pair, was 6 days on average (range 3-13 days). 

Farms were visited 3 times during one production round: on about 21 days, 28 and 38 days. An 
overview of the exact days and dates farms were visited is provided in table 1. There is a variation in 
days because farms were not visited during the weekends or national holidays and because day of 
slaughter varied between farms. 

 

 

 Visit 1 Visit 2 
 

Visit 3 
 

Activities Place flytraps in house 
Fill out CAMPAS checklist 

Replace flytraps in house 
Sample collection round 1   
 

Collect removed flytraps 
Sample collection round 2  

Housing system    

Patio 1 Day 21 26-05-2017 Day 28 02-06-2017 Day 38 12-06-2017 

Conventional 1 Day 21 23-05-2017 Day 28 30-05-2017 Day 37 09-06-2017 

Patio 2 Day 21 26-05-2017 Day 28 02-06-2017 Day 38 12-06-2017 

Conventional 2 Day 21 01-06-2017 Day 28 08-06-2017 Day 36 16-06-2017 

Patio 3 Day 21 01-05-2017 Day 28 08-05-2017 Day 39 19-05-2017 

Conventional 3 Day 21 04-05-2017 Day 28 11-05-2017 Day 35 18-05-2017 

Patio 4 Day 19 03-05-2017 Day 26 10-05-2017 Day 38 22-05-2017 

Conventional 4 Day 20  17-05-2017 Day 27 24-05-2017 Day 40 06-06-2017 

Table 1: An overview of days and dates farms were visited  
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Literature research 
Literature research was done to determine important on-farm risk factors for the introduction of 
Campylobacter in broiler flocks. CAB Abstracts and Google scholar were used for this research and 
searching terms were ‘on-farm risk factors, Campylobacter, broilers’ and other specific searching 
terms referring to risk factors directly, such as ‘partial depopulation, broilers, Campylobacter’. 
Hypotheses were formulated and the study design was determined using both the knowledge about 
risk factors and about Patio systems.  

CAMPAS 
The CAMPAS checklist was developed by Wageningen University and Research to inventory relevant 
risk factors regarding the introduction of Campylobacter on poultry farms in a structured and 
reproducible way (CAMPAS, 2017). In this study the CAMPAS checklist was used both to define the 
level of biosecurity and to gain insight in the exact risk factors present on the farms. Farmers filled out 
the CAMPAS checklists themselves. Risk factors were arranged in five different categories, which were 
farm site, farm hygiene, stable hygiene, materials and vehicles and pest conventional. For each 
category, a certain score was assigned to the farm, based on the number of risk factors. The range of 
scores per category is 0.0 to 6.0 and in total 30 points can be acquired. A lower score is indicative for 
better biosecurity on the farm. This CAMPAS checklist can be found in annex 2.   

Sample collection 

1. Swabs of cecal droppings 
Swabs of cecal droppings were collected at day 28 (range 26-28) before partial thinning and at day 38 
(range 35-40) after partial thinning on all participating farms. The second round of sampling was 
performed about 7 days (range 5-8) after the partial thinning. As stated before, thinning may affect 
the presence of Campylobacter because of the involved risk of introduction. Samples were taken 
before transport to the slaughterhouse and not at the slaughterhouse, because of the risk of cross-
contamination and potentially false positive results (Herman et al., 2003).  

The average number of broilers in a conventional broiler system in the Netherlands is 45,000 and in 
the Patio system approximately 50,000 broilers are housed per compartment (KWIN, 2016). Sample 
size calculation, performed with the website Ausvet, Epitools, indicated that one set of seven pools 
was needed to be able to detect at least 10% Campylobacter positive animals at a 95% confidence 
level in a population of 45,000-50,000 animals. One COPAN Transystem® dry swab (COPAN, Btescia, 
Italy) was used for every pool and the swab itself was inserted successively and directly into five fresh 
cecal droppings. The Amies Agar Gel Medium transport tubes were used for storage of each individual 
pool. The pools were stored at room temperature during transport to the laboratory. In the 
conventional broiler houses, the samples were taken randomly through the houses in such a way that 
the front, middle and back of the house were covered and no cecal dropping was sampled two times. 
In the Patio systems, one pool was taken from five cecal droppings distributed over the length of one 
Patio unit (level). In one Patio compartment, the first 3 pools were taken from level 1, 3 and 5 from 
one row and the next 4 pools from levels 1, 2, 4 and 6 of the other row. The number of pools taken 
per sample collection round per housing system are displayed in annex 3. 

 
The diagnostic test for the presence of Campylobacter is derived from the Manual of Diagnostic Tests 
and Vaccines for Terrestrial Animals (OIE, 2017). Bacterial analysis was performed in the laboratory 
for Clinical Infectiology at the Faculty of Veterinary Medicine, University of Utrecht. Test specificity is 
100% and the sensitivity is known to be high, but the exact percentage is unknown. It is estimated that 
sensitivity of the test is 90% (personal communication prof. dr. J.A. Wagenaar).  
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In the laboratory each swab representing one pool of five cecal samplings was streaked directly onto 
Charcoal Cefoperazone Deoxycholate (CCD) blood-free selective agar (Oxoid, Basingstoke, UK). These 
CCDA plates were incubated at 42 °C during 48 hours in a microaerobic atmosphere (6% O2, 6% CO2, 
4% H2 in N2) and assessed afterwards by experienced laboratory personnel. Characteristic 
Campylobacter colonies were gram-stained and examined by microscope for typical spiral-shaped, 
gram-negative bacteria. When bacteria matched the previous description, the original colony was 
transferred from the CCDA plate onto a Columbia agar with sheep blood plus plate (Oxoid, 
Basingstoke, UK) and incubated for 48 hours. MALDI-TOF was then used to confirm the presence of 
Campylobacter on the plate and to identify the subtype.  

2. Flytraps 
In order to catch flies and insects in both housing systems, 
sticky sheets from the Silvalure system® were applied and 
replaced weekly, as described in Hald et al., 2008. The size of 
all sheets was 20 x 30 cm (see photo 1). Flytraps were placed 
in all housing systems for exactly 14 days during one round: 
they were placed in the houses at about 21 days, replaced at 
28 days and removed at 35 days. 

The number of sheets was estimated based on the surface of 
the broiler living area in both housing systems. This included all 
area chickens themselves have entrance to and excluded other 
spaces, such as the ante room. Exact data about these surfaces 
per farm was not yet available before the study design was 
determined and therefore an average was calculated. The 
average broiler living area in one Patio compartment was 2530 m2, based on the dimensions of the 4 
Patio systems participating in this research and 2250 m2 in an average conventional housing system 
in the Netherlands (KWIN, 2016). Nine sheets were placed in conventional broiler houses and ten 
sheets per Patio compartment, since the living area of broilers in Patio systems was on average 1.12 
times larger. The exact dimensions of the broiler living areas were known after all farms had been 
visited. A correction factor was used to calculate the number of caught insects, as shown in table 2, 
based on the assumption that the number of insects was equally distributed throughout the houses. 

 

 

 

Farm Surface living area (per 
compartment) in m2 

Number of flytraps 
placed 

m2 sampled per flytrap Correction factor  

Patio 1 2571  10 257.1 1.18 

Patio 2 2571 10 257.1 1.18 

Patio 3 2185 10 218.5 1.00 

Patio 4 3000 10 300.0 1.37 

Conventional 1 1443 9 160.3 0.73 

Conventional 2 1836 9 204.0 0.93 

Conventional 3 1474 9 163.8 0.75 

Conventional 4 1000 9 111.1 0.51 

Average 2073.5  218.3  

Photo 1: Example of a  flytrap 

Table 2: Details used for the calculation of the flytrap correction factor per farm 
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The flytraps were positioned in the houses avoiding places with (high) air 
velocity, since true flies (order Diptera) are not likely to be in such places 
(personal communication H.H. Ellen and J.W.M. van Schip). In conventional 
housing systems nine traps were equally distributed within the houses: 3 
sheets were placed in the forward half of the house, evenly distributed 
over the width of it. 3 sheets were placed in the middle and 3 sheets in the 
back end of the house, in the exact same way, at about 50 cm above the 
floor. Photo 2 shows how the flytraps were attached to the feed-or 
drinking lines inside these houses.  

In the Patio housing systems two different methods were used for the 
positioning of the flytraps inside the houses. In the Patio systems 3 and 4 
flytraps attached to metal meshes were placed onto the rails of the setter 
trays inside the Patio units, which was also the chicken habitat. Figure 1 
and photo 3 visualise this method. With this method, flytraps were hanging 
approximately 50 cm above the floor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 2: Example of a flytraps placed 

in a conventional broiler house  

Figure 4: Schematic view of a metal mesh 

with flytrap placed inside a Patio unit 

Attached flytrap  

Photo 3: Example of a metal mesh 

with flytrap placed inside a Patio unit 

Metal mesh  
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The system of placing metal meshes with flytraps on the setter trays, 
appeared to be not robust enough: many traps were separated from the 
metal meshes and could not be retrieved. It was therefore decided to use 
a different method in Patio system 1 and 2. In these systems the flytraps 
were tacked onto the system in the inner corridor, between the two rows 
of an compartment and at different levels, as shown in photo 4. An 
overview of the locations and number of flytraps placed in both housing 
systems is given in annex 4. 

In addition to the sheets in the living area of the broilers, in the poultry 
house, additional sheets were placed in variable locations expected to be 
possible entrance locations for insects on the farm. These locations 
included the hygiene barrier, close to the overhead door and close to the 
ventilation fans. Data from these flytraps were not included in the 
comparison of the influx of insects between the housing systems, because 
they could not be standardised.  

The sticky side of all individual collected traps was covered with cling 
film, in order to protect the traps from clinging together. The collected 
traps were taken to the lab on the Faculty of Veterinary Medicine, 
University Utrecht and stored in a dry place at room temperature. 
Farmers removed the flytraps themselves exactly seven days after the second visit, i.e. around day 35. 
Again, traps were individually covered with cling film and stored by the farmer on a dry place at room 
temperature. The removed traps were taken to the same laboratory in Utrecht during the last visit. 

After collection of all flytraps from all housing systems, the number of caught insects was quantified. 
Determination of caught insects was not possible because that requires a detailed study of the 
morphology of the insects, which was impossible due to the inability to detach the insects from the 
sticky sheets. The insects were quantified and subdivided into one of five categories, based on its size 
from its head (antennas excluded) to the terminal abdominal segment. The categories are catalogued 
in table 3. The categories were used to obtain a general impression of the -potential- types of insects 
and flies present on the traps. For instance: houseflies (Musca domestica), which are known for their 
ability to introduce Campylobacter in broiler flocks, are about 7 mm long and would therefore belong 
to category 3 in this study (Smallegange and Den Otter, 2007). 

 

 

 

 
 

 

 

 

 
  

Category Length of head to terminal 
abdominal segment in mm 

1 <2,5 

2 2,5-5 

3 5-10 

4 10-15 

5 >15 

Table 3: Method used to assess caught insects on flytraps 

Photo 4: Example of a flytrap 

attached to the Patio system in the 

compartment inner corridor 
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Statistical analysis 

1. Swabs of cecal droppings 
The bacteriological analysis of the swabs (pools) resulted in either a positive or negative result per 
housing system per sampling round. For statistical analysis for each sampling round two-way 
contingency tables of observed frequencies was made. McNemar’s test was used to test the null 
hypothesis that the true proportions of Campylobacter positive housing systems were equal. The 
McNemar’s test and 95% confidence interval were calculated. The result was considered statistical 
significant if the p-value is <0.05. 

2. Flytraps 
Several assumptions were made with regard to the flytraps. First of all, the number of insects on the 
unusable or lost flytraps were assumed to be equal to the average of the flytraps analysed for that 
housings system in the same week. The number of insects was corrected for the true surface of the 
broiler living areas per housing system, as shown in table 2, assuming that insects were equally 
distributed over these surfaces in all houses. Finally, the assumption was made that both methods (1 
and 2) for catching insects in Patio systems were comparable. For the statistical analysis of the flytrap 
data an independent t-test with bootstrapping was performed in IBM SPSS 24 on the number of insects 
per housing system per week, the numbers of insects per farm per week, the number of category 3 
insects/flies per housing system per week and the difference between the number of insects on 
flytraps and category 3 insects for both types of housing system between the two weeks. 
Bootstrapping was performed because the data was not expected to be normally distributed. 

Results  
Literature research  
Horizontal transmission plays the most important role in the epidemiology of Campylobacter spp. in 
broiler flocks. Various risk factors for the introduction of these bacteria are known. Annex 1 provides 
an overview of risk factors.  

CAMPAS 
Table 4 and diagram 1 display the scores of the CAMPAS checklist per farm. Patio 4 had the lowest 
CAMPAS score: 1.6 and conventional house 1 had the highest CAMPAS score: 13.5. According to these 
results, biosecurity levels were scored higher by farmers of Patio systems than by farmers of 
conventional broiler houses: the average Patio system score was 4.0 and conventional house score 
was 10.7. Farm hygiene, materials and vehicles and pest control were the categories that particularly 
determined the differences between both housing systems. 

 

 

Farm 1 
Farm 
 site 

2 
Farm 

hygiene 

3 
Stable 

hygiene 

4 
Materials and 

vehicles 

5 
Pest 

conventional 

 
Total score 

Patio 1 0.0 2.2 0.5 0.4 1.3 4.4 

Patio 2 0.0 2.2 0.5 0.4 1.3 4.4 

Patio 3 2.6 1.7 0.5 0.0 0.9 5.7 

Patio 4 1.0 0.6 0 0.0 0.0 1.6 

Conventional 1 2.6 3.3 3.0 2.0 2.6 13.5 

Conventional 2 2.2 3.3 1.5 1.5 1.7 10.2 

Conventional 3 1.9 2.8 2.3 1.1 2.6 10.7 

Conventional 4 1.9 2.8 0.7 1.1 1.7 8.2 

Table 4: Schematic view of the CAMPAS scores per farm 
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Diagram 1 provides a schematic view of the CAMPAS scores per individual farm. The most important 
finding was that the level of biosecurity in Patios systems was generally considered better than in 
conventional housing systems.  

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

Sample collection 

1. Swabs of cecal droppings 
Table 5 displays the results of the first round of sampling. Broiler flocks in all housing systems tested 
negative for the presence of Campylobacter. No statistical analysis was performed on data from the 
first round of sampling, because all samples were negative for Campylobacter.  
 
 

 
Table 6 displays the results of the second round of sampling. Broiler flocks in all Patio systems tested 
negative for the presence of Campylobacter. Three conventional houses tested negative and 
conventional house 1 tested positive: Campylobacter jejuni colonies were present in all seven tested 
pools. Between the two housing systems the proportion of positive outcomes was compared. For 
Patio zero out of four systems was positive, whereas one out of four control stables was positive, 
which results in a difference in the proportion of positive stables of 0.25 (25%) between both housing 
systems. This difference in farm prevalence was statistically significant with a 95% confidence interval 
for this proportion difference of 0.006-0.806. This indicates that we can be 95% confident that the 
actual difference in Campylobacter prevalence for Patio systems versus conventional broiler houses 
ranged between 0.6% and 80.6%, which implies that the reliability of the data is very low. 
  

Housing system  Conventional house  Total no. pairs 

  Positive  Negative  

Patio system Positive  0 0 0 

 Negative 0 4 4 

Total no pairs.    4 

Table 5: Presence of Campylobacter per matched pair of Patio and control stables in the first round of sampling 

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0

Patio 4

Patio 3

Patio 2

Patio 1

Control 4

Control 3

Control 2

Control 1

Results CAMPAS

1 Farm site

Farm hygiene

3 Stable hygiene

4 Materials and vehicles

5 Pest control

Diagram 1: CAMPAS scores per farm per category 
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2. Flytraps  
The average number of insects is displayed in diagram 2 for the first week (t=1) and second week 
of measurement (t=2) for both housing systems. Apparently, insects emerged in both housing 
systems, but not to the same extent. In control stables in total more insects were caught than in 
Patio systems. In the first week the average number of insects caught in control stables was 69.4 
and 33.2 in Patio systems. In the second week the average number of insects caught in control 
stables was 107.0 and 42.7 in Patio systems. In the second week the number of caught insects had 
increased in both housing systems and this increase was larger in the control stables. 

 
 

 

An independent t-test with bootstrapping was performed in SPSS 24 on the data from the flytraps. 
The total number of insects on the traps in both weeks was corrected for the surface covered by one 
flytrap on all individual farms, as described in the materials and methods section. Table 7 displays the 
results of the statistical analysis in SPSS. The mean difference between both housing systems was 35.5 
flies in the first week (t=1) and 63.3 in the second week (t=2). The difference between the two weeks 
was an increase of 28.9 flies from the first to the second week for both housing systems together. This 
increase was visible in both housing systems from the first to the second week. These mean 
differences and the difference in number of insects between both weeks were not statistically 
significant. Therefore it cannot be concluded that there is an actual difference between the number 
of insects between both housing systems and between the two weeks of measurement in both 
housing systems together.   

 

Housing system  Conventional house  Total no. pairs 

  Positive  Negative  

Patio system Positive  0 0 0 

 Negative 1 3 4 

Total no. pairs    4 

Table 6: Presence of Campylobacter per matched pair of Patio and control stables in the second round of sampling 

 

0 20 40 60 80 100 120

PATIO T=2

CONTROL T=2

PATIO T=1

CONTROL T=1

Average number of insects per housing system

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5

Diagram 2: Average number of insects per control stable or Patio compartment in the first week (t=1) 

and the second week (t=2) 

 

) 
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Moment Mean difference in number of 
insects between housing systems 

p-value 95% confidence interval 

t=1 35.5 insects 0.120 3.7 to 66.4 flies 

t=2 63.3 insects 0.158 5.1 to 134.3 flies 

Difference between t=1 and t=2 28.9 insects 0.416 0.5 to 72.4 flies 

 
The number of insects caught per individual farm showed quite some variation. Diagram 3 shows the 
number of insects caught per control stable in both weeks and diagram 4 shows the same for all Patio 
systems. Note that the number of insects per Patio system represents the average number of insects 
per compartment.  
 
 
 
 
 
 
 
 
 
 
 
 
  

0,0 50,0 100,0 150,0 200,0

CONTROL 4 T=2

CONTROL 4 T=1

CONTROL 3T= 2

CONTROL 3 T=1

CONTROL 2 T=2

CONTROL 2 T=1

CONTROL 1 T=2

CONTROL 1 T=1

Number of insects per controle house

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5

Table 7: Results independent t-test with bootstrapping in SPSS 24 total number of insects 

 

0,0 50,0 100,0 150,0 200,0

PATIO 4 T=2

PATIO 4 T=1

PATIO 3 T=2

PATIO 3 T=1

PATIO 2 T=2

PATIO 2 T=1

PATIO 1 T=2

PATIO 1 T=1

Number of insects per Patio system per compartment

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5

Diagram 3: Average number of insects per control stable in the first week (t=1) and the second week 

(t=2) 

 

) 

 

Diagram 4: Average number of insects per Patio system per compartment in the first week (t=1) 

and the second week (t=2) 

 

) 
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Table 8 displays the average percentages of insects per category in both housing systems in both 
weeks of measurement. Category 1 insects represented the majority of insects caught. Category 3 
insects were more present in Patio systems in both weeks than in control stables: 7.8% vs. 4.4% and 
7.0% vs. 5.0%. Category 5 insects were only present in control stables during the second week of 
measurement. Note that no statistical analysis was performed on the data from table 8. 

 

 
Category 3 insects were present in both housing systems and more often in Patio systems than control 
stables. Table 9 shows the results of the statistical analysis of category 3 insects in both housing 
systems. The mean difference in category 3 insects between both housing systems is 0.5 in the first 
week and 2.4 in the second week. The difference between both weeks is an increase of 2.0 insects in 
both housing systems together. This increase was visible in both housing systems from the first to the 
second week. These differences were not statistically significant. Therefore it cannot be concluded 
that there is an actual difference in category 3 insects between both types of housing systems.  
 
 
 

Moment Mean difference category 3 insects 
between housing systems 

p-value 95% confidence interval 

t=1 0.5 insects 0.876 -4.8 to 6.0 flies 

t=2 2.4 insects 0.559 -8.5 to 3.8 flies 

Difference in cat. 3 insects 
between t=1 and t=2 

2.0 insects 0.210 0.87 to 4.6 flies 

 

 

 
 
 

 
  

Housing system Week 
(t=x) 

Cat. 1 
0-2.5 mm 

Cat. 2 
2.5-5 mm 

Cat. 3 
5-10 mm 

Cat. 4 
10-15 mm 

Cat. 5 
>15 mm 

Sum 

Patio system  1 89.0 2.9 7.8 0.3 0.0 100.0 

Control stable 1 87.9 7.3 4.4 0.5 0.0 100.0 

Patio system 2 69.4 23.0 7.0 0.2 0.0 100.0 

Control system  2 86.4 7.1 5.0 0.4 1.1 100.0 

Table 8: Average percentage of insects per category in both housing systems in both weeks 

 

Table 9: Results independent t-test with bootstrapping in SPSS 24 for category 3 insects 
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Discussion 
In this longitudinal cohort study, two housing systems were compared for the presence of 
Campylobacter spp. The hypothesis was that the introduction of Campylobacter spp. was less likely to 
occur in Patio systems than in conventional broiler housing systems, because of specific differences in 
biosecurity. This hypothesis was based on two underlying hypotheses. The first hypothesis was that 
the level of influx of insects in the Patio system was less than in conventional housing systems, due to 
a relatively closed ventilation system. Moreover, insects were also less likely to enter the Patio system 
during thinning activities. Secondly, it was thought that the introduction of Campylobacter in Patio 
systems was less likely to occur because farm workers, catching crews and transport crates cannot 
enter the chicken habitat and litter physically.  
 
All pools in all 4 Patio stables and 4 conventional control stables, collected prior to partial thinning, 
around day 28, tested negative for the presence of Campylobacter. Around day 38, 5-8 days after 
partial thinning, all Patio systems were negative and one of the conventional broiler houses (control 
stable 1) tested positive. This result was statistically significant, but the actual difference in 
Campylobacter farm prevalence for conventional houses vs. Patio systems ranged between 0.6% and 
80.6%, which implies that the reliability of the data is very low. A larger sample size or testing more 
consecutive broiler flocks on the farms is preferred to obtain more a reliable estimation of farm 
prevalence. Partial thinning was performed in both housing systems between the two rounds of 
sampling. It is known that partial thinning is a significant risk factor for the introduction of 
Campylobacter in the remaining broiler flock (Smith et al., 2016, Hald et al., 2000, Hue et al., 2010). In 
the study of Allen et al. flocks became entirely positive within 2-6 days of the start of thinning and in 
this study 5-8 days passed between thinning activities and the second round of sampling, which could 
have enabled potentially introduced Campylobacter to spread within the broiler flock (Allen et al., 
2008). Future studies could focus on this moment of thinning by sampling the broiler flock more 
intensively, short before and short after thinning and taking samples of materials used, such as 
vehicles, clothing, footwear and transport crates of the catching crew. This would provide more insight 
as to in which extent partial thinning may be the explanation when a broiler flock tests positive for 
Campylobacter. Another known risk factor for introduction is human traffic. The fact that we visited 
the farms 3 times may also have posed a risk for introduction. However, strict biosecurity protocols 
were followed which makes this route of introduction less likely. 
 
Vertical transmission as source of Campylobacter in conventional broiler house 1 is unlikely. Broilers 
in Patio system 1 originated from the same broiler breeder flock and hatchery, and remained 
Campylobacter negative. Furthermore, during the first sampling moment at day 28 conventional 
broiler house 1 tested negative. If vertical transmission would have played a role, it was expected that 
both broiler flocks would test positive at the same time, after maternal antibody titres would have 
decreased (Sahin et al., 2003). Theoretically, the Campylobacter strains should correspond and be of 
the same genotype as the parent breeder flock. However, many studies reported that Campylobacter 
strains colonizing broiler flocks have different genotypes than their parent breeder flocks, which 
makes vertical transmission less likely than horizontal transmission from the environment (Sahin et 
al., 2015). Patio system 1 could also have stayed negative because of antibiotic treatment. Antibiotics 
were administered to two broiler flocks of one pair. In Patio system 1 the antibiotic trimethoprim-
sulfamethoxazole was administered from day 18-22 (Methoxasol-T©) and day 24-26 (Methoxasol 
20/100©) and tylosin (Tylan© WO) from day 26-29 (CBG-MEB, 2017). The antibiotic trimethoprim-
sulfamethoxazole is effective against both gram positive and gram negative bacteria and is also 
eliminated through the feces. Tylosin is mostly effective against gram positive bacteria and some gram 
negative bacteria, including Campylobacter spp. Campylobacter is most likely resistant to 
trimethoprim-sulfamethoxazole (both to the trimethoprim and sulpha component). However, C. 
jejuni, and to a lesser extend C. coli, are susceptible for macrolides including tylosin. This treatment 
could have influenced the results (Fliegelman et al., 1985, Osaili and Alaboudi, 2017).   
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In control stable 1 phenoxy-methylpenicillin (Phenoxypen© WSP) was administered from day 14-19. 
This small spectrum beta lactam antibiotic is used against gram positive bacteria and no effect from 
the administration of this product is expected on possible present Campylobacter spp. in the broiler 
flock. 

On the positive control farm, Campylobacter jejuni was isolated from all pools. Campylobacter jejuni 
is known to be the most prevalent Campylobacter spp. in poultry (EFSA, 2010). It is also the subspecies 
responsible for 80% of human Campylobacteriosis cases in the European Union (EFSA, 2015). It should 
be noted that the test sensitivity of 90% was assumed to detect at least 10% Campylobacter positive 
broilers in a flock, but this sensitivity was not certain. Given a transmission rate of 2.37 ± 0.295 
infections per colonized bird per day, 10% prevalence is accomplished very quickly. This transmission 
rate implies that in a flock of 20,000 broilers within-flock prevalence of C. jejuni would increases to 
95% within 4.4 to 7.2 days after colonization of the first broiler (van Gerwe et al., 2009). Rapid spread 
of Campylobacter in the broiler flock ensures the flock to be either entirely positive or negative at 
slaughter (Jacobs-Reitsma et al., 1995, Wagenaar et al., 2013). It is unknown if test sensitivity truly 
was 90%. If test sensitivity had been 80% one set of 7 pools sampling 5 cecal droppings per pool would 
have revealed a prevalence of 20%. The chance would still have been very high that we could have 
measured Campylobacter colonization of a broiler flock, even if the true test sensitivity had been 
lower. 
 
It is noteworthy that control farm 1, which tested positive for Campylobacter at about 38 days, had 
the highest score in the CAMPAS checklist. However, although certain risk factors for the introduction 
of Campylobacter were applicable to control stable 1, such as drinking water from a well, other 
livestock adjacent to the broiler farm, multiple broiler houses on the premises, the presence of pets 
on the farm, etc., these factors were also present on several other farms that stayed negative. 
Regarding the CAMPAS score control stable 1 appeared to have the highest ‘risk’ of Campylobacter 
being introduced compared to the other farms, based on biosecurity. However, it is important to note 
that the CAMPAS checklist was filled in by the farmers themselves and that their individual 
interpretation of questions may have influenced the outcome. Also, it is known that not one 
biosecurity related factor predominates, but that improved biosecurity can decrease the risk of a flock 
becoming Campylobacter-positive (Newell et al., 2011). The CAMPAS results showed that Patio 
systems in general have better biosecurity levels than conventional ground stables, which strengthens 
the hypothesis that Campylobacter is less likely to occur in Patio systems.  
 
The prevalence of Campylobacter positive flocks in this study, based on the results of one round of 
sampling and eight sampled flocks, is estimated to be 12.5%. This deviates from the average 
prevalence of Campylobacter positive flocks in the Netherlands. A weekly monitoring carried out from 
January to December 2016 in all 16 poultry slaughter houses in the Netherlands showed that 55.5% 
of the incoming flocks were not or very low shedding and 44.5% of the flocks was high shedding 
Campylobacter (>10.000 CFU/g cecal feces). The number of incoming colonized batches differed 
between slaughter houses with a range of 17 to 100% (NEPLUVI, 2017). The estimated prevalence in 
this study is not accurate, because only eight flocks were sampled and this number is insufficient to 
calculate a reliable average. In addition, the prevalence of Campylobacter shows strong seasonality in 
North European countries, with a gradual rise in spring and peak in July and August (Jore et al., 2010, 
Ellis-Iversen et al., 2009, Lawes et al., 2012). In this study, all sampling rounds were performed in May 
and June. It is possible that Campylobacter prevalence will be higher in broiler flocks and the potential 
difference between the two housing systems more accentuated, when samples are taken during these 
peak months.  
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The population broilers used in this experiment was moderately representative for the population 
broilers in the Netherlands. To a certain extent, the selection of the farms with the two different 
housing types was random. CAMPAS revealed that the level of biosecurity differed between farms and 
in general between the two types of housing systems. The question is whether in this study the 
difference of Campylobacter between housing systems has been studied properly, given the fact that 
biosecurity levels of both housing systems and farms were not equal. In further research, it would be 
best to match biosecurity levels between farms to ensure that the housing system is the only 
explanatory variable of the difference in occurrence of Campylobacter.  
 
It was hypothesized that flies and other insects were less likely to enter Patio systems than 
conventional broiler houses. This would be due to the relatively closed ventilation system. Insects 
were less likely to enter Patio systems during thinning activities, because there is almost no air contact 
between the outdoor environment and inside of the broiler house. This study showed that insects 
emerge in both housing systems, but not to the same extent. In control stables in total more insects 
were caught during both weeks of measurement than in Patio systems. In the second week the 
number of caught insects had increased in both housing systems. The earlier posed hypothesis could 
explain the difference in number of insects between both housing systems. It is possible that the 
amount of air contact between the outdoor environment and inside of the broiler house during 
thinning activities has had an effect on the increasing number of insects in the second week in all 
control stables. However, it is not known whether insects caught on the flytraps were insects that 
actually entered the broiler houses with the influx of ventilation air or that their habitat was already 
inside of the broiler house. Poultry houses are suitable living and breeding areas for houseflies (Musca 
domestica; Insecta: Diptera: Musciadae) because of the temperature, humidity and abundance of food 
(Mul et al., 2015). There are many other factors that may influence the number of insects in broiler 
stables, such as season and weather conditions, the number of flies in the outdoor environment of 
the stables and the flow of ventilation air (m3/h) (Hansson et al., 2007, Hald et al., 2008). In this study, 
no correction for the difference of these factors between farms was performed. In all 4 control stables 
no insect/fly control measures were taken. In the ante rooms Patio system 1 and 2 electric flytraps 
with blue light were used and in Patio system 4 chemical insect repellent was used in the ante room 
and office. In Patio system 3 no insect control measures were taken. The use of anti-insect control 
measures could have influenced the number of insects caught in both housing systems, although in 
Patio system 3 the lowest number of insects was caught in comparison with the other Patio systems. 
The occurrence of certain risk factors on farms, such as insects or pests could of course directly 
influence the motivation of farmers to take such control measures. This may explain the absence of 
both control measures against insects/flies and the low number of insects caught in Patio system 3. 
 
It has not been studied whether the insects caught in this study were Campylobacter positive or 
negative. To study this, insects had to be detached from the traps and analysed with PCR. This analysis 
is costly and the information it would provide in this study was considered doubtful, because no 
differentiation was possible from the glue traps between Campylobacter positive insects that entered 
the poultry house with the influx of ventilation air or insects that picked up Campylobacter from feces 
within the poultry house in case of a Campylobacter positive broiler flock. In other studies polyester 
nets were used to trap insects in ventilation vents and wall inlets (Hald et al., 2004, Hald et al., 2008). 
This method is better suitable for determination whether caught insects carried Campylobacter spp. 
or not. 
 
On average 83% of the caught insects in both housing systems in this study together were very small 
and belonged to category 1. In another study in which glue traps were used to catch insects in broiler 
houses, 79.7% of the caught insects were 1-4 mm (Hald et al., 2008). The importance of these small 
flies in the transfer of Campylobacter to broiler flocks has not been studied, but technically all insects 
may be mechanical vectors for bacteria like Campylobacter (Smallegange and Den Otter, 2007).  
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Primarily the housefly (Musca domestica) is considered to be an important temperature related factor 
in the epidemiology of Campylobacter (Hald et al., 2004; Royden et al., 2016). In Denmark, multiple 
studies have been performed with the application of flyscreens, showing significant reductions in the 
number of Campylobacter positive flocks (Hald et al., 2007; Bahrndorff et al., 2013). Although insects 
could not be determined from the flytraps, the insects belonging to category 3 could fulfil a signalling 
function for the risk Campylobacter is introduced to a broiler flock by houseflies. In this study category 
3 insects emerged in both types of housing systems in both weeks of measurement and it can 
therefore not be excluded that insects could play a role in the introduction of Campylobacter in broiler 
flocks in these housing systems. 
 
The mean differences in insects caught between the housing systems in both weeks and the difference 
in number of insects from both housing systems between both weeks were not statistically significant. 
The difference in category 3 insects was also not statistically significant. Therefore it cannot be 
concluded that there is an actual difference between the housing systems in terms of the number of 
insects. In addition, many assumptions have been made regarding this study of insects and no 
corrections have been implemented for other factors that may influence the number of insects in the 
broiler houses. In further studies, these factors should be taken into account when determining the 
study design. 
 
In the past years the relationship between biosecurity and the introduction of Campylobacter in 
broiler flocks has been well established. However, it is also recognized that biosecurity alone cannot 
ensure Campylobacter negative flocks (EFSA, 2011). Therefore studies into complementary measures 
to increase resistance to, or reduce colonization of broilers with Campylobacter should be conducted. 
Further research about the occurrence of Campylobacter in Patio systems and conventional broiler 
housing systems is recommended. Further studies into housing systems should correct for the 
different levels of biosecurity on farms. It is recommended to use a larger sample size to obtain a more 
reliable estimation of farm prevalence. 
 

Acknowledgements 
I am grateful to dr. F.C. Velkers ECPVS for her support in all aspects of this study. I am also grateful to 
the Vencomatic Group for the opportunity to perform this study and the instructive internship they 
offered me. Special thanks to prof. dr. J.A. Wagenaar and A.J. Timmerman for enabling bacterial 
analysis in the laboratory for Clinical Infectiology at the Faculty of Veterinary Medicine, University of 
Utrecht. Thanks to H.H. Ellen and M.G.J. Koene MSc for sharing their experience in studying 
Campylobacter and providing the CAMPAS checklist. Special thanks to all the farmers that participated 
in this research: I always felt welcome on your farms and I have gained a lot of practical experience 
because of that. 

 

  



 
20 

References  
Agrimatie, vleeskuikens, 2016, Wageningen University, accessed on 05-05-2017, 
http://www.agrimatie.nl/ThemaResultaat.aspx?subpubID=2232&themaID=2286&indicatorID=2015  

Agunos, A., Waddell, L., Léger, D., & Taboada, E. (2014). A systematic review characterizing on-farm 
sources of Campylobacter spp. for broiler chickens. PLoS One, 9(8), e104905.  

Allen, V. M., Weaver, H., Ridley, A. M., Harris, J. A., Sharma, M., Emery, J., & Edge, S. (2008). Sources 
and spread of thermophilic Campylobacter spp. during partial depopulation of broiler chicken flocks. 
Journal of Food Protection®, 71(2), 264-270. 

Ausvet, Epitools epidemiological calculators, accessed on 07-02-2017, 
http://epitools.ausvet.com.au/content.php?page=home  

AVEC, 2016, Association of Poultry Processors and Poultry Trade, accessed on 07-02-2017, 
http://www.avec-poultry.eu/system/files/archive/new-
structure/avec/Annual_Report/2016/AR%201-52%20%2817-08-16%29%20BAT.pdf  

Bahrndorff, S. (2013). Foodborne Disease Prevention and Broiler Chickens with Reduced 
Campylobacter Infection-Volume 19, Number 3—March 2013-Emerging Infectious Disease journal-
CDC. 

Berrang, M. E., Buhr, R. J., Cason, J. A., & Dickens, J. A. (2001). Broiler carcass contamination with 
Campylobacter from feces during defeathering. Journal of food protection, 64(12), 2063-2066. 

Berrang, M. E., Smith, D. P., Windham, W. R., & Feldner, P. W. (2004). Effect of intestinal content 
contamination on broiler carcass Campylobacter counts. Journal of food protection, 67(2), 235-238. 

Bolton, D. J. (2015). Campylobacter virulence and survival factors. Food microbiology, 48, 99-108.  

Bull, S. A., Allen, V. M., Domingue, G., Jørgensen, F., Frost, J. A., & Humphrey, T. J. (2006). Sources of 
Campylobacter spp. colonizing housed broiler flocks during rearing. Applied and Environmental 
Microbiology, 72(1), 645-652. 

CAMPAS, 2017: Houd Campylobacter buiten de vleeskuikenstal versie 1, Wageningen  University and  
Research 

Cawthraw, S. A., Wassenaar, T. M., Ayling, R., & Newell, D. G. (1996). Increased colonization 
potential of Campylobacter jejuni strain 81116 after passage through chickens and its implication on 
the rate of transmission within flocks. Epidemiology and infection, 117(01), 213-215. 

CBG-MEB 2017, College ter Beoordeling van Geneesmiddelen, accessed on 12-07-2017, 
https://www.diergeneesmiddeleninformatiebank.nl/nl/  

Domingues, A. R., Pires, S. M., Halasa, T., & Hald, T. (2012). Source attribution of human 
Campylobacteriosis using a meta-analysis of case-conventional studies of sporadic infections. 
Epidemiology and Infection, 140(6), 970. 

Doorduyn, Y., Van Den Brandhof, W. E., Van Duynhoven, Y. T. H. P., Breukink, B. J., Wagenaar, J. A., & 
Van Pelt, W. (2010). Risk factors for indigenous Campylobacter jejuni and Campylobacter coli 
infections in The Netherlands: a case-conventional study. Epidemiology and infection, 138(10), 1391-
1404. 

EFSA 2010, Analysis of the baseline survey on the prevalence of Campylobacter in broiler batches 
and of Campylobacter and Salmonella on broiler carcasses in the EU, 2008, Part A: Campylobacter 
and Salmonella prevalence estimates.  EFSa Journal 2010; 8(03):1503. 

http://www.agrimatie.nl/ThemaResultaat.aspx?subpubID=2232&themaID=2286&indicatorID=2015
http://epitools.ausvet.com.au/content.php?page=home
http://www.avec-poultry.eu/system/files/archive/new-structure/avec/Annual_Report/2016/AR%201-52%20%2817-08-16%29%20BAT.pdf
http://www.avec-poultry.eu/system/files/archive/new-structure/avec/Annual_Report/2016/AR%201-52%20%2817-08-16%29%20BAT.pdf
https://www.diergeneesmiddeleninformatiebank.nl/nl/


 
21 

EFSA 2011, Scientific Opinion on Campylobacter in broiler meat production: conventional options 
and performance objectives and/or targets at different stages of the food chain. EFSa Journal 2011; 
9(4):2105 

EFSA 2012, Scientific Opinion on the public health hazards to be covered by inspection of meat 
(poultry). EFSA Journal 2012;10(6):2741.  

EFSA 2015, The European Union summary report on trends and sources of zoonoses, zoonotic 
agents and food-borne outbreaks in 2013. EFSa Journal, 13(1).  

EFSA 2017, Campylobacter, accessed on 07-02-2017, 
https://www.efsa.europa.eu/en/topics/topic/Campylobacter 

Ellis-Iversen, J., Jorgensen, F., Bull, S., Powell, L., Cook, A. J., & Humphrey, T. J. (2009). Risk factors for 
Campylobacter colonisation during rearing of broiler flocks in Great Britain. Preventive veterinary 
medicine, 89(3), 178-184. 

Evans, S. J., & Sayers, A. R. (2000). A longitudinal study of Campylobacter infection of broiler flocks in 
Great Britain. Preventive veterinary medicine, 46(3), 209-223.  

Fliegelman, R. M., Petrak, R. M., Goodman, L. J., Segreti, J., Trenholme, G. M., & Kaplan, R. L. (1985). 
Comparative in vitro activities of twelve antimicrobial agents against Campylobacter 
species. Antimicrobial agents and chemotherapy, 27(3), 429-430. 

Haagsma, J. A., Siersema, P. D., De Wit, N. J., & Havelaar, A. H. (2010). Disease burden of post-
infectious irritable bowel syndrome in The Netherlands. Epidemiology and Infection, 138(11), 1650-
1656. 

Hald, B., Wedderkopp, A., & Madsen, M. (2000). Thermophilic Campylobacter spp. in Danish broiler 
production: a cross-sectional survey and a retrospective analysis of risk factors for occurrence in 
broiler flocks. Avian Pathology, 29(2), 123-131. 

Hald, B., Rattenborg, E., & Madsen, M. (2001). Role of batch depletion of broiler houses on the 
occurrence of Campylobacter spp. in chicken flocks. Letters in Applied Microbiology, 32(4), 253-256.  

Hald, B., Skovgard, H., Bang, D. D., Pedersen, K., Dybdahl, J., Jespersen, J. B., & Madsen, M. (2004). 
Flies and Campylobacter infection of broiler flocks. Emerg Infect Dis, 10(8), 1490-1492.  

Hald, B., Sommer, H. M., & Skovgård, H. (2007). Use of fly screens to reduce Campylobacter spp. 
introduction in broiler houses. Emerging infectious diseases, 13(12), 1951-1953. 

Hald, B., Skovgård, H., Pedersen, K., & Bunkenborg, H. (2008). Influxed insects as vectors for 
Campylobacter jejuni and Campylobacter coli in Danish broiler houses. Poultry Science, 87(7), 1428-
1434.   

Hansson, I., Vågsholm, I., Svensson, L., & Olsson Engvall, E. (2007). Correlations between 
Campylobacter spp. prevalence in the environment and broiler flocks. Journal of applied 
microbiology, 103(3), 640-649. 

Havelaar, A. H., Mangen, M. J. J., De Koeijer, A. A., Bogaardt, M. J., Evers, E. G., Jacobs‐Reitsma, W. 
F., & Nauta, M. J. (2007). Effectiveness and efficiency of conventionalling Campylobacter on broiler 
chicken meat. Risk Analysis, 27(4), 831-844. 

Havelaar, A. H., Haagsma, J. A., Mangen, M. J. J., Kemmeren, J. M., Verhoef, L. P., Vijgen, S. M., ... & 
van Pelt, W. (2012). Disease burden of foodborne pathogens in the Netherlands, 2009. International 
journal of food microbiology, 156(3), 231-238. 

https://www.efsa.europa.eu/en/topics/topic/campylobacter


 
22 

Herman, L., Heyndrickx, M., Grijspeerdt, K., Vandekerchove, D., Rollier, I., & De Zutter, L. (2003). 
Routes for Campylobacter contamination of poultry meat: epidemiological study from hatchery to 
slaughterhouse. Epidemiology and Infection, 131(03), 1169-1180.  

Hermans, D., Pasmans, F., Messens, W., Martel, A., Van Immerseel, F., Rasschaert, G., & 
Haesebrouck, F. (2012). Poultry as a host for the zoonotic pathogen Campylobacter jejuni. Vector-
Borne and Zoonotic Diseases, 12(2), 89-98. 

Hue, O., Le Bouquin, S., Laisney, M. J., Allain, V., Lalande, F., Petetin, I., & Santolini, J. (2010). 
Prevalence of and risk factors for Campylobacter spp. contamination of broiler chicken carcasses at 
the slaughterhouse. Food Microbiology, 27(8), 992-999.  

IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp. 

Jacobs-Reitsma, W. F., Van de Giessen, A. W., Bolder, N. M., & Mulder, R. W. A. W. (1995). 
Epidemiology of Campylobacter spp. at two Dutch broiler farms. Epidemiology and infection, 
114(03), 413-421. 

Jore, S., Viljugrein, H., Brun, E., Heier, B. T., Borck, B., Ethelberg, S., & Engvall, E. O. (2010). Trends in 
Campylobacter incidence in broilers and humans in six European countries, 1997–2007. Preventive 
veterinary medicine, 93(1), 33-41.  

KWIN, Handboek Kwantitatieve Veehouderij 2016-2017, Wageningen University and Research, p. 
295. 

Lawes, J. R., Vidal, A., Clifton-Hadley, F. A., Sayers, R., Rodgers, J., Snow, L., & Powell, L. F. (2012). 
Investigation of prevalence and risk factors for Campylobacter in broiler flocks at slaughter: results 
from a UK survey. Epidemiology & Infection, 140(10), 1725-1737 

Lee, M. D., & Newell, D. G. (2006). Campylobacter in poultry: filling an ecological niche. Avian 
diseases, 50(1), 1-9. 

Mangen, M. J. J., de Wit, G. A., & Havelaar, A. H. (2007). Economic analysis of Campylobacter 
conventional in the Dutch broiler meat chain. Agribusiness, 23(2), 173-192. 

MARAN 2016, accessed on 14-07-2017, http://www.wur.nl/upload_mm/0/b/c/433ca2d5-c97f-4aa1-
ad34-a45ad522df95_92416_008804_NethmapMaran2016+TG2.pdf, visited on 07-02-2017  

Mughini-Gras, L. M., Smid, J. H., Wagenaar, J. A., de Boer, A. G., Havelaar, A. H., Friesema, I. H., ... & 
van Pelt, W. (2012). Risk factors for Campylobacteriosis of chicken, ruminant, and environmental 
origin: a combined case-conventional and source attribution analysis. PloS one, 7(8), e42599. 

Mul, M. F., Smallegange, R. C., & Brooks, M. (2015). Preventieve maatregelen tegen huisvliegen in 
vleeskuikenstallen (No. 836). Wageningen UR Livestock Research. 

NEPLUVI 2017, Rapportage Campylobacter monitoring 2016 op Nederlandse vleeskuikenslachterijen, 
accessed on 10-04-2017, 
http://www.nepluvi.nl/dynamic/media/1/documents/Campylobacter/2017-
030_eindrapportage_Campylobactermonitoring_2016_NL_vleeskuikenslachterijen.pdf 

Newell, D. G., & Fearnley, C. (2003). Sources of Campylobacter colonization in broiler chickens. 
Applied and environmental microbiology, 69(8), 4343-4351. 

Newell, D. G., Elvers, K. T., Dopfer, D., Hansson, I., Jones, P., James, S., & Pearson, D. (2011). 
Biosecurity-based interventions and strategies to reduce Campylobacter spp. on poultry farms. 
Applied and environmental microbiology, 77(24), 8605-8614.  

http://www.wur.nl/upload_mm/0/b/c/433ca2d5-c97f-4aa1-ad34-a45ad522df95_92416_008804_NethmapMaran2016+TG2.pdf
http://www.wur.nl/upload_mm/0/b/c/433ca2d5-c97f-4aa1-ad34-a45ad522df95_92416_008804_NethmapMaran2016+TG2.pdf


 
23 

Northcutt, J. K., Berrang, M. E., Dickens, J. A., Fletcher, D. L., & Cox, N. A. (2003). Effect of broiler age, 
feed withdrawal, and transportation on levels of coliforms, Campylobacter, Escherichia coli and 
Salmonella on carcasses before and after immersion chilling. Poultry Science, 82(1), 169-173.  

Osaili, T. M., & Alaboudi, A. R. (2017). Antimicrobial Resistance of Campylobacter sp. Food Borne 
Pathogens and Antibiotic Resistance. 
 
Pacholewicz, E., Liakopoulos, A., Swart, A., Gortemaker, B., Dierikx, C., Havelaar, A., & Schmitt, H. 
(2015). Reduction of extended-spectrum-β-lactamase-and AmpC-β-lactamase-producing Escherichia 
coli through processing in two broiler chicken slaughterhouses. International journal of food 
microbiology, 215, 57-63.  

Rosenquist, H., Nielsen, N. L., Sommer, H. M., Nørrung, B., & Christensen, B. B. (2003). Quantitative 
risk assessment of human campylobacteriosis associated with thermophilic Campylobacter species in 
chickens. International journal of food microbiology, 83(1), 87-103. 

Royden, A., Wedley, A., Merga, J. Y., Rushton, S., Hald, B., Humphrey, T., & Williams, N. J. (2016). A 
role for flies (Diptera) in the transmission of Campylobacter to broilers?. Epidemiology and Infection, 
144(15), 3326.  

Sahin, O., Morishita, T. Y., & Zhang, Q. (2002). Campylobacter colonization in poultry: sources of 
infection and modes of transmission. Animal Health Research Reviews, 3(02), 95-105.  

Sahin, O., Luo, N., Huang, S., & Zhang, Q. (2003). Effect of Campylobacter-specific maternal 
antibodies on Campylobacter jejuni colonization in young chickens. Applied and Environmental 
Microbiology, 69(9), 5372-5379. 

Sahin, O., Kassem, I. I., Shen, Z., Lin, J., Rajashekara, G., & Zhang, Q. (2015). Campylobacter in 
poultry: ecology and potential interventions. Avian diseases, 59(2), 185-200. 

Seliwiorstow, T., Baré, J., Van Damme, I., Uyttendaele, M., & De Zutter, L. (2015). Campylobacter 
carcass contamination throughout the slaughter process of Campylobacter-positive broiler batches. 
International journal of food microbiology, 194, 25-31.  

Smallegange, R. C., & den Otter, C. J. (2007). 16. Houseflies, annoying and dangerous. Emerging 
pests and vector-borne diseases in Europe, 281. 

Smith, S., Messam, L. L. M., Meade, J., Gibbons, J., McGill, K., Bolton, D., & Whyte, P. (2016). The 
impact of biosecurity and partial depopulation on Campylobacter prevalence in Irish broiler flocks 
with differing levels of hygiene and economic performance. Infection ecology & epidemiology, 6. 

Tangkham, W., Janes, M., & LeMIEUX, F. (2016). Prevalence and Distribution of Campylobacter jejuni 
in Small-Scale Broiler Operations. Journal of food protection, 79(1), 75-81.  

Uiterwijk, M., De Rosa, M., Friesema, I., Valkenburgh, S., Roest, H. J., Pelt, W. V., & Maassen, K. Staat 
van Zoönosen 2015.  

Van de Giessen, A. W., Bouwknegt, M., Dam-Deisz, W. D. C., Wannet, W., & Visser, G. (2006). 
Surveillance of Salmonella spp. and Campylobacter spp. in poultry production flocks in The 
Netherlands. Epidemiology & Infection, 134(6), 1266-1275. 

Van de Ven, L. J. F., Van Wagenberg, A. V., Koerkamp, P. G., Kemp, B., & Van den Brand, H. (2009). 
Effects of a combined hatching and brooding system on hatchability, chick weight, and mortality in 
broilers. Poultry science, 88(11), 2273-2279.  



 
24 

Van Gerwe, T., Miflin, J. K., Templeton, J. M., Bouma, A., Wagenaar, J. A., Jacobs-Reitsma, W. F., & 
Klinkenberg, D. (2009). Quantifying transmission of Campylobacter jejuni in commercial broiler 
flocks. Applied and environmental microbiology, 75(3), 625-628.   

Wagenaar, J. A., French, N. P., & Havelaar, A. H. (2013). Preventing Campylobacter at the source: 
why is it so difficult?. Clinical infectious diseases, 57(11), 1600-1606. 

Wagenaar, J. A., Newell, D. G., Kalupahana, R. S., & Mughini-Gras, L. (2015). Campylobacter: animal 
reservoirs, human infections, and options for conventional. In Zoonoses-Infections Affecting Humans 
and Animals (pp. 159-177). Springer Netherlands. 

Wakerley, B. R., & Yuki, N. (2016). Risk of Guillain–Barré syndrome from fresh chicken in the United 
Kingdom. Journal of Acute Medicine, 6(4), 105-106.  

OIE 2017, World Organisation for Animal Health, Campylobacter jejuni and Campylobacter coli. 
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals. 6 th ed., Vol. 2, Ch. 2.9.3. Paris, 
France; 2017. p. 1185-9. 

  

  



 
25 

Annexes  
Annex 1  
 

Risk factor Article(s) Additional information 

Increasing age Jacobs-Reitsma et al., 1995 
Newell et al., 2003 
Barrios et al., 2006 
Van de Giessen et al., 2006 
McDowell et al., 2008 
Wagenaar et al., 2015 

 

Bouwknegt et al., 2004 
 

Age 29–35 days (OR = 2.34) and 
36–42 days (OR = 3.96) 
compared to 22–28 days. 

Lawes et al., 2012 Increasing bird age (40–41 days, 
OR 3.18; 42–45 days, OR 3.56; 
o46 days, OR 13.43). 

Increasing flock size Barrios et al., 2006  
Guerin et al., 2007 
Näther et al., 2009 
Hermans et al., 2012  

 

Multiple broiler houses on the 
premise 

McDowell et al., 2008 
Lyngstad et al., 2008 
Wagenaar et al., 2015 
Høg et al., 2016 

 

Bouwknegt et al., 2004 Five or more broiler houses on 
the premises (OR = 3.02). 

Presence of other livestock 
adjacent to the broiler house 
 

Katsma et al., 2007 
Hansson et al., 2010 
Patriarchi et al., 2011 
Newell et al., 2011 
Hermans et al., 2012 
Agunos et al., 2014 
Wagenaar et al., 2015 

 
 
 
 
 

Hald et al., 2000 Presence of animals in the 
vicinity of the broiler house on 
farms with a missing hygiene 
barrier (OR = 7.0, 1.6 < OR < 
33.9). Livestock other than 
chickens on farms with a missing 
hygiene barrier (OR = 7.6, 1.4 < 
OR < 44.9). 

Bouwknegt et al., 2004 
 

The presence of other farm 
animals on the farm (OR = 1.88); 
the presence of animals on farms 
within 1 kilometre (OR = 9.56). 
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Ellis-Iversen et al., 2009 Cattle on or adjacent to the farm 
increased the risk (OR 1.7, CI95% 
1.1;2.7) 

The execution of partial thinning Hermans et al., 2012 
Patriarchi et al., 2011 
Newell et al., 2011 
Ellis-Iversen et al., 2009 
Wagenaar et al., 2015 
Smith et al., 2016 

 

 Hald et al., 2000 Dividing the flock into batches 
for staggered slaughter (OR = 6.8, 
1.2 < OR < 49.3). 

Lawes et al., 2012 Previous partial depopulation of 
the flock [odds ratio (OR) 5.21]. 

Presence of pets on the farm Hermans et al., 2012 
Agunos et al., 2014 
Wagenaar et al., 2015 

 

Increased prevalence in the 
summer months  

Nylen et al., 2002 
Van de Giessen et al., 2006 
McDowell et al., 2008 
Jore et al., 2010 
Newell et al., 2011 
Chowdhury et al., 2012 
Hermans et al., 2012 
Wagenaar et al., 2015 

 
 
 
 
 
 
 

Bouwknegt et al., 2004 Summer (OR = 3.48) and fall (OR 
= 2.59) compared to winter.  
 

Ellis-Iversen et al., 2009 
 

Risk of Campylobacter 
colonization was highest in July 
(OR 3.4), August (OR 3.4) and 
September (OR 3.7). 

Lawes et al., 2012 Slaughter in the summer months 
(categorized as June, July and 
August; OR 14.27) or autumn 
months (categorized as 
September, October and 
November; OR 1.70). 

Presence of manure adjacent to 
the broiler house 

Newell et al., 2011  

Arsenault et al., 2007 Odds 5.2 times higher for flocks 
with manure heap >200 m from 
the poultry house  

Vertical ventilation systems in 
the broiler house 

Barrios et al., 2006 Vertical ventilation systems were 
strongly associated with positive 
flocks (OR = 5.3). 

Guerin et al., 2007 Vertical (OR 2.7) or vertical and 
horizontal (OR 3.2 )ventilation 
shafts. 
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Organic and free-range broiler 
flocks 

Näther et al., 2009 
Vandeplas et al., 2010 
Newell et al., 2011 
Tangkham et al., 2015 

 

Presence of wild rodents on the 
farm 

McDowell et al., 2008 
Newell et al., 2011 
 

 

Increasing age of the broiler 
house 

Newell et al., 2011 
Høg et al., 2016 

 

Increasing human traffic on the 
farm 

Newell et al., 2011 
 

 

Presence of stagnant water or 
puddles on the farm 

Newell et al., 2011  

Drinking water for broilers from 
surface water or a well 

Lyngstad et al., 2008 
Newell et al., 2011 
Hermans et al., 2012 
Høg et al., 2016 

 

Contaminated transport crates Newell et al., 2011 
Agunos et al., 2014 
Patriarchi et al., 2011 

 

Poor biosecurity on the farm Lyngstad et al., 2008 
McDowell et al., 2008 
Hansson et al., 2010 
Newell et al., 2011 
Høg et al., 2016 

 
 

Hald et al., 2000 Lack of a hygiene barrier (odds 
ratio (OR) = 3.1, 1.1 < OR < 9.3). 

Presence of insects and flies in 
the broiler house 

Hald et al., 2007 
Hald et al., 2008 
Newell et al., 2011 
Bahrndorff et al., 2013 
Agunos et al., 2014 
Royden et al., 2016 

 

Shorter length of downtime Lyngstad et al., 2008 
Newell et al., 2011 

 
 

Hald et al., 2000 A down period of less than 14 
days (OR = 5.0, 1.2 < OR < 22.6). 

Drinking nipples with cups Høg et al., 2016  
Näther et al., 2009 
Rushton et al., 2009 

 

Unchlorinated drinking water Newell et al., 2011 
 

 

Ellis-Iversen et al., 2009 Chlorinated drinking water 
reduced the risk (OR 0.5; CI95% 
0.2-0.9). 

Presence of biofilm in the 
drinking lines 

Newell et al., 2011 
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Annex 3 
 

Housing system Number of compartments Number of pools per sample collection 
round 

Patio 1 3 21 

Conventional 1 1 7 

Patio 2 3 21 

Conventional 2 1 7 

Patio 3 3 21 

Conventional 3 1 7 

Patio 4 2 14 

Conventional 4 1 7 

Total 24 105 

 
Annex 4 

 

 

Flytrap 
number 

Location of flytraps in Patio system 
per compartment method 1  

Location of flytraps in Patio system 
per compartment method 2 

Location of flytraps in 
conventional housing system 

1 Left row 1st level front 1st level front left  Front left 

2 Left row 2nd level middle 1st level front right Front middle 

3 Left row 3rd level back 2nd level middle left Front right 

4 Left row 4th level last quarter (3/4) 2nd level middle right Middle left 

5 Left row 5th level first quarter (1/4)  3rd level back left Middle middle 

6 Right row 1st level front  3rd level back right Middle right 

7 Right row 2nd level middle 4th level last quarter left Back left 

8 Right row 3rd level back 4th level last quarter right Back middle 

9 Right row 4th level last quarter (3/4) 5th level first quarter left Back left 

10 Right row 6th level first quarter (1/4) 5th level first quarter right  


