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Preface 
 

This research project was carried out as part of the Honours Programme of the Master of Veterinary 

Medicine at Utrecht University. This programme gives students who are interested in performing 

veterinary research the opportunity to conduct studies within one of the research facilities of the Faculty 

of Veterinary Medicine. Additionally, this report is my master thesis for the master of Farm Animal Health 

and Veterinary Public Health. 

I was given the opportunity to contribute to the research that is executed within the bigger framework of 

the HEVentie project from September 2020 till September 2021. The HEVentie project is devoted to the 

investigation of the epidemiology of Hepatitis E virus on Dutch pig farms, aiming to identify effective 

intervention strategies. The project is funded by the Topsector Agri & Food and the Dutch Ministry of 

Economic Affairs via the public private partnership ‘1Health4Food’ in the Netherlands. Within the 

Topsector, private industry, knowledge institutes and the government are working together on 

innovations for safe and healthy food for 9 billion people in a resilient world. 

This report entails two separate papers, composed according to the publishing guidelines established by 

the journal Preventive Veterinary Medicine. First, a general introduction is presented, followed by the 

two papers in separate chapters. The report ends with a general discussion integrating both papers. For 

both studies, a Layman summary was added to increase the readability for farmers and other interested 

people from the pig sector. 

 

 

 

Carmijn Meulenbroek  

24th of August 2021 
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Chapter 1 

General Introduction 
Hepatitis E virus (HEV) is the major cause of viral hepatitis globally (Pallerla et al., 2020). In most cases, an 

HEV infection results in either a self-limiting acute hepatitis or it runs an asymptomatic course (Kamar et 

al., 2014). However, patients may develop symptoms such as jaundice and, moreover, death may occur 

(Dalton et al., 2008; Turner et al., 2010). 

HEV is a quasi‑enveloped single‑stranded RNA virus and member of the family Hepeviridae (Ji et al., 2021; 

Smith et al., 2014). Currently, eight HEV genotypes (Gt) are known, from which five are able to cause 

human infection (Fenaux et al., 2019). HEV infections acquired in high income countries are mostly 

caused by Gt3 and Gt4 (Harrison & DiCaprio, 2018), which are considered zoonotic. It has been shown 

that HEV is able to infect several animal species (e.g. domesticated and feral swine, deer, chickens, 

mongooses, rabbits and rats) (Hsu & Tsai, 2014; Johne et al., 2010; Linares et al., 2018; Meng et al., 1997; 

Nakamura et al., 2006; Reuter et al., 2009; Zhao et al., 2009). Currently, pigs and wild boar are considered 

to be the main source for human HEV infections (Harrison & DiCaprio, 2018). Indeed, presence of HEV 

has been reported in pigs and pork in many countries (Barnaud et al., 2012; Berto et al., 2012; Di Bartolo 

et al., 2012; Feagins et al., 2007; Jori et al., 2016; Rutjes et al., 2014a; Walachowski et al., 2014). In 

addition, researchers have been able to infect pigs using virus isolated from pig livers obtained from 

grocery stores, which demonstrates the infectivity of HEV in pork (Feagins et al., 2007). Moreover, it has 

been shown that human cases can be traced back to HEV present in pigs and pork by phylogenetic 

analysis of HEV strains (Riveiro-Barciela et al., 2015; Widdowson et al., 2003). As HEV infected pork is a 

foodborne health risk, the presence of HEV on pig farms can be considered a risk for public health. 

Therefore, mitigation of HEV presence on pig farms is necessary. 

To enable identification of effective intervention strategies, it is vital to study the transmission of HEV on 

pig farms. This report entails two studies investigating the epidemiology of HEV. It should be noted that 

the epidemiology of infectious diseases on pig farms is complex, due to the clustering of animals on 

various levels. Firstly, pigs are clustered at pen-level. Secondly, a group of pens forms a farm 

compartment. In this report, a group of pigs housed in a single farm compartment will be referred to as a 

‘batch’.  Thirdly, an age cohort of pigs usually consists of several farm compartments housing pigs of 

similar age. Regarding age cohorts, new-born piglets start in the farrowing phase, followed by the nursery 

phase and the consecutive fattening phase. Table 1 contains the terminology used in this report. For 

epidemiological analysis, random samplings have to account for individual as well as a priori cluster level 

variation. Besides the cluster levels, transmission by indirect contact between clusters may occur, as well 

as the exchange of potentially infected pigs in case of improper ‘all-in/all-out’ practices. 
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Pigs infect each other via faecal-oral transmission (Bouwknegt et al., 2011). The course of HEV infection 

has been studied in experimentally infected pigs and has been summarized by Meester et al., (2021) in 

Figure 1. Infected pigs first enter a latent stage (duration: one to two weeks), followed by a stage in which 

they are viraemic (duration: one to two weeks) and deemed infectious for others due to faecal shedding 

(duration: one to seven weeks). Eventually, seroconversion occurs three to four weeks after the pig is 

exposed to HEV (duration: unknown) (Meester et al., 2021). Infected pigs do not show any clinical signs 

(Meng et al., 1997). 

 

FIGURE 1: HEV INFECTION IN EXPERIMENTALLY INFECTED PIGS (MEESTER ET AL., 2021) 

 

 

In this report, the terms ‘HEV-free batch’ and ‘HEV-infected batch’ are frequently used. A batch of 

slaughter pigs is defined to be ‘HEV free’ if both serological and virological analysis of blood serum 

samples show negative results. Absence of both anti-HEV antibodies and HEV-RNA indicates that the 

sampled animals have not been infected with HEV until the moment of sampling. On the other hand, 

presence of anti-HEV antibodies implies that pigs have been infected with HEV during their lives and 

detection of HEV-RNA suggests an infection at the moment of slaughter. Therefore, batches of slaughter 

pigs from which serological and/or virological analysis of blood serum samples show positive results are 

defined as HEV-infected batches. 

The overarching goal of this report is to contribute to the epidemiological investigation of Hepatitis E 

virus on pig farms, in order to enable mitigation of HEV on pig farms.  
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Table 1: Overview of used terminology  
Age cohort Group of pigs of similar age, usually housed in 

several farm compartments. Age cohorts in 
consecutive order: farrowing phase – nursery 
phase – fattening phase. 

Farrowing phase Piglets housed in the farrowing room. Phase 
starts at birth and ends the age of weaning (~4-6 
weeks). 

Nursery phase Phase starts after weaning and ends when the 
piglets are relocated to new pens with more 
space per pig (~10 weeks/25 kg). 

Fattening phase Phase starts after relocation of weaned piglets 
and ends at the moment of slaughter. Pigs in this 
phase are called fattening pigs. 

Batch Group of similar aged pigs housed in one farm 
compartment. 

Farm compartment Farm section consisting of a group of pens 
housing pigs separated from other farm sections 
by a door and central corridor. 

HEV-free Serological and virological analysis of blood serum 
samples show negative results (no detection of 
HEV-RNA or anti-HEV antibodies). 

HEV-infected Serological and/or virological analysis of blood 
serum samples show positive results (no 
detection of HEV-RNA and/or anti-HEV 
antibodies). 
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Chapter 2  
To be submitted to: Preventive Veterinary Medicine 

Risk Factors Associated with Slaughter Batches 
Free from Hepatitis E virus on Infected Pig Farms 

Highlights 
• This study investigates factors affecting the HEV transmission between farm compartments by 

associating risk factors to the infection status of batches of slaughter pigs.  

• An association was found between the ratio of HEV-free and HEV-infected batches per farm and 

the following potential risk factors: ‘building year of the oldest barn’, ‘the washing frequency of 

clothes’, ‘cleaning procedure includes sweeping of the floor of the central corridor ’. 

• Future research should investigate the presence of causal relations between the washing 

frequency of clothes and within-farm HEV transmission on pig farms. 

• Future research should investigate the presence of causal relations between including sweeping 

of the floor of the central corridor in the cleaning procedure and within-farm HEV transmission 

on pig farms. 

• The effect of using different construction materials on the within-farm HEV transmission should 

be explored in future research. 

Layman summary 
Hepatitis E virus (HEV) is a virus that can infect both pigs and humans and is present on most pig farms 

and in pork. To reduce the foodborne zoonotic risk, it is necessary to lower the number of pig farms 

infected with HEV. Recent research suggests that investigating the transmission of HEV between farm 

compartments is promising to identify potentially effective mitigation strategies.  

This study aimed to identify risk factors associated with occurrence of HEV-free batches of slaughter pigs 

on infected farms. Considering the faecal-oral transmission route of HEV, it was decided to focus on risk 

factors regarding between-batch transmission within farm compartments. A case-control study based on 

results from a previous prevalence study was performed on 73 Dutch pig farms. The presence of potential 

risk factors on farms was determined using a questionnaire and farm hygiene inspection. A total of 136 

potential risk factors were investigated using statistical analysis. It was observed the potential risk factors 

‘building year of the oldest barn’, ‘the washing frequency of clothes’, ‘cleaning procedure includes 

sweeping of the floor of the central corridor’ could explain the differences in within-farm HEV 

transmission best. Since this study identifies associations, the causal mechanisms underlying these 

findings need to be studied before effective mitigation strategies can be identified. 
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Abstract 
Hepatitis E virus (HEV) is virus persistently present on most pig farms, which can infect both pigs and 

humans. Therefore, investigation of within-farm transmission of HEV is vital. Recent research suggests 

that investigating the variation of HEV infection on batch-level is promising to identify potentially 

effective mitigation measures. This study aimed to identify risk factors associated with occurrence of 

HEV-free batches of slaughter pigs on infected farms. Considering the faecal-oral transmission route of 

HEV, it was decided to focus on risk factors regarding between-batch transmission within farm 

compartments.  

A retrospective case-control study was performed on 73 Dutch pig farms. The presence of potential risk 

factors on farms was determined using a questionnaire and farm hygiene inspection. A total of 136 

potential risk factors were investigated using an aggregated logistic regression modelling approach with 

the ratio of HEV-free and HEV-infected batches of slaughter pigs per farm as the outcome variable. The 

best model fit was achieved by the model containing the potential risk factors ‘building year of the oldest 

barn’, ‘the washing frequency of clothes’, ‘cleaning procedure includes sweeping of the floor of the 

central corridor’. Since this study identifies associations, the causal mechanisms underlying these findings 

need to be studied before effective mitigation strategies can be identified. 

Keywords 
Hepatitis E Virus, Zoonosis, Veterinary public health, Risk factors, On-farm persistence, Risk mitigation, 

Pigs 
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Introduction  
Considering the reported farm-level HEV seroprevalence which ranges from 30 to 98% (Salines et al., 

2017), and the results of a recently conducted Dutch study showing that anti-HEV antibodies were 

detected on all investigated farms (Meester et al. in preparation), HEV presence on pig farms is clear. It 

has been hypothesized that pig farms remain infected over time, i.e. are persistently infected with HEV 

(Meester et al., 2021). This hypothesis has been based on phylogenetic analyses showing that pig farms 

often have a unique HEV strain which remains closely related over time (Wang et al., 2019). 

Consequently, it has been indicated that risk mitigation regarding HEV on pig farms should be directed 

towards lowering the transmission of HEV within farms (Meester et al., 2021). 

Regarding the within-farm transmission dynamics of HEV, it has been shown that the seroprevalence of 

HEV in pigs increases with age (Leblanc et al., 2007) and it has been determined that the peak prevalence 

of faecal HEV shedding pigs occurs at the age of 90 days (Salines et al., 2017). While most farms are 

thought to be persistently infected with HEV (Meester et al., 2021), a recent study by M. Meester et al. 

demonstrated the ability of persistently infected pig farms to deliver HEV-free batches of pigs to the 

slaughter house (manuscript in preparation). These findings indicate that not all pigs have been infected 

with HEV at the time of slaughter. Moreover, it can be suggested that not all slaughter-aged pigs raised 

on persistently infected pig farms become infected with HEV. Since pigs of similar age are clustered in a 

farm compartment (defined as ‘batch’), it can be suggested that that HEV transmission between farm 

compartments can be prevented. Considering the on-farm persistence of HEV (Meester et al., 2021), 

preventing transmission of HEV between farm compartments is the most promising method to enable 

HEV mitigation on pig farms. 

Previous studies have identified possible mitigation strategies on pig farms, based on risk factor analyses 

that associate risk factors with the farm-level seroprevalence or prevalence of HEV in pig livers, blood and 

faeces (Lopez-Lopez et al., 2018; Walachowski et al., 2014). Reported risk factors associated with a high 

seroprevalence include mingling practices in the nursery stage, a small gap between the level of manure 

in the pit and the slatted floor in pens housing fattening pigs (Walachowski et al., 2014). Risk factors 

associated with the presence of HEV in pig livers include a high cross-fostering rate and the use of specific 

boots for swine activities (Walachowski et al., 2014). Implementation of a quarantine period and usage of 

a sanitary ford  are risk factors reported to be associated with the prevalence of HEV in sows and 

fattening pigs (Lopez-Lopez et al., 2018). The possible presence of variability in infection between batches 

of pigs was not investigated in these studies. 
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Scientific evidence is lacking regarding the identification of factors contributing to the prevention of HEV 

transmission between farm compartments. This hinders design and implementation of effective 

management measures and with that the mitigation of HEV presence on pig farms. Therefore, the aim of 

this study is to identify risk factors that are associated with the ability of infected pig farms to keep 

compartments, or actually batches of pigs, free from HEV. Within a larger framework study, an extensive 

risk factor study was conducted with this exact purpose. Considering the great number of factors 

regarding farm management and the need for sufficiently detailed farm management examination, it was 

decided to focus this risk factor analysis on specific farm management factors. Since the transmission 

route of HEV in pigs is faecal-oral (Bouwknegt et al., 2008), it was decided to focus on the factors that 

potentially affect the transmission of HEV between batches of pigs consecutively housed in one farm 

compartment (defined as between-batch transmission). A retrospective case control study was 

performed concentrated on risk factors affecting the between-batch transmission of HEV within farm 

compartments with the ratio of the number of HEV-free and the number HEV-infected batches of 

slaughter pigs per farm as outcome variable. 
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Materials and methods 
A retrospective case control study was performed focussing on the transmission of HEV between batches 

of pigs consecutively housed in one farm compartment with the ratio of the number of HEV-free and the 

number HEV-infected batches of slaughter pigs per farm as outcome variable. Farm selection and the 

identification of HEV-free and HEV-infected batches were based on the serological and virological results 

from a previously performed HEV seroprevalence study (Meester et al, in preparation). A detailed farm 

management examination was carried out conducting an interview with the farmer that entailed a 

questionnaire and hygiene inspection, resulting in the identification of present possible risk factors. Both 

the interview guide and study were approved by the ethical research board of Utrecht University, before 

the start of the research. Prior to the administration of the questionnaire and execution of the hygiene 

inspection, all farmers signed an informed consent.  

Sample collection and analysis 
The prevalence study from which the serological and virological results were derived, was conducted 

between January and August 2019, involving 215 Dutch pig farms delivering slaughter pigs to 

slaughterhouses of a major slaughter company in the Netherlands. A detailed description of the serum 

sample collection is described by M. Meester et al. (in preparation). Briefly, blood samples were collected 

from five to twelve slaughter pigs per slaughter batch during exsanguination. Sampled pigs were 

randomly selected from each batch. Per farm, between two and 24 batches were sampled.  

  The serological and virological analyses are described by M. Meester et al. (in preparation). 

Briefly, presence of IgM and IgG anti-HEV antibodies was detected in individual sera using an in-house pig 

specific sandwich enzyme-linked immunosorbent assay (ELISA), as recommended by van der Poel et al., 

(2014). For the detection of HEV RNA, sera of pigs were pooled per slaughter batch (total of 200 µl). 

Extraction of HEV RNA was carried out using the Direct-zol 96 kit (Zymo Research). HEV RNA detection 

was conducted by real time RT-PCR using the Taqman Fast virus-1 step master mix (Applied biosystems) 

on the LightCycler 480 (Roche), according to Jothikumar et al. (Jothikumar et al., 2006). 

Farm selection and data collection 
A selection of the farms sampled by M. Meester et al. (in preparation) were included in the current risk 

factor analysis, based on the reported serological and virological results. Two groups of farms were 

selected for the current risk factor analysis. For the first group of farms, the inclusion criteria were: (1) at 

least one batch was identified as HEV-free, and (2) a total seroprevalence of <=80%. The second group of 

farms consisted of farms without HEV-free batches. Farms with both the highest seroprevalence and 

highest virological prevalence were selected. A total of 143 farms were approached, from which 73 

agreed to participate. 
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  All 73 participating farms were visited between July and November 2020, during which a 

questionnaire was administered, and an inspection of farm hygiene was performed. Farms were visited 

by two research assistants, from a team of eight students with a background from an applied agricultural 

or veterinary university. Research assistants received training precedent to visiting farms. Farm visits 

occurred in pairs of researchers, blinded to the HEV status of the farm. The questionnaire entailed a 

structured interview with the farmer or farm manager. The interview consisted of approximately 200 

questions. The performed hygiene inspection comprised approximately 80 points of interest. The 

interview was conducted in Dutch. The used questionnaire and hygiene inspection can be found in 

original language in Appendix A and Appendix B, respectively. 

  In this study, a specific part of the farm management factors are considered. After consultation 

of porcine and public health experts, a total of 138 questions and points of interest were selected that 

were assumed to represent the main potential risk factors regarding the between-batch transmission of 

HEV. These potential risk factors entail six categories: (a) hygiene, cleaning, and disinfection measures, (b) 

management of the manure pit, (c) compliance to the ‘all-in/all-out’ principle (i.e. whether all pigs are 

relocated simultaneously), (d) duration of sanitary vacancy of farm compartments after pigs have been 

moved, (e) composition of flooring and percentage of slatted flooring, (f) general impression of farm 

hygiene and tidiness. The remaining risk factors will be investigated in another study within the HEVentie 

project. 

Statistical analysis  
Outcome variable 

Given the unequal number of slaughter batches per farm for which laboratory results were available, the 

a priori probability to detect HEV-free batches differs per farm. In the data analysis, it was decided to 

account for this effect by using aggregated logistic regression modelling on the ratio of the number of 

HEV-free to the number of HEV-infected batches of slaughter pigs per farm.  

  Based on the virological and serological results from M. Meester et al. (in preparation), the 

batches of slaughter pigs delivered by the 73 selected farms were dichotomized: (1) batches that had 

both a seroprevalence and PCR result of 0% (to be defined as HEV-free batches and as such as ‘cases’) (2) 

batches with a seroprevalence and/or virological prevalence of more than 0% (to be defined as non-HEV-

free batches and controls).  
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Explanatory variables and statistical testing 

Explanatory variables consisted of a single question from the questionnaire or point of interest from the 

hygiene inspection. Levels of explanatory variables consisted of the predefined answer options. In case of 

open questions, answers had to be categorized to enable statistical analysis. Therefore, all answers to 

open questions were summarized and categorized, based on biological relevance, with a minimum of 

four observations per category. All continuous variables were transformed into categorical variables. 

Based on biological relevance, and in conjunction with members of the project team, cut-off-values were 

determined based on assumed biological relevance, with a minimum of four observations per category. 

Each reasonable cut-off-value resulted in a variable that was further analysed. Five steps were taken to 

analyse the association between the explanatory variables and the outcome variable. 

  Firstly, it was ensured that each level of the investigated explanatory variables contained at least 

four observations, to enable any statistical analysis. Variables with all observations in one level were 

excluded from further analysis. Additionally, variables with two levels of which at least one of the levels 

contained less than four observations were removed from the dataset. Variables with at least three levels 

were further analysed in step two, independent of the number of observations per level.  

  Secondly, pilot runs of the logistic regression model were executed, which showed that the 

minimum of four observations per level had to be increased to eight to allow model calculations. 

Therefore, it was decided to merge levels containing less than eight observations per category, based on 

biological relevance. If the biological relevance did not allow levels to be merged, a minimum of four 

observations per level was allowed. Considering the limited number of observations in the dataset, a 

maximum of four levels per explanatory variable was tolerated. In case an explanatory variable contained 

more than four levels, levels were merged, based on assumed biological relevance. Additionally, pilot 

runs indicated the necessity to add a category containing all missing values (NAs) to explanatory variables 

containing more than 9 NAs, to allow model calculations. 

  Thirdly, univariate analysis was performed to assess the statistical link between each explanatory 

variable and the defined outcome variable. A total of 105 variables were included in the univariate 

analysis. Aggregated logistic regression with random farm effects was used to investigate associations 

between the outcome variable and each explanatory variable. For variables addressing practices in the 

farrowing or nursery phase, data subsets for these specific farm groups were composed. Evaluation of 

model fit to the data was performed using Akaike Information Citerion (AIC) (Burnham et al., 2002). A 

lower AIC indicates a better model fit, explaining the variability in the data better. The AIC contains a 

penalty for the number of explanatory variables. Models with similar AIC but less explanatory variables 

are preferred over models with more included variables and only marginally lower AIC. To assess the 

attribution to explaining the data by an explanatory variable, for each variable a separate model was 

created, and the AIC was compared to a model without explanatory variables (‘empty model’). For each 

model with one variable, the odds ratios and its 95% confidence interval (95% CI) and the difference in 
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AIC between the empty model and the model containing the variable were calculated.  

  Fourthly, selection of variables to be included in the multivariate analysis was carried out based 

on a drop in AIC of at least one point compared to the empty model. Variables that were thought to be 

biologically irrelevant were excluded from further analysis after consultation with the project team, since 

such variables may deteriorate the multivariate model. Similarly, variables with a minimum of eight NA’s 

were eliminated, since these variables drastically lower the power of the multivariate analysis. 

  Fifthly, multivariate analysis was performed on all remaining variables using a combination of 

forward and backward model selection based on AIC. The final model was determined based on the 

model with the lowest AIC. Additionally, the controlled odds ratios (ORs) and the 95% confidence 

intervals (95%CI) for the variables in this model were calculated. 

Reading, management and analysis of variables were facilitated using several R packages: “plyr”, “readxl, 

”dplyr”, “tidyverse”, “lme4” (RStudio Team, 2020). 
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Results 
Description of included farms 
The questionnaire and hygiene check were executed on 73 selected farms. Table 2 enables comparison of 

farm characteristics of farms with and without cases. It shows that more farms delivering HEV-infected 

batches than farms delivering HEV-free batches were included in the study in each farm system, each 

farm type and in total. Regarding farm characteristics, the mean and standard deviation of the number of 

farm compartments from which pigs compose a slaughter batch, are equal for farms with and without 

cases. For both the farms delivering HEV-free batches of slaughter pigs and farms without cases, the 

standard deviation of the number of fattening pigs slaughtered in 2019 per farm is noticeably high, 

compared to the mean of this farm characteristic. 

 

Table 2: Comparison of the farms with and without cases  

  Farms with 0 
cases (HEV-free 
batches) 

Farms with 1 or 
more cases (HEV-
free batches) 

  Number of farms 

Total 49 24 

Farm system   

 Farrow-to-finish farm 17 6 

 Weaning-to-finish farm 3 0 

 Fattening pigs farm 29 18 
Farm type   

 Conventional 41 20 

 Organic 8 4 

  Mean +/- sd 

Farm characteristics   

 Number of fattening pigs slaughtered in 
2019 per farm 

8812 +/- 7407 8131 +/- 7039 

 Number of farm compartments from 
which pigs compose a slaughter batch 

4 +/- 2 4 +/- 2 
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Of the 639 batches from which data was considered in this study, 41 were identified as HEV-free. The 

number of collected batches per farm ranged between 2 and 23, with a median of 8 batches per farm. 

Since the outcome variable, the ratio of the number of HEV-free and HEV-infected batches per farm, is 

too complex to present in a single figure, Figure 2 displays the input for the outcome variable: the total 

number of sampled batches per farm, the number of HEV-free batches per farm and the proportion of 

HEV-free batches per farm. It can be seen that the majority of farms did not deliver any HEV-free batches. 

Consequently, the proportion of delivered HEV-free batches per farm is predominantly zero. 

   

 

FIGURE 2: PRESENTATION OF THE OUTCOME VARIABLE ‘RATIO OF HEV-FREE AND HEV-INFECTED BATCHES’ BY ITS INPUT 
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Univariate and multivariate analysis 
A total of 136 explanatory variables were considered in this study. Due to a lack of observations per level, 

several explanatory variables had to be excluded from further analysis, resulting in 105 variables that 

were investigated in the univariate analysis. Six out of the 105 variables investigated in the univariate 

analysis reduced the AIC by more than 1 point, thus improved the model fit (Table 3). These variables are: 

washing frequency of clothes (AIC: -3.17), rubber flooring in fattening pigs pen (AIC: -3.42), cleaning 

procedure includes sweeping of the floor of the central corridor (AIC: -2.14), building year oldest barn 

(AIC: -1.66), effective chemical in most used disinfection chemical (AIC: -1.27) and distance from manure 

pit to slatted floor (AIC: -1.09). Significant odds ratios were obtained for two variables. Firstly, both a daily 

and monthly washing frequency of clothes were associated with a higher ratio of HEV-free batches 

compared to weekly washing frequency (OR = 5.45 (95%CI 1.45-20.45) and OR = 7.64 (95%CI 1.42-41.35), 

respectively). Secondly, implementing rubber flooring in fattening pig pens was significantly associated 

with higher ratio of HEV-free batches (OR = 3.37 (95%CI: 1.26-9.07). Odds ratios for the remaining risk 

factors investigated in the univariate analysis are given in Appendix C. The potential risk factors for which 

odds ratios could not be obtained, due to a lack of observations per category are listed in Appendix D.   

 Out of the six variables that reduced the AIC by more than 1 point, four variables were included 

in the multivariate analysis. The variable regarding rubber floors was not included in the multivariate 

analysis, since the assumed biological relevance of a rather small surface covered by rubber was thought 

to be neglectable. Confounding with factors such as feeding systems was thought to be more likely.  

Similarly, the variable concerning the distance between the slatted floor and manure pit was excluded 

from the multivariate analysis, since the high number of missing values drastically reduced the power of 

the study. Consequently, the variables ‘building year of the oldest barn’, ‘cleaning procedure includes 

sweeping of the floor of the central corridor’, ‘the washing frequency of clothes’ and ‘the effective 

chemical in the most used disinfection chemical’ were included in the multivariate analysis. The best 

model fit was achieved by the model that included ‘building year of the oldest barn’, ‘sweeping the floor’, 

‘the washing frequency of clothes’ (Table 3). Significant odds ratios were observed for the washing 

frequency of clothes and the building year of the oldest barn. Similar to the results from the univariate 

analysis, a daily and monthly washing frequency of clothes were associated with a higher ratio of HEV-

free batches compared to weekly washing frequency (OR = 3.57 (95%CI 1.10-11.54) and OR = 4.36 (95%CI 

1.06-17.94), respectively). Regarding the building year of the oldest barn, it was observed that a building 

year after 1970 significantly increased the odds on delivering HEV-free batches of slaughter pigs. The 

variable ‘cleaning procedure includes sweeping of the floor of the central corridor’ did not result in 

significant odds ratios, but the acquired odds ratio indicates that including sweeping of the floor of the 

central corridor in the cleaning procedure is associated with a lower occurrence of HEV-free batches (OR 

= 0.28 (95%CI 0.06-1.36)).  



 

18 
 

Table 3: Results from the univariate and multivariate analysis 

 Univariate analysisa  Multivariate analysis 

Potential risk factors Difference in AIC 
to the empty 
model 

Odds ratio (95% CI)bc  Odds ratio (95% CI)b 

Washing frequency of clothes 
 Weekly (n=27) -3.71 1  1 
 Daily (n=23)  5.45* (1.45-20.45)  3.57* (1.10-11.54) 
 Monthly or after each batch (n=7)  7.65* (1.42-41.35)  4.36* (1.06-17.94) 
 Every time the clothes have been in contact 

with animals or are dirty (n=14) 
 1.98 (0.41-9.66)  1.45 (0.35-6.15) 

Rubber flooring in fattening pigs pen 
 False (n=59) -3.42 1  
 True (n=13)  3.37* (1.26-9.07)  Variable not evaluatedc 

Cleaning procedure includes sweeping of the floor of the central corridor 
 False (n=59) -2.14 1  1 
 True (n=14)  0.22 (0.04 - 1.11)  0.28 (0.06-1.36) 
Building year oldest barn     
 Before or in 1970 (n=15) -1.66 1  1 
 After 1970 (n=59)  3.49 (0.88-13.86)  8.28* (1.00-67.89) 
Effective chemical in most used disinfection chemical   
 No disinfection chemical reported (n=29) -1.27 1  Not retainedd 

 Ammonium chloride + glutaraldehyde (n=26)  0.45 (0.17-2.23)   
 Hydrogen peroxide (n=5)  2.91 (0.89-9.51)   
 Other effective chemical (n=6)  1.08 (0.24-4.81)   
Distance from manure pit to slatted floor    Variable not evaluatede 

 Less than 60 cm -1.09 1  
 More than 60 cm  0.42 (0.16-1.12)   

 a Solely results regarding variables lowering the AIC by at least 1 point are displayed. Remaining explanatory variables are listed in Appendix C. 
b 95%CI: 95% confidence interval. 
c Due to assumed absence of biological relevance, this variable was excluded from multivariate analysis. 
d This model was tested in the multivariate analysis, but was not retained in model selection procedure based on AIC. 
e Due to high number of missing values, this variable was excluded from multivariate analysis. 
*Significant odds ratio 
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Discussion and conclusion 
This study aimed to identify risk factors associated with pig farms that manage to keep compartments of 

the farm free from HEV infection. Therefore, a risk factor analysis was carried out with the outcome 

variable defined as the ratio of the number of HEV-free batches to the number of HEV-infected batches. 

In our study set, 73 farms were visited of which 24 (0.33 proportion) farms had at least delivered one 

HEV-free batch of pigs to the slaughterhouse. 

  The risk factor analysis has identified several associations with the outcome variable. The 

univariate analysis showed that model improvement was attained by six variables. After the multivariate 

analysis, the best model was determined, which consisted of the variables ‘building year of the oldest 

barn’, ‘the washing frequency of clothes’, ‘cleaning procedure includes sweeping of the floor of the 

central corridor’. Significant odds ratios were observed for the first two variables. The association 

between the building year of a barn and HEV transmission has not been reported yet. Regarding the 

hygiene management related variables, similar results have been obtained by Lopez-Lopez et al., (2018), 

who have related biosecurity measures to the presence of HEV in blood of pigs. Additionally, 

Walachowski et al., (2013) have reported an association between a lack of hygiene measures and the 

proportion of slaughter pigs delivered with HEV-positive livers. Both papers do not specify which hygiene 

measures were taken into account, apart from a single example per paper that do not correspond to the 

potential risk factors investigated in this study. Therefore, no comparisons can be made regarding specific 

hygiene measures affecting HEV transmission. 

  Walachowski et al., (2013) reported that a small gap between the pit manure and slatted floor in 

pens housing fattening pigs increased HEV seroprevalence, we found that a distance from manure pit to 

slatted floor of more than 60 centimetres was associated with a lower occurrence of HEV-free batches. 

While the comparison of the investigated cut-off values of the hight between the slatted floor and 

manure pit is hindered by the unspecified term ‘small gap’ used by Walachowski et al., (2013), it is 

unlikely that biological mechanisms underly this discrepancy, considering the faecal-oral transmission 

route of HEV (Bouwknegt et al., 2011). Presumably, the gap measured in our study does not reflect the 

situation in time of the housing of sampled slaughter batches, since the time period between sample 

collection and performance of the hygiene inspection was significant. Additionally, solely the less reliable 

univariate results are available. This may have resulted in the contra intuitive results for this variable. 

Furthermore, Walachowski et al., (2013) reported that the within-herd HEV seroprevelance was 

associated with a down period in the nursery phase of less than four days. Similarly, this study 

investigated the down period in the nursery phase with a cut-off value was one day. However, 

implementation of the variable resulted in no model improvement (AIC=1.97). This may have been 

caused by the use of a different cut-ff value for the duration of the down period. Researching the effect 
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of a different cut-off value can be useful, but was not feasible in this study, due to the low number of 

farms with a down period of more than three days. 

Before our results can be used to identify possible intervention strategies to prevent HEV transmission 

between farm compartments, several nuances should be emphasized. Firstly, a common phenomenon in 

statistics entails that analysing datasets with many variables and a limited number of observations may 

result in a number of significant associations, even if there is no causal relation (J.C. Vernooij, personal 

communication). Consequently, model improvement provided by including variables could be based on 

coincidence rather than biological mechanisms. Furthermore, investigating many variables regarding one 

subject increases the chance that several explanatory variables are correlated. For instance, if a farm has 

a strict hygiene protocol, it is likely that the farmer showers before each farm visit and wears gloves. 

Since the factors are associated, both factors will be associated to the outcome variable if only one of the 

factors hinders the transmission of HEV. Therefore, associated explanatory variables may interfere with 

the model. The used multivariate analysis corrects for associated explanatory variables, but the relatively 

large differences between the odds ratios in the univariate and multivariate analysis of the variable 

regarding the building year of the farm indicates that associated variables may have interfered with the 

model (J.C. Vernooij, personal communication). Consequently, the multivariate model might contain 

associations that do not affect HEV transmission, indicating the need for studies investigating the causal 

relation between the identified risk factors and HEV transmission. 

  Secondly, the effect of confounding factors should not be overlooked. Confounding factors affect 

both the explanatory variable and the outcome variable, suggesting a non-existent relationship. For 

example, it is implausible that the building year of the oldest barn affects biological processes, while it is 

likely that the cleanability of the farm may be affected by the wear and tear of construction materials or 

the use of modern materials like plastics instead of wood. Another example is the implementation of 

rubber flooring in fattening pig pens. Rubber flooring could be associated with the use of certain feeding 

systems. If this feeding system is associated to the introduction of HEV in a farm compartment, the use of 

rubber flooring can be associated to the outcome variable in this study, without an underlying biological 

mechanism. It must be stated, however, that feeding system was not investigated in this study or and 

previous risk factor analyses do not report such associations. 

  Thirdly, a low number of observations per category may cause a less precise estimate for the 

odds ratio, resulting in interference with interpretation of the results. This can be expected for the 

contradictive result concerning the monthly and daily washing frequency of clothes. The effect of both a 

higher and lower washing frequency are similar effect on the outcome variable, while this seems 

biologically illogical. This may be explained by the low number of observations in the monthly washing 

category (n=7). Similarly, the low number of farms using hydrogen peroxide and peracetic acid (n=5) may 

have caused the opposite effect of different effective chemicals in disinfection chemicals.  
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  Fourthly, the questionnaire and hygiene inspection demanded for quantitative data over 

qualitative data. Farmers were asked to indicate which pre-defined category reflected their farm 

practices best, resulting in exposure misclassification. Additionally, farmers were asked about information 

from a year ago, which may have led to recall bias. Since eight research assistants administered the 

questionnaire and executed the hygiene inspection, interviewer bias cannot be ruled out. 

  Fifthly, the use of a univariate analysis does not allow variables to be analysed in a combination 

of possibly relevant factors. Therefore, it is possible that not all relevant explanatory variables have been 

selected for the multivariate analysis. For example, using a certain disinfection chemical may not have a 

major effect on HEV transmission if it is not used frequently. On the other hand, disinfecting frequently 

with an impotent disinfection chemical will not alter HEV transmission. Thus, it is necessary to analyse the 

use of disinfection chemicals and disinfection frequency simultaneously. To overcome this problem, 

future studies may consider using LASSO regression (Ranstam & Cook, 2018). 

  Seventhly, a considerable time period of approximately 18 months is present between the 

collection of the data from which the outcome variable has been derived and the administration of the 

questionnaire and execution of the hygiene check on which the explanatory variables are based. 

Therefore, particularly the explanatory variables regarding the hygiene check may not reflect the 

situation before sampling very well. For instance, our finding that a smaller distance to the manure pit is 

associated with a higher odds on a HEV-free batch is not in line with the finding of Walachowski et al., 

who reported that HEV seroprevalence increased if there was a small gap between the slatted floor and 

the pit manure (Walachowski et al., 2014). Moreover, considering the faecal-oral transmission route of 

HEV (Bouwknegt et al., 2011), it is likely that an increased exposure to manure will result in increased 

HEV transmission. This discrepancy might be explained by the time period between the sample collection 

and performance of the hygiene inspection. 

   Eightly, care should be taken when interpreting the serological and virological results 

regarding outcome variable. The samples have been taken from six pigs per slaughter batch. The small 

sample size per batch implies some uncertainty about the batch infection status based on PCR or ELISA. 

Additionally, as farmers combine pigs originating from four farm compartments in average into one 

slaughter batch, the slaughter batch result might reflect the HEV status of more than one farm 

compartment.  

  Lastly, the current risk factor analysis focusses on the transmission of HEV between concurrent 

batches housed in the same farm compartment. Other transmission routes than between-batch 

transmission within a farm compartment should not be overlooked. This is indicated by the variable 

regarding the cleaning procedure of the central corridor, since the variable addresses the hygiene 

protocol between farm compartments, rather than transmission between concurrent batches within a 

farm compartment. The improvement of the model fit provided by this variable implies that the 
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investigation of the contribution of transmission between farm compartments to the on-farm persistence 

of HEV warrant further investigation. 

In conclusion, we identified the ‘building year of the oldest barn’, ‘the washing frequency of clothes’, 

‘cleaning procedure includes sweeping of the floor of the central corridor’ as risk factors potentially 

enabling HEV mitigation on pig farms. Since this study was carried out on 73 farms that were selected 

from a group of 215 randomly selected Dutch farms based on several inclusion criteria and farmers 

participated voluntarily, selection and participation bias may have affected the generalisability of the 

group of farms that participated. However, it is not likely that this has affected the identification of 

potential risk factors affecting HEV transmission, since the biological mechanisms underlying HEV 

transmission are similar for all pig farms. 

  Future research should investigate the causal relation between the identified potential risk 

factors and the within-farm HEV transmission, since the statistics used in the current risk factor analysis 

only allow to identify associations, and no causal relations. To assess the causal relationship, an 

experimental case-control study investigating HEV transmission should be carried out. Based on this risk 

factor analysis, an interesting approach for the potential risk factor ‘the washing frequency of clothes’, 

would be to implement a weekly washing frequency as control, and a daily and monthly washing 

frequency as case. The case-control design for the implementation of sweeping in the cleaning procedure 

of the central corridor is straight-forward. Regarding the building year of the oldest barn, a case-control 

study in experimental setting would be complex and, moreover, no intervention strategies can be derived 

from such studies. Thus, the investigation of mechanisms underlying the possible effect on transmission, 

such as the use of different construction materials, is recommended. Additionally, researchers should 

investigate other transmission routes of HEV withing farms than transmission between farm 

compartments, for example on pen-level. 

  If the experimental studies would reveal a causal relation between the washing frequency of 

clothes, the implementation of sweeping in the cleaning procedure of the central corridor, or the use of 

certain construction materials and HEV transmission within farms, effective intervention strategies can be 

identified and tested, hopefully contributing to the mitigation of the public health risk associated with 

HEV presence on pig farms.  
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Chapter 3  
To be submitted to: Preventive Veterinary Medicine as Short Communication. 

Short Communication: Exploration of The 
Pen-Level Prevalence of Hepatitis E Virus on 
Pig Farms 

Highlights  
• We were able to determine the pen-level prevalence (divided into the between-pen and within-

pen prevalence) of HEV-shedding pigs on pig farms, and the presence of variability in this 

prevalence is clear. 

• Pen-level investigation of HEV transmission on pig farms is a promising and feasible method. 

• Considering the possibility of between-farm differences in HEV transmission dynamics, 

researchers may need to conduct farm-specific pilot studies before designing pen-level 

epidemiological research. 

Layman summary 
Hepatitis E virus (HEV) is a virus that can infect both humans and pigs, which is present on most pig farms. 

To reduce the foodborne zoonotic risk, it is necessary to gain a better understanding of how HEV is 

transmitted on pig farms. Since all pig farms are infected with HEV, it has been indicated that efforts to 

reduce the number of pigs infected with HEV on pig farms should be directed towards lowering the 

transmission of HEV within pig farms, rather than between farms. Transmission of HEV within pens is 

inevitable and we suggest that investigating the transmission of HEV on pen-level may be promising. 

Since studies on pen-level cannot be conducted without knowledge about the prevalence of HEV on pen-

level, we explored the pen-level prevalence of HEV-shedding pigs on four Dutch pig farms. On these 

farms, faecal swab samples were taken from pigs in four age categories. Both the proportion of pens 

housing HEV shedding animals (between-pen prevalence) and the proportion of HEV shedding animals in 

positive tested pens (within-pen prevalence) were determined. Additionally, the prevalence of HEV-

shedding pigs on farm-level and age cohort-level was calculated. HEV-shedding animals were identified 

on three of the four investigated farms, all in the age category ‘last week of fattening phase’. Both the 

between-pen prevalence and within-pen prevalence varied greatly between farms. The between-pen 

prevalence and within-pen ranged from 0 to 0.75 and 0.14 to 1, respectively. These results indicate that 

pen-level epidemiological research is not only a promising, but also a feasible method. Future research 

should take into account that HEV transmission dynamics may vary between farms.  
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Abstract 
Hepatitis E virus (HEV) is a zoonotic virus that is persistently present on most pig farms. The epidemiology 

of HEV on pig farms remains to be elucidated. Considering the persistent presence of HEV on pig farms, it 

has been indicated that mitigation of HEV on pig farms should be focussing on within-farm transmission. 

The R0 of HEV is high and transmission between pigs occurs through the faecal-oral transmission route, 

resulting in inevitable transmission of HEV within pens. Consequently, we suggest that epidemiological 

research with a pen housing pigs may be promising. This study aims to enable pen-level epidemiological 

studies. Therefore, a cross-sectional exploration of the pen-level prevalence of HEV-shedding pigs was 

carried out. Faecal swab samples were taken from pigs in four age categories on four Dutch pig farms. 

Both the proportion of pens housing HEV shedding animals (between-pen prevalence) and the proportion 

of HEV shedding animals in positive tested pens (within-pen prevalence) were determined. Additionally, 

the prevalence of HEV-shedding pigs on farm-level and age cohort-level was calculated. HEV-shedding 

animals were identified on three of the four investigated farms, all in the age category ‘last week of 

fattening phase’. Both the between-pen prevalence and within-pen prevalence varied greatly between 

farms. The between-pen prevalence and within-pen ranged from 0 to 0.75 and 0.14 to 1, respectively. 

These results indicate that pen-level epidemiological research is not only a promising, but also a feasible 

method. Future research should take into account that HEV transmission dynamics may vary between 

farms. 

Keywords 
Hepatitis E Virus, Zoonosis, Veterinary public health, Pen-level research, Prevalence, Pigs 
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Introduction  
Numerous studies have been devoted to the investigation of the epidemiology of HEV on pig farms, 

aiming to contribute to the mitigation of HEV on pig farms. These studies have either been devoted to 

the investigation of HEV epidemiology on farm-level (Lopez-Lopez et al., 2018; Rutjes et al., 2007, 2014b; 

Walachowski et al., 2014), batch-level (Fernández-Barredo et al., 2016; McCreary et al., 2008) or animal-

level (Bouwknegt et al., 2008; Rose et al., 2011). While these studies have provided several insights, the 

epidemiology of HEV on pig farms remains to be elucidated (Salines et al., 2017). 

Pig farms are suggested to be persistently infected with HEV (Meester et al., 2021), since phylogenetic 

analyses have shown that pig farms often have a unique HEV strain which remains closely related over 

time (Wang et al., 2019). Reducing the number of HEV infections in pigs should therefore be 

concentrated at preventing transmission within farms. Within farms, transmission of HEV may occur 

within pens, between pens and between farm compartments. Therefore, research investigating the 

transmission of HEV on these levels is favourable. However, HEV transmission within pens is unavoidable, 

given faecal-oral transmission and the high R0 that is reported (Bouwknegt et al., 2008). Consequently, 

investigation of animal-level epidemiology of HEV may be inefficient. Thus, epidemiological research with 

either farm compartment or pen as observational unit can be considered as the most promising method 

to identify intervention strategies resulting in mitigation of HEV on pig farms. 

This study focusses on enabling pen-level epidemiological research. To allow pen-level epidemiological 

studies to be conducted, it is vital to explore the pen-level HEV prevalence and the variability in the pen-

level prevalence between pens within and between pig farms. Consequently, this study aims to explore 

the proportion of pens housing HEV-shedding pigs and the proportion of HEV-shedding pigs per pen on 

pig farms. Since this is, to the knowledge of the author, the first study to explore the pen-level concept in 

an observational setting, the farm-level and age cohort-level prevalence of faecal HEV shedding in pigs 

was determined to permit comparisons to available scientific studies. 
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Materials and methods 
This cross-sectional study aimed to explore the pen-level prevalence of faecal HEV shedding in pigs. 

Additionally, the farm-level and the age cohort-level faecal HEV shedding prevalence was determined. 

The Animal Welfare Body from Utrecht University was consulted and concluded that the study was 

exempt from an animal ethical evaluation, as the project did not include procedures according to the 

European Directive on the protection of animals used for scientific purposes (EC/2010/63). 

Study design, sample collection and farm selection 
Four Dutch pig farms participated in this study. Farms were selected based on the virological and 

serological research from a previous prevalence study conducted in 2019. The prevalence study from 

which the serological and virological results were derived, was conducted between January and August 

2019, involving 215 Dutch pig farms delivering slaughter pigs to slaughterhouses of a major slaughter 

company in the Netherlands. A detailed description of the serum sample collection is described by M. 

Meester et al. (in preparation). Briefly, blood samples were collected from five to twelve slaughter pigs 

per slaughter batch during exsanguination. Sampled pigs were randomly selected from each batch. Per 

farm between two and 24 batches were sampled.  

  The serological and virological analyses have been described by M. Meester et al. (in 

preparation). Briefly, presence of IgM and IgG anti-HEV antibodies was detected in individual sera using 

an in-house pig specific sandwich enzyme-linked immunosorbent assay (ELISA), as recommended by Van 

der Poel et al., (2014). For the detection of HEV RNA, sera of pigs were pooled per slaughter batch (total 

of 200 µl). Extraction of HEV RNA was carried out using the Direct-zol 96 kit (Zymo Research). HEV RNA 

detection was conducted by real time RT-PCR using the Taqman Fast virus-1 step master mix (Applied 

biosystems) on the LightCycler 480 (Roche), according to Jothikumar et al. (Jothikumar et al., 2006).  

  For the current cross-sectional study, the inclusion criteria based on the previous prevalence 

study (M. Meester et al., in preparation) were: (1) a seroprevalence of more than 70% and (2) detection 

of HEV-RNA in at least one of the pooled serum samples.  

On all investigated farms, a cross-sectional study was conducted in May 2021. Faecal swab samples were 

acquired from pigs of four age groups: (1) first week of nursery phase (~5 wks of age), (2) last week of 

nursery phase (~9 wks of age), (3) second week of fattening phase (~12 wks of age) and (4) last week of 

fattening phase (~24 wks of age)). Sampling moments 1 and 2 reveal the presence of infectious pigs on 

moments of the mingling of piglets. The major occasions for transmission from infected pigs to either pigs 

or humans are reflected by sampling moments 3 and 4. 

  Feacal swab samples were acquired directly from the rectum, using a cotton wool swab for 10 

seconds. As HEV may also be present in the environment (Ianiro et al., 2021), researchers ensured that 

cotton wool swabs only came into contact with the pigs rectum. During farm visits, gloves were changed 

between each pen, hairnets were changed between each farm compartment and boots were changed 
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between the weaning and fattening phase. Samples were taken from 7 pens per age category. The 

sampled pens were randomly selected from, but evenly distributed over, the available farm 

compartments housing the animals of interest. In every pen, each individual pig was sampled. If a farm 

housed more than 20 pigs per pen, 20 pigs per pen were sampled. Only animals that were showing signs 

of severe disease were excluded from sampling. Table 4 displays the number of taken faecal samples. 

Swab samples were stored at room temperature upon arrival at the laboratory on the same day.  

Molecular detection of HEV 
For the detection of HEV RNA, 2ml tryptosephosphate 2.95% with gentamycin was added to the cotton 

wool swab sample. After vortexing, samples were incubated for 30 minutes, enabling the faeces to soak 

off. Samples were vortexed again and centrifuged at 2,500 g. The supernatant was separated and stored. 

Subsequently, a was pool pen sample was made by taking 40 µL supernatant per sample from each 

individual pig sample. Awaiting further analysis, samples were stored at -80 °C. 

  Samples were analysed at Wageningen Bioveterinary Research. First, all pooled samples were 

tested. On 100 µl of every pooled sample, RNA isolation was carried out using the Quick-DNA/RNA Viral 

MagBead kit (Zymo Research), following the manufacturer’s recommendations. Molecular detection of 

HEV RNA was conducted using real-time RT-PCR following the protocol recommended by Jothikumar, 

including the inclusion of negative controls in each run (Jothikumar et al., 2006). Upon a positive pool 

sample result, individual samples were tested following the methods as described above. 

Prevalence calculations 
This study explores the farm-level, age cohort-level and pen-level prevalence of faecal HEV shedding in 

pigs on four pig farms. A pig was considered to shed HEV if HEV-RNA was detected in the individual faecal 

sample of the pig. To determine the pen-level HEV prevalence, the proportion of pens housing HEV-

shedding pigs per farm was determined (to be defined as between-pen prevalence). Subsequently, in 

pens housing HEV-shedding pigs, the proportion of HEV-shedding pigs per pen was determined (to be 

defined as within-pen prevalence). The age cohort-level HEV prevalence was calculated for both age 

categories per age cohort, to enable identification of variation within age cohorts. The HEV prevalence on 

age cohort level was derived from the proportion of HEV-shedding animals per batch. Based on the 

proportion of farms housing HEV-shedding pigs, the farm-level HEV prevalence was calculated. 
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Results 
Faecal presence of HEV-RNA was detected in on three farms: Farms A, C and D. Therefore, the farm-scale 

HEV prevalence of HEV shedding pigs is 0.75 (prevalence not shown in Table 4). 

Table 4 presents the age cohort-level virological results and accompanying prevalence of HEV shedding 

pigs per farm. It can be seen that HEV-RNA was solely detected in the faeces of pigs in the age category 

‘last week of fattening phase’. On Farm A, the prevalence of HEV-shedding animals in this age category 

was 0.09. On Farms C and D, the prevalence was 0.60 and 0.02, respectively. In the other three age 

categories ‘first week of nursery phase’, ‘last week of nursery phase’ and ‘second week of fattening 

phase’, no HEV-shedding pigs were identified. 

The pen-level prevalence of HEV shedding pigs was determined on two levels: (1) the between-pen 

prevalence of HEV-shedding pigs, and (2) the within-pen prevalence the prevalence of HEV shedding pigs. 

Table 4 lists the number of sampled animals and pens, virological results and accompanying prevalence 

per farm and age category. Analysis of the samples pooled per pen resulted in a between-pen prevalence 

of 0.14, 0.75 and 0.14 on Farms A, C and D, respectively. On farm A, HEV shedding animals were detected 

in solely one pen. In this pen, seven out of the eleven were shown to shed HEV, resulting in a within-pen-

level prevalence of 0.64. While the number of pens housing HEV-shedding pigs, namely one, was identical 

for Farms A and D, Farm D was shown to have a lower within-pen prevalence: only one of the seven 

sampled pigs was shown to shed HEV. The highest between-pen and within-pen prevalence of HEV 

shedding pigs was identified at Farm C: six out of the eleven sampled pens ware shown to house HEV-

shedding pigs. Within these pens, the within-pen HEV prevalence ranged from 0.45 to 1.00. 

Figure 3 combines the age cohort-level and pen-level results. It presents the between-pen proportion of 

HEV shedding pigs, while pointing out that variation in the proportions were solely obtained for pens in 

the age category ‘last week of fattening phase’, since no HEV-RNA was detected in the faeces of pigs in 

the remaining age categories. 

FIGURE 3: THE BETWEEN-PEN PREVALENCE OF HEV-SHEDDING PIGS DIFFERS PER AGE CATEGORY AND PER FARM 
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Table 4: The pen-level prevalence (between-pen and within-pen) and the age cohort-level prevalence 

Farm Age category Number of HEV positive pooled pen 
samples/number of sampled pens 
(between-pen prevalencea) 

Number of HEV shedding animals 
per positive tested pen/number 
of sampled animals in the pen 
(within-pen prevalenceb)* 

Number of HEV shedding animals 
in total/total number of sampled 
pigs (age cohort-level prevalencec) 

A First week of nursing phase 0/7 (0.00)  0/138 (0.00) 

 Last week of nursing phase 0/7 (0.00)  0/139 (0.00) 

 Second week of growing phase 0/7 (0.00)  0/105 (0.00) 

 Last week of growing phase 1/7 (0.14) 7/11 (0.64) 7/75 (0.09) 

B First week of nursing phase 0/7 (0.00)  0/140 (0.00) 

 Last week of nursing phase 0/7 (0.00)  0/142 (0.00) 
 Second week of growing phase 0/7 (0.00)  0/141 (0.00) 

 Last week of growing phase 0/7 (0.00)  0/139 (0.00) 

C First week of nursing phase 0/6 (0.00)  0/84 (0.00) 

 Last week of nursing phase 0/6 (0.00)  0/90 (0.00) 

 Second week of growing phase 0/8 (0.00)  0/85 (0.00) 

 Last week of growing phase 6/8 (0.75) 10/10 (1.00) 
8/9 (0.89) 
4/8 (0.5) 
8/9 (0.89) 
9/10 (0.90) 
5/11 (0.45) 

44/73 (0.60) 

D First week of nursing phase 0/7 (0.00)  0/139 (0.00) 

 Last week of nursing phase 0/7 (0.00)  0/93 (0.00) 

 Second week of growing phase 0/7 (0.00)  0/70 (0.00) 
 Last week of growing phase 1/7 (0.14) 1/7 (0.14) 1/51 (0.02) 
a The between-pen prevalence of HEV shedding pigs was calculated as the proportion of sampled pens in which HEV-RNA was detected. 
b The within-pen prevalence of HEV shedding pigs was calculated as the proportion of individual faecal samples in which HEV-RNA was detected per 
positive tested pen.  
c The batch-level prevalence of HEV shedding pas was calculated as the proportion of total number of individual faecal samples in which HEV-RNA was 
detected per age category. 
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Discussion and conclusion 
This cross-sectional study explores the prevalence of HEV in pigs on pen-level. Since this is, to the 

knowledge of the author, the first study to explore the pen-level epidemiology of HEV in an observational 

setting, the farm-level and age cohort-level prevalence of faecal HEV shedding on the investigated pig 

farms was determined to permit comparisons to available scientific studies.  

 We found a farm-level prevalence of HEV shedding animals of 75%, since HEV-RNA was detected 

in faeces of pigs on three out of the four investigated farms. According to a review performed by Salines 

et al., (2017), the reported farm-scale virological HEV prevalence in literature ranges from 10% to 100%. 

Thus, our result is in line with previous literature. However, it is remarkable that no HEV-shedding 

animals were detected in farm B, considering our inclusion criterium that farms should have delivered 

batches of slaughter pigs with a seroprevalence of 70% of higher. It should be noted that the period in 

which pigs shed HEV is relatively short (1-7 weeks (Meester et al., 2021)). Moreover, the study design is 

cross-sectional and does not allow pigs to be followed up longitudinally. Therefore, it is more likely that 

HEV-shedding pigs were present on this farm and that no samples were taken from these animals at the 

moment they were shedding HEV. 

  On age category-level, our prevalence of HEV shedding animals was zero in the age categories 

‘first week of nursery phase’, ‘last week of nursery phase’ and ‘second week of fattening phase’. Similar 

to our results, a recent cross-sectional study performed by Ianiro et al., (2021) reported absence of HEV 

shedding in weaner pigs. Others did report HEV shedding in pigs in the nursery phase (Fernández-Barredo 

et al., 2016; Forgách et al., 2010; Steyer et al., 2011) and, moreover it has been suggested that regrouping 

piglets before entering the nursery phase increases HEV prevalence (Walachowski et al., 2014). Thus, the 

presence of HEV shedding pigs in the nursery phase differs per farm. Our finding of absence of HEV-

shedding pigs in the second week of the fattening phase is noticeable. We were unable to find any papers 

reporting similar results. Furthermore, a meta‑regression analysis based on 31 studies performed by 

Salines et al., (2017), resulted in a peak prevalence of fecal HEV shedding pigs aged ~90 days, 

corresponding with the age of the investigated ~85-days-old pigs in the age category ‘second week of 

fattening phase’. Since all samples were handled similarly and sufficient care was taken regarding the 

obtaining, storing and analysis of the samples, it is unlikely that loss of RNA in the samples has caused the 

absence of HEV detection. Thus, presumably the HEV shedding pattern on the farms investigated in this 

study is different from that of farms investigated in previous studies. This could be due to our selection 

criteria that farms should deliver a relatively high proportion of viraemic slaughter pigs, while others 

often include a random selection of pig farms. Solely in the age category ‘last week of nursery phase’, 

HEV shedding pigs were detected, with an age cohort-prevalence ranging from 0.02 to 0.6. The 

prevalence of HEV in 6-month-pigs has been reported to range from 0% (Sasaki et al., 2018) to 15% 

(Honing et al., 2011). The meta-regression analysis by Salines et al. (2017) showed a prevalence of 6.1% in 

185-days-old pigs. Thus, our prevalence in pigs in the last week of the fattening phase exceeds the 
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reported prevalence in pigs of similar age. This is in line with our finding that the proportion of HEV-

shedding pigs in the first week of fattening phase is lower than has been reported in literature. Infected 

pigs shed HEV for one to seven weeks and seroconvert during that period (Meester et al., 2021). To leave 

sufficient susceptible animals in the last stage of the fattening phase, which is necessary to enable the 

relatively high number of infected pigs in the last stage of the fattening phase, the number of infected 

pigs in the first stage of the fattening pigs needs to be relatively low. This corresponds with the relatively 

low prevalence in the pigs in the age category ‘second week of fattening phase’, and the relatively high 

prevalence in the age category ‘last week of fattening phase’ found in this study. 

  In conclusion, our findings are partly in line with previous research, but also indicate a HEV 

shedding pattern with a later onset of HEV infection than is usually reported. This may be due to our 

selection of farms delivering a relatively high proportion of viraemic slaughter pigs, while other studies 

have investigated a random selection of pig farms. 

This study is, to the knowledge of the author, the first to explore the observational pen-level prevalence 

of HEV shedding pigs on pig farms. While the used selection criteria for the investigated farms reduce the 

generalisability of the found pen-level prevalence, we were able to determine the between-pen and 

within-pen prevalence and the presence of variability in the prevalence of HEV on pen-level is clear. 

Considering the need for investigation of HEV transmission within farms, which is underlined by the 

finding that most pig farms are persistently infected with HEV (Meester et al., 2021), and the conclusion 

that at transmission of HEV within pens is inevitable (Meester et al., 2021), given faecal-oral transmission 

and the high R0 that is reported (Bouwknegt et al., 2008), future studies may consider using pens housing 

pigs as unit of observation in studies investigating HEV epidemiology on pig farms. Such studies should 

focus on explaining the source of infection for that unit of observation and potential mitigation 

strategies. 

  However, this study indicates that study design of pen-level epidemiological research might be 

complex. Firstly, it is noticeable that the pen-level and age cohort-level prevalence of HEV shedding 

animals shows major differences per farm, on both batch-level and pen-level, indicating that HEV 

shedding patterns may vary greatly between farms. Variability in HEV shedding pattern between farms 

has been reported by others (McCreary et al., 2008; Nakai et al., 2006). Secondly, we have shown that 

shedding patters on a farm may be different than can be expected based on literature. While literature 

indicates a peak prevalence in shedding in pigs aged 12 weeks, we were unable to detect HEV shedding in 

12-weeks-old pigs on all farms. Additionally, the prevalence of HEV-shedding animals in the last stage of 

the fattening phase exceeds prevalences reported in literature. Therefore, it might be beneficial for 

researchers planning to study HEV epidemiology on pen-level to consider calculating sample sizes and 

determining appropriate sampling moments for each individual participating farm. 

   



 

32 

  Pens housing pigs may not be the sole useful unit of observation regarding research studying 

HEV transmission within pig farms. Using farm compartments as unit of observation is another interesting 

approach. To permit such studies, a study similar to this cross-sectional research should be conducted. 

Based on our results, sampling moments would preferably mainly take place during the fattening phase, 

since we detected no HEV shedding pigs in the nursery phase, but since HEV shedding patterns may vary 

between farms, the nursery phase should not be overlooked. 

This study has several limitations. Firstly, no blood samples have been collected. Serological analysis 

would have enabled identification of HEV infection prior to and between sampling moments, since 

seroconversion occurs three to four weeks after exposure and the period of faecal HEV shedding is 

relatively short (one to seven weeks) (Meester et al., 2021). However, regarding animal welfare, the use 

of faecal samples is preferred, since taking blood samples causes more discomfort, pain, stress and injury 

to the animal (Risalde et al., 2020). Secondly, the cross-sectional study design does not allow longitudinal 

following of the infection status of pigs. Since pigs from consecutive batches are housed in totally 

different farm compartments, they may have been exposed to HEV at a different moment in their lives, 

resulting in different HEV transmission dynamics between batches. Therefore, sampling animals from 

different batches might not reveal the actual HEV shedding pattern. Thirdly, all blood samples were 

pooled before virological analysis. Consequently, pigs shedding a low amount of virus may have been 

overlooked. 

In conclusion, pen-level investigation of HEV epidemiology on pig farms is a promising a feasible method, 

that will hopefully contribute to the mitigation of HEV on pig farms. Considering the major differences in 

the prevalence of HEV shedding animals on both batch-level and pen-level, researchers should consider 

performing farm-specific pilot studies before investigating HEV transmission within pig farms. 
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Chapter 4 

General discussion 
This report entails two studies that are part of the HEVentie project, a project aiming to identify effective 

intervention strategies enabling mitigation of HEV on pig farms. The overarching objective of this report is 

to contribute to the investigation of the within-farm transmission of HEV on pig farms. This is vital, since 

HEV in pigs poses a risk for public health (Ricci et al., 2017) and most pig farms are persistently infected 

with HEV (Meester et al., 2021). In this chapter, I discuss the results of both studies from the overarching 

perspective and present recommendations for future studies.  

Considering the construction of most pig farms, within-farm HEV transmission can be investigated on two 

levels: the level of farm compartments and the level of pens housing pigs. The first paper presented in 

this report (chapter 2) studies the transmission of HEV between farm compartments. This study shows 

that several hygiene measures are associated with occurrence of batches escaping from HEV infection on 

pig farms, but causal associations and clarification of biologically relevant mechanisms remain to be 

determined. The second paper (chapter 3) explores the pen-level epidemiology of HEV. The between-pen 

and within-pen HEV prevalence were calculated and varied greatly between and within farms. No HEV-

shedding pigs were identified in all age categories, except in the last week of the fattening phase. 

Consequently, it was suggested that HEV shedding patterns differ per farm. Additionally, on one of the 

four investigated farms total absence of HEV shedding was shown, even though the inclusion criterion 

was a relatively high seroprevalence. Combining the identification of HEV-free batches of slaughter pigs 

on infected pig farms (chapter 2) and the identification of variation in pen-level HEV prevalence (chapter 

3), suggest that several factors affect within-farm HEV transmission. Therefore, future work is needed to 

identify mitigation strategies that prevent HEV transmission within farms. 

  In this report, the term HEV-free was defined as a batch of pigs from which blood serum samples 

tested negative during serological and virological analysis. However, HEV has been demonstrated in many 

other organs in infected pigs, such as liver, lymph nodes and kidneys (Krog et al., 2019). Since it has been 

indicated that presence of HEV-RNA in faeces is indicative for presence of HEV in organs (Krog et al., 

2019), future research should consider combining virological results from faecal samples with virological 

and serological results from serum samples to improve our definition of ‘HEV-free’. 

  As has been discussed in chapter 2, a batch of slaughter pigs is often composed of pigs derived 

from several farm compartments. Consequently, batches of slaughter pigs do not perfectly reflect the 

group of pigs that was housed in a specific farm compartment. Additionally, the concept of farm 

compartments is not applicable to many organic farms. Furthermore, it is likely that transmission of HEV 

within farm compartments is dependent on transmission of HEV on pen-level. Pen-level is likely to be the 

smallest efficient unit of observations, since transmission of HEV within pens in inevitable (Meester et al., 
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2021). Therefore, pen-level epidemiological studies could be preferred over research on the level farm 

compartments. 

  Recent literature has stated that it is likely that the farm house environment acts as a continuous 

source of HEV (Ianiro et al., 2021). Considering the faecal-oral transmission route of HEV (Bouwknegt et 

al., 2011), an interesting approach regarding exploring within-farm HEV transmission would be to 

investigate the contribution of environmental HEV contamination on pig farms as a source of infection. 

Since the amount of environmental HEV contamination may be affected by the number of HEV shedding 

pigs in the pen in the previous batch, the shedding pattern of HEV within a pen may depend on the 

shedding pattern of HEV in the same pen in the previous batch. Thus, a longitudinal study following up 

consecutive batches of pigs would be of interest. 

Integrating all recommendations results in a suggestion for future research within the HEVentie project: a 

longitudinal Randomized Controlled Trial investigating the effect of implementation of hygiene measures 

on pen-level. The outcome variable of this study would be a characteristic of the shedding pattern in the 

pen, such as the period until at least one pig starts shedding HEV. The intervention should be based on 

the hygiene measures identified in the risk factor analysis presented in this study. One cluster of pens 

forms the cohort without intervention (defined as untreated control cohort), and the other cluster of 

pens is treated with several predefined hygiene measures (defined as treated cohort). Within the 

untreated control cohort, the load of environmental contamination may differ per pen, dependant on the 

shedding pattern in the pen in the previous batch. It is not likely that exact same relation is present in the 

treated cohort, since hygiene measures will lower the environmental load of HEV. Therefore, the 

outcome variable will not only be dependent on the classification of treated and untreated control 

cohort, but also on the shedding pattern in the pen in the previous batch and a possible interaction 

between both cohorts and shedding pattern. Therefore, it is vital to appoint a characteristic reflecting the 

HEV shedding pattern in the previous batch. Logically, this characteristic would resemble the 

characteristic on which the outcome variable is based, so that several concurrent batches can be 

investigated with a minimum number of samples. In case this outcome variable is the time until at least 

one pig start shedding HEV, the statistical analysis could entail a survival analysis. To assess the effect of 

the intervention, the hazard ratio can be calculated. It would be logical to assess the effect of the effect 

of the period until shedding in the previous batch for the treated cohort and non-treated control cohort 

separately, since it is likely that hygiene measures will interact with the environmental contamination. 

Therefore, a survival analysis with separate strata for the treated cohort and non-treated control cohort 

should be carried out and the hazard ratios should for the different periods until shedding in the previous 

batch should be calculated. This study design will not only investigate a causal relation between hygiene 

measures and HEV shedding patterns, but also the effect of environmental contamination on HEV 

shedding patterns. Execution of this research will hopefully contribute to the intervention strategies that 

are vital to mitigate HEV on pig farms.  
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The aim of implementing such intervention strategies is to mitigate the public health risk associated with 

HEV presence on pig farms. However, it should be noted that if HEV transmission is reduced insufficiently, 

it can be expected that an increased proportion of actively infected pigs will be slaughtered (Meester et 

al., 2021), due to a later onset of HEV infection. In other words, if HEV mitigation strategies on pig farms 

lower HEV transmission insufficiently, less seroconverted and more viraemic slaughter pigs will be 

delivered to the slaughterhouse. While the presence of anti-HEV antibodies is likely to be harmless, 

presence of infectious HEV in pork poses a risk for public health (Ricci et al., 2017). Thus, the 

implementation of mitigation strategies may increase the risk for public health if premature conclusions 

about the effectivity of such strategies are drawn. Therefore, the effect of strategies contributing to HEV 

mitigation on pig farms should be proven to be sufficiently effective, before implementing any mitigation 

strategies. 

HEV presence has been demonstrated not only in pigs, but also in wild boars (Adlhoch et al., 2009) and 

many other wild animals (Ricci et al., 2017). Additionally, HEV has been detected in water (Rutjes et al., 

2009), and the origin of drinking water on pig farms has been shown to be associated with the risk of 

delivering slaughter pigs with HEV-positive livers (Walachowski et al., 2014). Consequently, I hypothesize 

that mitigation of HEV on pig farms is not solely dependent on HEV transmission within pig farm, but also 

on the introduction of HEV from various sources, such as drinking water and, particularly on organic pig 

farms, contact with (faeces of) wild animals. Thus, the desired approach to deal with the public health 

risk associated with presence of HEV in pork is a One Health approach. Only if researchers will engage in 

interdisciplinary collaborations, mitigation of HEV on pig farms will be successful. 
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Appendices 
Appendix A 
The questionnaire used to identify present potential risk factors in the original language   
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Appendix B 

Hygiene inspection used to identify presence of potential risk factors 
 

HEVentie - Risicofactor studie - Visuele Check  
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Appendix C 

Odds ratios for explanatory variables lowering the AIC with less than 
one point 
 

Potential risk factor AIC Levels ORa (95%CI)bc 

Frequency emptying manure 
storage farrowing phase 

1.81 Less often than between every batch of 
pigs (n=15) 

1 

  
Between every batch of pigs or more 
often (n=8) 

0.54 (0.04-8.22) 

Frequency pen fouling 
fattening phase 

2.54 (Almost) never (n=21) 1 

  
Sometimes (n=27) 1.07 (0.36-3.21)   
Often (n=25) 0.55 (0.16-1.87) 

Building year newest barn 1.80 Build in or before 2000 (n=9) 1   
Build after 2000 (n=64) 1.42 (0.3-6.85) 

Frequency emptying manure 
storage nursery phase 

0.79 Less often than between every batch of 
pigs (n=17) 

1 

  
Between every batch of pigs or more 
often (n=9) 

0.21 (0.01-4.58) 

Frequency emptying manure 
storage fattening phase 

2.00 Less often than between every batch of 
pigs (n=47) 

1 

  
Between every batch of pigs or more 
often (n=26) 

1.02 (0.38-2.72) 

Frequency pen fouling 
fattening phase 

2.00 Never (n=9) 1 

  
Sometimes/often (n=14) 0.99 (0.07-13.96) 

Frequency foam presence 
above slatted floor (in 
relation to manure) 

2.37 Never (n=35) 1 

  
Sometimes  (n=14) 1.96 (0.61-6.37)   
Several times per year (n=24) 0.9 (0.31-2.65) 

Cleaning frequency central 
corridor 

0.91 Yearly or less often (n=10) 1 

  
After contact with animals has ended 
(n=23) 

1.77 (0.4-7.87) 

  
Between every batch of pigs  (n=24) 1.3 (0.29-5.9)   
Every week (n=13) 0.21 (0.02-2.46) 

Cleaning frequency 
enrichment 

1.94 Yearly or less often (n=15) 1 

  
Between every batch of pigs  (n=55) 1.2 (0.27-5.29) 

Cleaning frequency ceiling -0.30 Yearly or less often (n=34) 1   
Between every batch of pigs (n=38) 2.07 (0.8-5.4) 

Cleaning frequency 
underside slatted floor 

-0.49 Never (n=67) 1 

  
Yearly or more often (n=7) 3.45 (0.76-15.6) 

Cleaning frequency boots 4.25 Yearly or less often (n=12) 1   
Daily or after contact with animals (n=30) 0.66 (0.17-2.62)   
Monthly (n=13) 0.64 (0.12-3.47) 
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Weekly (n=16) 1.43 (0.34-6.03) 

Cleaning frequency sorting 
boards 

0.07 Yearly or less often (n=15) 1 

  
After contact with animals (n=28) 3.32 (0.86-12.83)   
Between every batch of pigs (n=20) 0.97 (0.2-4.78)   
Weekly (n=27) 2.88 (0.44-18.68) 

Cleaning frequency outdoor 
space 

2.99 Yearly or less often (n=10) 1 

  
Between every batch of pigs (n=4) 0.82 (0.05-13.38)   
Outdoor space is not present on the farm 
(n=59) 

1.83 (0.4-8.39) 

Cleaning frequency pen 
fattening phase 

0.55 Yearly or less often (n=16) 1 

  
Between every batch of pigs (n=56) 2.18 (0.59-8.03) 

Cleaning procedure pen 
farrowing phase includes 
sweeping the floor 

1.75 FALSE (n=18) 1 

  
TRUE (n=5) 2.11 (0.11-41.93) 

Cleaning procedure pen 
farrowing phase includes 
soaking before hosing down 

1.74 FALSE (n=6) 1 

  
TRUE (n=17) 0.48 (0.03-7.74) 

Cleaning procedure pen 
farrowing phase includes use 
of cleaning agent during 
soaking 

1.31 FALSE (n=7) 1 

  
TRUE (n=16) 0.34 (0.03-3.7) 

Cleaning procedure pen 
nursery phase includes 
sweeping the floor 

1.84 FALSE (n=20) 1 

  
TRUE (n=6) 1.91 (0.08-47.5) 

Cleaning procedure pen 
nurery phase includes 
soaking before hosing down 

1.84 TRUE (n=7) 1 

  
FALSE (n=19) 0.53 (0.03-11.04) 

Cleaning procedure pen 
nursery phase includes use 
of cleaning agent during 
soaking 

1.85 TRUE (n=10) 1 

  
FALSE (n=16) 0.56 (0.04-8.93) 

Cleaning procedure pen 
fattening phase includes 
sweeping the floor 

0.41 FALSE (n=51) 1 

  
TRUE (n=22) 1.87 (0.7-4.98) 

Cleaning procedure pen 
fattening phase includes 
soaking before hosing down 

1.86 FALSE (n=17) 1 

  
TRUE (n=56) 1.25 (0.39-4) 

Cleaning procedure pen 
fattening phase includes use 

1.43 FALSE (n=38) 1 
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of cleaning agent during 
soaking   

TRUE (n=35) 1.44 (0.55-3.78) 

Cleaning procedure central 
corridor includes sweeping 
the floor 

-2.14 FALSE (n=59) 1 

  
TRUE (n=14) 0.22 (0.04-1.11) 

Cleaning procedure central 
corridor includes soaking 
before hosing down 

1.69 FALSE (n=48) 1 

  
TRUE (n=25) 0.75 (0.27-2.08) 

Cleaning procedure central 
corridor includes use of 
cleaning agent during 
soaking 

0.98 FALSE (n=62) 1 

  
TRUE (n=11) 1.88 (0.55-6.4) 

Cleaning procedure central 
corridor includes hosing 
down surfaces 

1.71 FALSE (n=7) 1 

  
TRUE (n=66) 1.63 (0.26-10.39) 

Cleaning procedure boots 
includes use of a brush 

1.09 FALSE (n=45) 1 

  
TRUE (n=28) 0.61 (0.22-1.69) 

Cleaning procedure boots 
includes soaking before 
hosing down 

0.59 FALSE (n=68) 1 

  
TRUE (n=5) 2.83 (0.53-15.23) 

Cleaning procedure boots 
includes spray-cleaning 

1.86 FALSE (n=23) 1 

  
TRUE (n=50) 0.82 (0.3-2.26) 

Water pressure and 
temperature used for spray-
cleaning boots 

1.27 Cold water with low pressure (n=49) 1 

  
Cold water with high pressure (n=4) 2.41 (0.35-16.59) 

Cleaning procedure outdoor 
space includes sweeping the 
floor 

0.90 FALSE (n=64) 1 

  
TRUE (n=9) 0.41 (0.07-2.35) 

Cleaning procedure outdoor 
space includes soaking 
before hosing down 

0.90 FALSE (n=67) 1 

  
TRUE (n=6) 0.41 (0.07-2.35) 

Cleaning procedure outdoor 
space includes hosing down 
surfaces 

1.91 FALSE (n=63) 1 

  
TRUE (n=10) 0.81 (0.2-3.35) 

Farmers interpretation of 
the word 'desinfection' 

1.78 Farmer is not convinced that disinfection 
is necessary and/or disinfection is not 
carried out (n=13) 

1 

  
Farmer describes the aim of disinfection 
measures (n=31) 

1.24 (0.36-4.26) 
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Farmer describes execution of 
disinfection measures (n=21) 

0.52 (0.12-2.18) 

Farmers opinion on optimal 
time between cleaning and 
disinfection 

3.51 No opinion (n=21) 1 

  
12 hours or less (n=18) 1.27 (0.34-4.74)   
24 hours or more (n=10) 0.64 (0.11-3.61)   
After pens are no longer wet (n=24) 1.98 (0.59-6.64) 

Time period between 
cleaning and disinfection 
during the cleaning 
procedure 

3.53 0-24 hours (n=31) 1 

  
24 hours or more (n=13) 1.42 (0.41-4.87)   
Unknown/no disinfection measures 
executed (n=29) 

0.91 (0.32-2.65) 

Disinfection frequency boots -0.04 Yearly or less often (n=) 1   
Between every batch of pigs or weekly 
(n=) 

2.28 (0.79-6.63) 

  
Daily or after each contact with animals 
(n=) 

0.59 (0.18-1.97) 

Disinfection frequency 
central corridor 

-0.04 Never (n=37) 1 

  
Yearly   (n=11) 0.91 (0.2-4.14)   
Between every batch of pigs (n=22) 2.41 (0.83-6.95) 

Disinfection frequency 
sorting boards 

0.96 Yearly or less often (n=47) 1 

  
More often than yearly (n=23) 1.67 (0.62-4.53) 

Disinfection frequency pen 
farrowing phase 

1.03 Yearly or less often (n=7) 1 

  
Between every batch of pigs (n=16) 4.39 (0.21-90.01) 

Disinfection frequency pen 
nursery phase 

0.30 Yearly or less often (n=10) 1 

  
Between every batch of pigs (n=16) 6.88 (0.36-

131.63)  
2.74 Never (n=30) 1 

Disinfection frequency pen 
fattening phase 

 
Yearly  (n=9) 2.14 (0.48-9.62) 

  
Between every batch of pigs or weekly 
(n=31) 

1.6 (0.56-4.63) 

 
-1.27 

  

    

    

    

    

Surfaces are hosed down 
after disinfection 

2.68 FALSE (n=30) 1 

  
No disinfection measures executed 
(n=27) 

0.64 (0.22-1.84) 

  
TRUE (n=16) 0.52 (0.15-1.83) 
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Water used for hosing down 
surfaces after disinfection 
originates from 

1.00 Spring water (n=12) 1 

  
Tap water (n=6) 0.62 (0.04-9.37)   
No disinfection measures executed or 
hosing down (n=56) 

2.55 (0.57-11.31) 

Compliance to the 'all-in/all-
out' principle farrowing 
phase 

1.16 Less than 100% (n=9) 1 

  
1 (n=14) 0.32 (0.03-3.57) 

Reason for incompliance to 
'all-in/all-out' principle in 
farrowing phase is 
uniformity of piglets 

1.80 FALSE (n=16) 1 

  
TRUE (n=7) 1.87 (0.13-27.4) 

Compliance to the 'all-in/all-
out' principle farrowing 
phase 

0.99 Less than 100% (n=15) 1 

  
1 (n=11) 3.99 (0.25-62.92) 

Destination of weaned 
piglets not ready to enter 
the growing phase 

1.99 Stays in farm compartment (n=8) 1 

  
Located to different farm compartment 
(n=8) 

1.46 (0-1584.58) 

Reason for incompliance to 
'all-in/all-out' principle in 
nursery phase is sale of 
piglets 

2.00 FALSE (n=22) 1 

  
TRUE (n=4) 0.93 (0.02-49.25) 

Reason for incompliance to 
'all-in/all-out' principle in 
nursery phase is shortage of 
available pens in growing 
phase 

1.87 FALSE (n=21) 1 

  
TRUE  (n=5) 1.94 (0.06-60.23) 

Reason for incompliance to 
'all-in/all-out' principle in 
nursery phase is shortage of 
uniformity of piglets 

-1.97 FALSE  (n=19) 1 

  
TRUE  (n=7) 0 (0-inf) 

Compliance to the 'all-in/all-
out' principle fattening 
phase 

0.42 25% or more (n=15) 1 

  
Less than 25% (n=58) 0.51 (0.18-1.46) 

Destination of fattening pigs 
not ready to go to slaughter 

2.58 Stays in farm compartment (n=25) 1 

  
Located to farm compartment for 
residual pigs (n=28) 

1.11 (0.38-3.24) 

  
Located to different farm compartment 
(n=14) 

2.03 (0.6-6.83) 
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Reason for incompliance to 
'all-in/all-out' principle in 
fattening phase is illness of 
the pigs 

1.45 FALSE  (n=66) 1 

  
TRUE  (n=7) 0.52 (0.08-3.16) 

Reason for incompliance to 
'all-in/all-out' principle in 
fattening phase is number of 
available pens 

-1.00 FALSE  (n=69) 1 

  
TRUE  (n=4) 0 (0-inf) 

Reason for incompliance to 
'all-in/all-out' principle in 
fattening phase is uniformity 
of pigs 

1.94 FALSE  (n=8) 1 

  
TRUE  (n=65) 1.21 (0.26-5.63) 

The time period in which 
sows and piglets are absent 
in a compartment farrowing 
phase 

1.71 1 day or less (n=12) 1 

  
More than 1 day (n=7) 0.32 (0.01-16.27) 

The time period in which 
sows and piglets are absent 
in a compartment nursery 
phase 

1.97 1 day or less (n=10) 1 

  
More than 1 day (n=14) 0.69 (0.01-32.91) 

The time period in which 
sows and piglets are absent 
in a compartment fattening 
phase 

-0.98 4 days or less (n=52) 1 

  
More than 4 days (n=14) 0.31 (0.07-1.28) 

Concrete flooring of pens 
nursery phase 

0.24 Present  (n=7) 1 

  
Not present (n=17) 0.09 (0-2.57) 

Plastic flooring of pens 
nursery phase 

1.53 Present  (n=10) 1 

  
Not present (n=14) 0.27 (0.01-9.95) 

Rubber flooring of pens 
nursery phase 

1.99 Present  (n=19) 1 

  
Not present (n=5) 0.8 (0.01-79.22) 

Flooring of pens nursery 
phase different than 
mentioned above 

2.00 Present  (n=20) 1 

  
Not present (n=4) 0.96 (0.01-

146.75) 
Percentage of slatted floor in 
pen nursery phase 

1.63 20% or less (n=10) 1 

  
More than 20% (n=12) 0.34 (0.01-9.56) 

Distance between the 
manure pit and slatted floor 
pen nursery phase 

-0.06 60 cm or less  (n=12) 1 
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More than 60 cm (n=8) 17.64 (0.71-

438.42) 
Rubber flooring of pens 
growing and phattening 
phase 

-3.42 Present  (n=59) 1 

  
Not present (n=13) 3.37 (1.26-9.07) 

Steel flooring of pens 
growing and phattening 
phase 

1.96 Present  (n=63) 1 

  
Not present (n=9) 1.17 (0.27-4.95) 

Flooring of pens fattening 
phase different than 
mentioned above 

1.81 Present  (n=61) 1 

  
Not present (n=11) 0.74 (0.18-2.96) 

Percentage of slatted floor in 
pen nursery phase 

0.87 40% or less (n=21) 1 

  
More than 40% (n=49) 1.82 (0.58-5.64) 

Distance between the 
manure pit and slatted floor 
pen fattening phase 

-1.09 60 cm or less (n=26) 1 

  
More than 60cm (n=39) 0.42 (0.16-1.12) 

Classification of the 
appearance of outside of the 
farm 

1.00 Messy (n=10) 1 

  
Between tidy and messy (n=14) 0.22 (0.03-1.54)   
Tidy   (n=48) 0.77 (0.22-2.66) 

Classification of the 
appearance of inside of the 
farm 

2.74 Clean (n=33) 1 

  
Between clean and dirty (n=25) 1.12 (0.41-3.05)   
Dirty (n=14) 0.51 (0.13-2.06)  

-2.22 
  

    

    

    

    

Farm type 1.60 Conventional (n=61) 1   
Organic (n=12) 0.65 (0.16-2.55) 

Farm system     1.42 Farrow-to-finish farm (n= 23) 1   
Weaning-to-finish farm (n= 3) 0 (0-inf)   
Fattening pigs farm (n= 47) 1.12 (0.40-3.19) 

a OR: odds ratio 
b 95%CI: 95% confidence interval 
c For the reference levels, the 95%CI is not available. 
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Appendix D 
List of variables with less than 4 observations per level, consequently 
excluded from univariate analysis 
 

Cleaning procedure central corridor includes uninstalling systems 

Cleaning procedure farrowing phase includes hosing down pens 

Cleaning procedure farrowing phase pens includes uninstalling systems (e.g. enrichment) 

Cleaning procedure fattening phase includes hosing down pens 

Cleaning procedure fattening phase pens includes uninstalling systems (e.g. enrichment) 

Cleaning procedure nursery phase includes hosing down pens 

Cleaning procedure nursery phase pens includes uninstalling systems (e.g. enrichment) 

Cleaning procedure outdoor space includes use of cleaning agent during soaking 

Cleaning procedure quarantine includes hosing down quarantine 

Cleaning procedure quarantine includes soaking before hosing down 

Cleaning procedure quarantine includes sweeping the floor 

Cleaning procedure quarantine includes use of cleaning agent during soaking process 

Concrete flooring of pens grower and finishing phase 

Disinfection frequency pen farrowing phase 

Disinfection frequency pen nursery phase 

Disinfection frequency quarantantine 

Disinfection frequency quarantantine 

Manure of piglets was observed in at least one pen housing a gestating sow in farrowing room 

Plastic flooring of pens grower and finishing phase 

Reason for incompliance to 'all-in/all-out' principle in farrowing room is condition of the sow 

Reason for incompliance to 'all-in/all-out' principle in farrowing room is limited availability of foster 
sows 
Reason for incompliance to 'all-in/all-out' principle in farrowing room is limited number of farrowing 
pens 
Reason for incompliance to 'all-in/all-out' principle in farrowing room is sickness of piglets 

Reason for incompliance to 'all-in/all-out' principle in nursery room is condition of the sow 

Water pressure and temperature used for hosing down central corridor 

Water pressure and temperature used for hosing down pen farrowing phase 

Water pressure and temperature used for hosing down pen fattening phase 

Water pressure and temperature used for hosing down pen nursery phase 

Water pressure and temperature used for hosing down quarantine 

 

 


