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In raw digestate, the level in MPN/g varied in mean 
from 0 to 6.3 for Campylobacter, from 1.1 to 6.9 for 
Salmonella, from 3 to 45.7 for L. monocytogenes, from 
8.2 to 80.1 for C. difficile and from 0.3 to 2.4 for 
C. botulinum (Fig. 1). Concentration of C. botulinum 
was therefore very low in both samples, manure and 
raw digestate, with a maximum of 13 MPN/g.
During AD, the average level of pathogens decreased 
between manure and digestate by 2 Log

10 
(Salmonella 

spp.), 0.3 Log
10 

(L. monocytogenes), 2.1 Log
10 

(Campylobacter spp.), 0.4 Log
10 
(C. difficile) and 0.1 

Log
10 
(C. botulinum).

Discussion and Conclusion
Our study showed that non-sporulating pathogens like 
Salmonella spp, Listeria monocytogenes, Campylobacter 
spp. can be detected in digestate after anaerobic 
digestion like in previous studies (Kearney et 
al., 1993; Bonetta et al., 2011; Orzi et al., 2015) 
suggesting that these pathogens can survive this 
process, even if their concentrations are reduced 
during the process. C. botulinum concentration was 
very low, whether in manures or in digestates, which 
confirms study of Froschle et al, (2015). In this 
study, C. difficile was also frequently detected 
in digestate with similar levels of C. difficile 
concentration. 
With this one-year survey, we demonstrated that 
mesophilic AD does not lead to bacterial growth 
and even reduced concentration of sporulating and 
non-sporulating pathogens. Thus, such treatment of 
livestock manure can be effective in reducing the 
presence of these pathogens, and reduce consequent 
spreading in the environment after post-treatment 
(eg. storage or post-digestion) of digestates.
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Introduction
The hepatitis E virus (HEV) of genotype 3 and 4 is 
known as a zoonotic agent. In this context, the 
pig was identified as the main animal reservoir. 
In Europe, the consumption of raw or undercooked 
pork products represent a potential risk for HEV 
infections in humans. In humans, HEV infections can 
cause acute hepatitis, which is usually self-limiting. 
Chronicity in immunocompromised patients and a high 
mortality rate of up to 28 % in pregnant women have 
been reported (Meng 2011).
In Germany, according to § 7 of the German Infection 
Protection Act (IfsG, 2019), the direct or indirect 
detection of HEV in humans must be reported to 
official health services. In 2018, a total of 3,275 
cases of hepatitis E was reported to the Robert 
Koch Institute (RKI 2019).
As pigs are a main reservoir of HEV several studies 
were performed identifying the antibody status of 
fattening pigs across EU member states. With a 
seroprevalence of up to 96 % (Wutz et al. 2013), HEV 
shows a wide distribution among fattening pigs in 
Germany. Nevertheless, national studies examining 
the occurrence of HEV RNA in liver or muscle samples 
from pigs are rare.
The objective of this study was to estimate the risk 
of HEV entering the food chain via pork products 
based on serological tests and on the analysis of 
pork liver and muscle samples from the same animal 
used for the production of pork liver and pork meat 
products.

Materials and Methods
In 2018, a total of 250 fattening pigs from 25 farms 
(10 pigs per farm) were sampled in an abattoir in 
North-West Germany. One sample of ham muscle, one 
sample of liver tissue and one sample of the muscle 
of the diaphragm pillar were collected from each pig 
during the slaughter process. Each animal was tagged 
individually and samples were taken at different 
stages of the slaughter line. Livers were collected 
and stored in boxes during the slaughter process as 
usual until sampling. All samples were chilled and 
transported to the institute’s laboratory. Muscle 
samples from the diaphragm pillar were stored at 
-30 °C and liver and ham muscle samples were stored 
at -80 °C until laboratory examination.
To determine the seroprevalence, meat juice from the 
diaphragm pillar samples was serologically tested for 
HEV antibodies using the PriocheckTM HEV Antibody 
porcine ELISA Kit (Thermo Fisher Scientific®, USA) 
according to the manufacturer’s manual. The liver 
and muscle samples were analysed for the presence of 
HEV RNA by real-time RT-PCR according to Jothikumar 
et al. (2006) after RNA extraction with the RNeasy® 
Mini QIAcube Kit (QIAGEN®, Germany).
For each pig the antibody status will be gathered 
and herd status will be analysed, too. Afterwards, 
the presence of HEV antibodies for each animal will 
be compared with the presence of viral RNA in the 
liver and the muscle. 

Results
In total, 62 % (155/250) of the meat juice samples 
were positive for antibodies against HEV at a single 
animal basis. At herd level, 72 % (18/25) of the herds 
were positive. Herds were considered to be positive, 
if at least one of the ten samples was positive. 
For the herd seroprevalence four groups, according 
to the serological detection rate, were defined. The 
herds investigated were allocated to one of these 
groups using their antibody prevalence (Table 1).

Table 1: Allocation of herds according to the antibody status

serological detection rate Proportion of herds (n/N)

0 % (HEV seronegative) 28 % (7/25)

10 %-30 % (low prevalence) 8 % (2/25)

60 %-90 % (high to very high prevalence) 16 % (4/25)

100 % (all samples are HEV seropositive) 48 % (12/25)
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Analysed so far, HEV RNA was detected in 14 % (18/126) 
of the liver samples (Table 2), which came from HEV 
seropositive pigs. Whereas in liver samples from HEV 
seronegative pigs, HEV RNA could not be detected, 
until now.
So far, all investigated muscle samples were negative 
(0/133) for HEV RNA (Table 2). 

Conclusion 
The serological results show that HEV antibody 
prevalence is relatively high in fattening pigs 
included in this study (62 %). The sporadic presence 
of HEV in liver samples indicates that pig liver or 
pig liver products may represent a potential risk 
for HEV infection if consumed raw or undercooked or 
if the rules of kitchen hygiene are not observed.
In addition, HEV positive livers do not seem to be 
associated with HEV positive ham muscles.
Based on the results obtained so far, it appears 
possible to use serological tests to predict the 
presence of HEV RNA in the liver of fattening pigs.

References 

IfsG (2001): Infection Protection Act in the version 
of January 1, 2019
Jothikumar, N., T. L. Cromeans, B. H. Robertson, X. 
J. Meng and V. R. Hill (2006): A broadly reactive one-
step real-time RT-PCR assay for rapid and sensitive 
detection of hepatitis E virus. J Virol Methods, 
Vol. 131, 65-71
Meng, X. J. (2011): From barnyard to food table: 
the omnipresence of hepatitis E virus and risk for 
zoonotic infection and food safety. Virus Res, Vol. 
161, 23-30
Robert Koch-Institut, Epidemiological Bulletin 
(1/2019) January 3, 2019
Wutz, K., Meyer V. K., Wacheck S., Krol P., Gareis 
M., Nolting C., Struck F., Soutschek E., Bocher O., 
Niessner R. and Seidel M. (2013): New route for fast 
detection of antibodies against zoonotic pathogens 
in sera of slaughtered pigs by means of flow-through 
chemiluminescence immunochips. Anal Chem, Vol. 85, 
5279-5285 

Table 2: Detection of HEV in liver and ham muscle from slaughter pigs

Number of analysed samples
Number of HEV positive tested 
samples

Viral Prevalence

liver: 126 18 14 %

muscle: 133 0 0 %
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Introduction
Human infection with Hepatitis E virus (HEV) is 
an increasing public health concern in Europe. The 
virus is endemic in parts of Asia and Africa, where 
genotypes 1 and 2 dominate and are transmitted 
between people via sewage-contaminated drinking 
water. HEV in Europe was previously associated 
with travel to endemic regions, but incidence of 
indigenously acquired infection has increased over 
the last decade due to the emergence of HEV genotype 
3 (G3), which also infects pigs and is associated 
with zoonotic transmission (Adlhoch et al., 2016).
Foodborne transmission of HEV G3 is believed to be 
an important route for human infection in Europe. 
HEV RNA has been detected in pork products (e.g. 
Berto et al., 2012) and consuming pork products 
has been identified as a risk factor for infection 
(Said et al., 2014). Efforts to reduce the risk 
of HEV contamination in the pork food chain have 
so far largely focused on developing methods for 
viral inactivation during processing. Measures to 
prevent HEV entering the food chain in the first 
place are also needed, but have received relatively 
little attention. Developing such measures requires 
an understanding of HEV transmission within the 
farm environment, which is currently lacking. 
Furthermore, on-farm practices that might mitigate 
the risk of actively infected pigs going to slaughter 
must be identified and investigated. Here we present 
the results of an on-farm pilot study that begins 
to address these knowledge gaps.

Methods
The HEV infection status of a cohort of pigs was 
followed from farrowing to pre-slaughter on an indoor 
English farrow-to-finish farm. The cohort comprised 
153 piglets born to 11 sows. Five sampling visits 
took place from May-October 2018 to coincide with 
key management events for the cohort as follows: 
pre-farrowing, pre-weaning, prior to movement into 
grower accommodation, prior to movement into finisher 
accommodation, and one week prior to slaughter.

Throughout production, pigs were housed as several 
groups in multiple pens. Observational data collected 
from a UK abattoir study suggested that late mixing 
of finisher pigs could be a risk factor for active 
infection at slaughter. We therefore used coloured 
ear tags to identify pigs from different litters 
and track group mixing throughout production. At 
each visit, fresh faecal droppings were collected 
from each group and tested for HEV RNA using a 
qPCR. Viral shedding in faeces was used as a proxy 
for infection status. HEV presence was determined 
per group and HEV prevalence was estimated across 
the entire study cohort on each sampling occasion.
In addition, HEV prevalence in all growers and 
finishers present on the farm was estimated at 
each visit to investigate general trends within 
the herd. Environmental samples (including wildlife 
faeces, standing water, and swabs of farm equipment) 
were also tested for HEV RNA to identify potential 
sources of contamination in the farm environment.

Results
Prevalence across all growers was consistently high 
at all visits (75-87 %; Figure 1a) and always higher 
than in finishers (10-38 %; Figure 1b). HEV RNA was 
detected in 43/67 environmental samples and was 
found in all production areas (farrowing, weaner, 
grower, and finisher accommodation), including a 
cleaned, unoccupied pen.
HEV prevalence in the study cohort fluctuated over 
time (Figure 1c). HEV was not detected in any sow 
sampled pre- or post-farrowing, nor in any litter 
sampled just prior to weaning. After weaning, the 
cohort was sorted into seven groups of ~30 pigs 
and placed into weaner accommodation. Seven weeks 
later, HEV prevalence in the cohort was 26 % but HEV 
was only present in 2/7 groups.
The cohort was subsequently sorted into two larger 
groups of approximately 60 and 100 pigs and housed 
in grower accommodation. After six weeks, HEV 
was present in both groups and prevalence across 
the cohort was 100 % (Figure 1c). The larger group 
subsequently retained a stable composition for the 
remainder of the fattening period, and prevalence 
fell to 23 % when sampled one week prior to slaughter.
Pigs in the smaller group were sent to slaughter 
before they could be sampled as finishers, therefore 
a comparison of HEV presence between study cohort 
finisher groups was not possible. However, prevalence 
in the remaining cohort group was generally lower 
than prevalence in the non-cohort finisher buildings, 
where pigs had experienced a greater degree of late-
stage mixing.


