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ZOONOTIC PATHOGENS IN THE PORK CHAIN
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Introduction
Hepatitis E virus (HEV) is recognised as a zoonotic 
pathogen transmitted via foodstuff. The aim of the 
present study was an assessment of the occurrence 
of HEV in porcine blood, liver and raw minced meat 
used for production of pork meat products. 

Material and Methods
An incoming raw material (IRM) encompassing porcine 
blood (56 samples), liver (47 samples) and minced 
meat (56 samples) were analyzed for the presence 
of HEV and porcine adenovirus (pAdV) as an index 
virus of faecal contamination. IRM was collected 
from the local slaughterhouse and meat retailers. 
Virus extraction from pig liver and minced meat 
was performed using TRIzol (TRI Reagent®) followed 
by isolation of viral RNA using a NucliSens kit 
(BioMérieux) (Szabo et al., 2015). A QIAamp® Viral 
RNA Mini Kit (Qiagen) was used for processing of 
blood samples. A detection of HEV and pAdV was 
conducted using the virus specific duplex real-time 
(RT) PCR protocols with subsequent quantification 
of HEV genome copy numbers (Maunula et al., 2013). 
Molecular typing of detected HEV strain was carried 
out based on the virus ORF2 PCR amplicons (Huang et 
al., 2002). The correct operation of the detection 
methods was monitored using a sample process control 
virus added to each sample before the analysis 
(Rzeżutka et al., 2008). 

Results
In total, 159 samples were tested for the presence 
of enteric viruses. HEV was solely detected in one 
sample of porcine blood which contained 1.4 x 104 
HEV genome copy/ml. None of the tested samples of 
pork liver (0/47) and minced meat (0/56) was positive 
for HEV RNA. A sequence analysis of the virus ORF 2 
genome fragment identified HEV 3e subtype. PAdV was 
present in six samples of pig’s blood (6/56). 

Discussion and Conclusion
Sporadic detection of HEV in porcine blood suggests 
that blood could be a virus source for pork meat 
products when used for their production. Likewise 
these results may also indicate at low prevalence 
of HEV infections in pigs raised in Poland. 
Additionally, the sporadic finding of pAdV in IRM 
confirms maintaining of good sanitary conditions 
during animal slaughter and subsequent processing 
of meat and blood. 
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Introduction
Salmonella spp. prevalence in pigs is very low in 
Finland, Sweden and Norway compared to other European 
countries (EFSA and ECDC, 2018). The Finnish Salmonella 
Control Program for pigs includes bacteriological 
monitoring at slaughterhouses, and the prevalence 
of Salmonella culture-positive lymph node samples 
at slaughter has been < 0.1 % and no Salmonella spp. 
have been found in carcass swabs or pork during 
the 2010s (Anon., 2017; https://www.ruokavirasto.
fi/globalassets/teemat/zoonoosikeskus/zoonoosit/
bakteerien-aiheuttamat-taudit/salmovalvontaohj_
siat2016paivheinakuu2017.pdf, visited January 13, 
2019). EFSA (2011) stated that incoming pig batches 
should be risk-ranked based on the herds’ status of 
Salmonella spp. and suggested that this ranking could 
be based on historical serological testing of meat 
juice. This is in use in some European countries. We 
piloted serological Salmonella monitoring in Finnish 
context.

Material and Methods
Meat samples of ca. 10 g of muscle from the diaphragm 
were collected at slaughter from 1353 fattening pigs 
originating from 259 farms (mean 5 samples/farm). 
Blood samples at the end of the fattening period were 
collected from 1116 fattening pigs at 57 farms (mean 
20 samples/farm). The Salmonella antibodies were 
analyzed using commercial ELISA tests: the SALMOTYPE 
Pig Screen test for meat juice (Labor Diagnostik 
GmbH, Leipzig, Germany) and the Pigtype® Salmonella 
Ab (Qiagen, Leipzig, Germany) for serum samples. A 
cut-off value OD20 % was used. Farms were allocated 
into risk categories according to the within-farm 
seroprevalence using the Danish and German schemes 
(Alban et al., 2012; QS Qualität und Sicherheit GmbH, 
2018) and our modified scheme (Table 3). 

Results
Salmonella antibodies were detected in 3.1 % of the 
meat juice samples and in 17.6 % of the blood samples, 
using a cut-off value of OD20 %. The OD values were 
low. Only 0.1 % of meat juice samples and 1.9 % of 
blood samples had OD values >40 %. 
All farms were in German category 1 (Table 1). Most 
(98 %) farms were in Danish category 1 and only 2 % 
of farms were in Danish category 2 (Table 2). 
In our modified categorization, majority of the 
farms were allocated to the risk category 1 (within-
farm seroprevalence < 20 %), and only few (< 2 %) farms 
had within-farm seroprevalences >40 % (Table 3).

Table 1: Serological results from Finnish fattening pig farms allocated according to the German Salmonella control programme 

using a cut-off value OD40

Risk category
Meat juice samples  
(259 farms)

Serum samples  
(57 farms)

Corrective actions in German 
QS

Category 1, Low, within-farm  
seroprevalence ≤20 %

100 % of farms 100 % of farms None

Category 2, Medium, within-farm 
seroprevalence >20-40 %

0 % of farms 0 % of farms
Check and document the hygiene 
status

Category 3, High, within-farm  
seroprevalence >40 %

0 % of farms 0 % of farms
Bacteriological sampling, 
epidemiological investigation, 
corrective actions at farm

Table 2: Serological results from Finnish fattening pig farms allocated according to the Danish Salmonella control programme 

using cut-off value OD20 %

Risk category
Meat juice samples  
(259 farms)

Serum samples  
(57 farms)

Corrective actions in 
Danish programme

Category 1, Low, within-farm 
seroprevalence <40 %

98.1 % of farms 98.2 % of farms None

Category 2, Medium, within-farm 
seroprevalence 40-65 %

1.9 % of farms 1.8 % of farms Penalty fee

Category 3, High, within-farm 
seroprevalence >65 %b

0 % of farms 0 % of farms
Penalty fee, slaughtered 
separately
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Discussion and Conclusion
Within-farm Salmonella seroprevalences were generally 
low in Finnish fattening pig farms. This reflects 
the favorable Salmonella situation of pig farms 
in Finland and is consistent with results from 
the Finnish National Salmonella Control Program. 
However, differences between farms were found, 
so serological monitoring could be used to direct 
preventive measures at the farms at risk, and to 
target microbiological sampling. 
When allocating farms to risk categories, the targets 
of the programme and corrective actions must be 
considered. The German and Danish serological sampling 
programmes are part of their reduction strategies, 
while Finland is applying an eradication policy. 
Consequently, the German and Danish categorizations 
are not directly applicable in the Finnish context. 
We piloted a modified allocation of farms (Table 
3). In category 2, the farmer could be recommended 
to self-check the biosecurity measures using a 
specific checklist. If meat juice samples were used, 
approximately 10 % of the farms would fall within 
this category in the current Finnish situation. 
Category 3 would indicate an elevated food safety 
risk, which could result in bacteriological sampling 
and a biosecurity check at the farm in question. 
Approximately 2 % of farms would fall into this 
Category 3 in the current Finnish situation. The 
eradication decision cannot be based only on highly 
sensitive serological monitoring, because the cost 
of Salmonella eradication is very high on pig farms 
(Finnish Food Safety Authority Evira, 2018). In 
the Finnish context, subsequent procedures for 
eradicating the pathogen from a farm would follow 
whenever Salmonella spp. is isolated from animals 
at the farm. This modified categorization system is 
only an example, and it would need to be adjusted 
and optimized after additional data collection.
Serological Salmonella monitoring would provide us 
with large-scale farm-level data which would enable 
us to follow farm-level trends and detect changes 
readily and sensitively. However, in Finland this 
would have only a limited positive impact on food 

safety, because the current situation is already 
excellent. Therefore, a cost-benefit analysis should 
be conducted before applying the method in practice. 
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Table 3: Serological results from Finnish fattening pig farms allocated according to modified categories using a cut-off 

value of OD20 %

Risk category Meat juice samples (259 farms) Serum samples (57 farms)

Category 1, Negligible, within-farm 
seroprevalence <20 %

88.4 % of farms 75.4 % of farms

Category 2, Low, within-farm sero-
prevalence 20-40 %

9.7 % of farms 22.8 % of farms

Category 3, Medium/High, with-
in-farm seroprevalence >40 %

1.9 % of farms 1.8 % of farms
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Introduction
Salmonella is responsible for a large number of 
food associated infections. To guarantee food 
safety, a better understanding of Salmonella 
ecology and adaptation strategies on the food 
production chain constitutes a prerequisite. 
In a One Health perspective, data on Salmonella 
antibiotic resistance in food environments are also 
crucial to decipher transmission routes of resistant 
foodborne pathogens as well as resistance genetic 
determinants involved, and the role of process and 
selection pressures underwent in food industries (as 
cleaning and disinfection) in bacterial adaptation 
and antimicrobial resistance emergence.

Methods
Occurrence of Salmonella was investigated at six 
different areas along a pig slaughter chain and 
through 4 sampling campaigns, each time before and 
after cleaning and disinfection (C&D) procedures. 
A total of 48 surface samples were collected. 
Salmonella strains were characterized using 
serotyping and pulsotyping to trace persistent 
strains in the slaughterhouse. Minimal inhibiting 
concentrations (MIC) were also determined for various 
relevant antibiotics and for biocides used in the 
slaughterhouse. In addition, associated indigenous 
bacterial communities were characterized using 16S 
rRNA amplicon sequencing. 

Results
Salmonella was present at nearly all sampling areas 
but was not isolated from the neck clipper. Thirty 
eight strains were isolated and five serotypes 
were identified: S.4,5,12:i:- (50 %), Rissen (16 %), 

Typhimurium (16 %), Infantis (10 %) and Derby (8 %). 
We observed a high prevalence of the monophasic 
variant of the serotype Typhimurium in the 
slaughterhouse. Sixteen PFGE types were identified 
among the 38 strains (Table 1). Some strains were 
found at different dates and potentially at the same 
sampling area suggesting that they persisted in the 
slaughterhouse despite of C&D procédures (data not 
shown). 
Approximately 70 % of isolated Salmonella 
strains exhibited resistance to ampicillin and 
sulfamethoxazole, 80 % to tetracycline and 10 % 
to chloramphenicol. There was statistically no 
significant evolution of CMI comparing strains 
before and after C&D procedures concerning both 
biocides and antibiotics (Figure 1). 
Bacterial diversity analyses showed that populations 
in the slaughterhouse were highly dominated by 
γ-proteobacteria and especially by the Moraxellaceae 
family (genus Psychrobacter, Moraxella, Enhydrobacter 
and Acinetobacter) at the different sampling areas 
(data not shown). 
Population compositions were overall stable in time 
at a given sampling area suggesting that the surface 
populations were resident populations within the 
slaughterhouse, rather than populations introduced 
each week by the new swine bands. C&D procedures 
tended to reduce bacterial diversity by eliminating 
the minority species but did not greatly impact the 
composition of dominant species.

Conclusions
Cleaning and disinfection procedures applied in this 
slaughterhouse did not appear to affect the biocides 
and antibiotics resistance of isolated Salmonella 
strains. Microbial flora diversity analyses showed 
that populations were resident with persistent 
Salmonella strains isolated at the same sites over 
time.
Together, such data participate to the construction 
of a comprehensive view of Salmonella ecology in 
food environments integrating associated resident 
microbial flora and the distribution of antimicrobial 
resistance in relation to processing conditions. 

Table 1: Serotype and PFGE-types diversity among the 38 isolated Salmonella strains

Serotype
(%)

4,5,12:i:-
(58 %)

Typhimurium
(13 %)

Rissen
(10,5 %)

Infantis
(10,5 %)

Derby
(8 %)

PFGE-type
B01, B02, B03, B04, 
B05, B06, B09, B15, 

B16
B09 B10, B11 B12 B08, B13, B14


