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SUMMARY 
 

 Faeces and serum samples collected from a subset of wild boar culled in the Forest of Dean in 2015-16 
were tested for evidence of infection with, or exposure to, a selection of non-statutory endemic pathogens 
of GB pigs. 

 The findings were broadly similar to those of a similar study performed in 2013-14 except that evidence of 
Hepatitis E virus infection was found; this pathogen was not included in previous testing.  

 Serological evidence of exposure to Leptospira Bratislava was detected with a low estimated 
seroprevalence of 3.6%.  

 Evidence of Hepatitis E virus infection or exposure was detected in nearly 6% of culled wild boar. One wild 
boar was excreting Hepatitis E virus (HEV) and the virus was identified as genotype HEV-3 and was not 
typical of HEV strains reported in domestic pigs or human cases.  

 Analysis for spatial clustering showed that wild boar culled in one area had a significantly higher risk of 
being HEV positive than the risk outside of that area, suggesting a possible social group effect with HEV 
infection. No spatial clustering was identified in L. Bratislava positive wild boar. 

 No Salmonella or Brachyspira species, or porcine epidemic diarrhoea virus were detected in faeces. No 
antibody to porcine reproductive and respiratory syndrome virus or Mycoplasma hyopneumoniae was 
detected in sera. With the given population and sample sizes this provides at least 95% confidence that 
the prevalence of those pathogens in this wild boar population is less than 4%. 

 Although antibody to swine influenza or porcine epidemic diarrhoea was detected in a few wild boar in one 
assay for each pathogen, these results were not confirmed by other antibody assays. 

 The results from this study are relevant for a long-established wild boar population in a forested region of 
England which has a relatively low commercial pig density and should not be extrapolated to wild boar 
populations which exist, or could establish, in other regions. 

 Suggestions are given regarding future wild boar surveillance. 
 
1. Background 
The Forestry Commission England (FCE) undertook a wild boar cull from late 2015 to early 2016 in the Forest 
of Dean. The aim was to cull 400-500 animals from a population estimated by the FCE to be at least 1000 
animals, based on a recent estimate (Gill and Ferryman, 2015).   In the current study, AHDB Pork agreed to 
fund testing and epidemiological analysis of samples from 100-120 culled wild boar sampled by the Forestry 
Commission England in the Forest of Dean for an agreed selection of non-statutory contagious pig pathogens. 
The results can be compared with those from a similar study reported in 2014 (Williamson and others, 2014) 
and will indicate if the rise in the Forest of Dean’s wild boar population in the intervening years coincides with 
any evidence of greater exposure of wild boar to endemic pig pathogens.  AHDB Pork (as BPEX) funded the 
previous study to assess the prevalence of selected non-statutory pig pathogens in a subset of wild boar culled 
in 2013-14 (Williamson and others, 2014). This was in response to concerns of pig producers and practitioners 
in the Forest of Dean area and from the National Pig Association.  In the previous study, there was no 
evidence of infection of culled wild boar with most non-statutory pig pathogens tested; there was a combined 
seroprevalence of 18% to leptospire (two serovars) and a single PRRSV-antibody positive, PRRS-virus 
negative, wild boar was detected (Williamson and others, 2014). 
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2. Rationale for testing culled wild boar for non-statutory pig pathogens 
Testing for the selected high priority non-statutory pathogens identified in table 1 below was considered to be 
worthwhile surveillance in culled wild boar for the following reasons, most of which have become more relevant 
with the increase in the wild boar population in the region of the cull in recent years: 
 
a) They are contagious endemic pig pathogens which can transmit between pigs and wild boar, within the wild 
boar population itself and, in the case of Leptospira, Hepatitis E virus and Salmonella, between wild boar and 
other species, including human as these pathogens are also zoonotic. 
 
b) Porcine reproductive and respiratory syndrome virus (PRRSv), Brachyspira hyodysenteriae  and 
Mycoplasma hyopneumoniae cause three of the top four diseases identified for control by the Pig Health and 
Welfare Council 20:20 VISION launched in 2011 (BPEX, 2011).  In regions where pig herd prevalence of these 
infections (especially PRRS) is low, identifying sources of infection other than domestic pigs has become more 
important, especially where regional eradication is being considered.  
 
c) Surveillance in wild boar elsewhere in Europe have included some of these pathogens (PRRSv, Salmonella, 
Leptospira, swine influenza) and there has been evidence of exposure to, or infection with, some.  
 
d) The results may help in assessing wild boar and risk pathways in pathogen transmission between pigs and 
wild boar in the region. These risk pathways are explored in a publication on feral wild boar in England in 
relation to notifiable disease (Defra, 2008). This has become particularly relevant in the light of the role that 
wild boar are playing in the spread of ASF in Eastern Europe and Russia (EFSA, 2017).  
 
e) The risk posed by wild boar to domestic pigs is not only to commercial herds as wild boar may be more 
likely to have direct contact with pigs on small holdings where external biosecurity tends to be poorer. If there 
is evidence of transmission of pathogens between these small herds and wild boar, the significant numbers of 
movements of small numbers of pigs between smallholder herds would facilitate wider dissemination, including 
into the commercial sector.  
 
f) Hepatitis E virus was included this time as the status of GB wild boar for hepatitis E virus is not known and is 
of interest as, although the virus is not pathogenic in pigs or wild boar, it is zoonotic. The culled wild boar which 
pass meat inspection are sold for consumption, following Trichinella testing. The virus is highly prevalent in 
domestic pigs in GB (Grierson and others, 2015). 
 
g) As most of the pathogens tested were ones causing disease in pigs, their presence in wild boar could cause 
morbidity and mortality and is likely to be of interest to those involved in wildlife disease and conservation. 
 
h) There is value in holding these wild boar samples as an archive for future use.  
 
3. Wild boar sampling 
Training was provided to FCE staff collecting the samples to ensure that serum quality from blood samples 
was good with minimal haemolysis and contamination and maximise the number in a suitable condition for 
testing. Approximately 450 apparently healthy wild boar were culled by FCE between September 2015 and 
March 2016. Clotted blood and faecal samples were collected by FCE staff from 114 wild boar culled between 
20/12/2015 and 4/02/115/03/2016 as soon as possible after carcases were returned to game larders for 
evisceration. Samples were labelled with the culled wild boar identity and each set of paired samples was 
immediately sent in a pre-paid first class post pack to APHA Bury St Edmunds where 112 faeces and 110 
clotted blood samples were received. Salmonella cultures were set up on fresh faeces, sera were separated 
from the clotted bloods and serum samples were aliquoted and stored at minus 70 degrees Centigrade until 
they were tested further. From six wild boar, only faeces were received while from four others only clotted 
bloods were received. Samples from 111 of the sampled boar reached Bury St Edmunds within four days of 
culling. Samples from three wild boar took 5-9 days to reach the laboratory. Samples for this study were only 
collected from wild boar which did not have suspect TB lesions at meat inspection. The culled wild boar were 
also tested for Trichinella according to FSA requirements under a separate contract with APHA (OG0123). 
4. Epidemiological details 
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Each culled wild boar had a unique FCE identification number against which background information was 
recorded. The information included the date and map reference of the cull, estimated age (less than one year, 
yearling, adult), dressed weight (after removal of head, viscera and lower legs, there is an estimated 25% to 
30% reduction from live to dressed weight) and sex. On receipt at APHA Bury St Edmunds, samples from each 
individual boar received were given a unique APHA submission number and the FCE identification numbers 
were recorded for each sample.  
 
Data were received for 114 culled boar, one had an incorrect identifier and so was omitted from the 
epidemiological analysis as it was not possible to link to denominator information. Figure 1 shows the 
estimated age distribution. More males were culled than females (65 male and 49 female), with a higher 
proportion of males being less than a year old than in the females.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Results of testing for infection with or exposure to non-statutory pig pathogens 
 
Table 1 summarises the results of testing. Appendix 1 gives details of the tests used, numbers of samples 
tested for each pathogen, whether pooling of samples was undertaken and other testing details.  
 
Table 1: Results of testing for infection with or exposure to non-statutory pig pathogens 

Pathogen Results Interpretation  
 

Salmonella 
serotypes 

No Salmonella isolated No evidence of Salmonella 
excretion  

Porcine respiratory 
and reproductive 
syndrome virus 
(PRRSv) 

108 sera were antibody negative. One serum 
was inconclusive in the antibody ELISA and 
tested negative in the PRRSV PCR and  IPMA 
for both antibody to both genotypes 1 and 2  

No evidence of exposure to 
PRRSV 

Brachyspira species  No DNA to Brachyspira species detected No evidence of Brachyspira 
species excretion 

Mycoplasma 
hyopneumoniae 
(enzootic 
pneumonia) 

No antibody detected No evidence of exposure to 
Mycoplasma hyopneumoniae 

Swine influenza 
virus 

All sera negative in IDVET ELISA. Eight sera 
antibody positive in IDEXX ELISA were tested 
by HAIT to four swine influenza strains and were 
negative. 

Seropositivity to GB-endemic 
swine influenza not confirmed. 
Equivocal ELISA results in 
one test to be investigated 
further using other influenza 
strains. 

Figure 1: Estimated age 
distribution of culled wild boar 
sampled 

Less than a 
year, 82, 

72%

Adult, 17, 
15%

Yearling, 
15, 13%
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Pathogen Results Interpretation  
 

Porcine epidemic 
diarrhoea virus 
(PEDv) 

Results of antibody detection using three 
different ELISA did not agree; all sera tested 
negative in one (IDVet), five sera were positive 
in the second (BioVet) and two were positive in 
the in-house ELISA but these two sera were 
different from the five BioVet positive sera.  
No PEDV was detected by PCR in faeces 

Inconclusive serological 
testing for PEDV with 
conflicting results from three 
ELISAs – all tested negative in 
one ELISA. 
 
 
No evidence of PEDV 
excretion 

Leptospira serovars Four sera tested antibody positive; all to 
Leptospira pool 3 only. Individual serovar MATs 
were performed to determine which Leptospira 
serovar was most likely to have infected the 
seropositive wild boar.  Two of the four pool 3-
postive sera gave highest titres to L. Bratislava 
at 1/1600 and one at 1/200.  One did not give 
titres to any individual pool 3 serovar and one 
gave a titre of 1/100 to both L. Bratislava and L. 
Australis 

Evidence of exposure to 
Leptospira serovars in pool 3, 
antibody detected Leptospira 
serovar Bratislava 

Hepatitis E virus Four sera tested antibody positive. 
One faeces from an antibody-negative wild boar 
tested PCR-positive, serum from this boar was 
also PCR-positive 

Evidence of exposure to HEV. 
In one animal, evidence of 
infection with, and excretion 
of, HEV 

 
In summary; no wild boar tested positive for antibody to PRRSV or M. hyopneumoniae. No wild boar were 
found to be excreting Salmonella or Brachyspira species, or PEDV in faeces. Results for swine influenza did 
not confirm exposure to swine influenza strains in the HAIT panel, further testing is planned to investigate 
seropositivity in a few sera in one of the influenza A ELISA assays used. PEDV serology using three different 
ELISAs gave conflicting results and the results are considered inconclusive. As a result, the PED PCR was 
undertaken to check that there was no PEDV excretion with negative results. 
 
Positive results were obtained for antibody to Leptospira Bratislava and Hepatitis E virus and one wild boar 
tested positive for the presence of HEV in both faeces and serum by PCR, this virus-positive boar was 
negative for HEV antibody.  
 
6. Molecular analysis of HEV detected 
The HEV detected in one wild boar was partially sequenced. The sequence obtained was a partial fragment of 
ORF2 and phylogenetic analysis demonstrated that it is genotype HEV-3 but interestingly it appears to be an 
outlier to that circulating in pigs and detected in human cases. When blasted against publically available 
sequence data in GenBank there was only about 83% identity match. Full genome sequencing is being 
attempted outside this study. 
 
7. Epidemiological Analysis 
The number of samples (107-112) tested for Salmonella, PRRSV, M. hyopneumoniae and PEDV (PCR) was 
sufficient to detect a positive animal if the pathogen was present with at least a 3% prevalence with 95% 
confidence.  The number of samples tested for swine influenza, PEDV antibody and Brachyspira species (81-
90) was sufficient to detect a positive animal if present at a 4% prevalence or greater with 95% confidence. 
 
Four sera out of 82 were positive for antibody to HEV and one faeces out of 107 was positive by PCR (as was 
the serum from that boar). The estimated HEV seroprevalence was 4.9% (CI 0.2-9.6%), and the prevalence of 
faecal virus excretion (PCR positive) was 0.9% (CI 0.0-2.8%). Combining antibody and virus results gives an 
estimated prevalence of 6.3% (CI 0.9-11.6%).  Four samples out of 110 were positive for Leptospira Bratislava, 
providing a seroprevalence estimate of 3.6% (CI 0.1-7.2%). 
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A logistic regression was used to assess whether significant associations (P-value<0.05) were present 
between either HEV or Leptospira status and the explanatory data (sex, age, weight (categorised and as 
continuous variable) and month of death). No significant associations were detected for increased or reduced 
risk of a wild boar sample being positive to Hepatitis E. However, samples collected in February were 
significantly less likely to be Leptospira positive than those collected in December, with samples from March 
also less likely but just above the significance cut off (P=0.055). The results of the risk factor analysis were 
affected by the small number of positive samples, meaning that many categories had no positives and only a 
small population, meaning that no estimate of risk could be generated. With this in mind, it should be noted that 
no Leptospira positive samples were found in males, in adult or yearlings or in wild boars weighing less than 30 
kgs and more than 60 kgs. The age results differ from the findings in the 2014 report which found an increased 
risk of a sample being Leptospira antibody positive for adults and yearlings compared to those less than a 
year, although there were more seropositive wild boar on that occasion.  
 
Analysis for significant spatial clustering of Hepatitis E antibody or virus positive wild boar was undertaken 
using SaTScan software. A case-control method was used to look for circular spatial areas that had 
significantly higher risk of being HEV positive than the risk outside of the circle.  This analysis detected that the 
area where there were four HEV cases and a negative wild boar was a significant cluster (p-value 0.001).  In 
contrast, the same analysis on the Leptospira results indicated that the most likely high risk cluster was not 
statistically significant (P=0.410).  
 
 
8. DISCUSSION 
This is the second time surveillance has been undertaken on a wild boar population in GB for exposure to, or 
infection with, non-statutory pathogens. The Forest of Dean population established from animals derived from 
two releases of captive wild boar in the 1990s and again in 2004. The population of wild boar in the Forest was 
estimated in 2015 to be at least 1000 animals and testing between 80 and 110 wild boar from the 2015-16 cull 
provides robust results from which to infer the status of the Forest of Dean population with respect to most of 
the pathogens tested. Infection and/or exposure of wild boar with two of the non-statutory pathogens tested for, 
Leptospira Bratislava and Hepatitis E virus, was confirmed, both of which are potential zoonoses. 
 
Testing at least 80 samples from an estimated population of 1000 wild boar should detect at least one positive 
wild boar if prevalence is 4% with a confidence level of at least 95%. One can infer from the testing done that, 
at the time of the cull, there had been no or very low exposure to PRRSV, GB-endemic strains of swine 
influenza and Mycoplasma hyopneumoniae in the population and there was no or very low faecal excretion of 
Salmonella and Brachyspira species, and PEDV, and that the wild boar population was not sustaining endemic 
infection with these pathogens. There was thus no evidence of significant transmission from the pig population 
to wild boar at the time of sampling. Nor was there evidence that the wild boar were a reservoir of infection for 
pigs for the above pathogens. 
 
The prevalence of HEV (antibody and virus) of 6% is low compared to that detected in UK pigs at the time of 
slaughter (Grierson and others, 2015). Testing for HEV was not performed in the previous study. Hepatitis E 
virus (HEV) is a zoonotic pathogen with a worldwide distribution, and infects several mammalian species, 
including pigs and wild boars. Prevalence estimates of virus infection in wild boar, reported recently in Italy, are 
variable but tend to be higher than found in this study (Montagnaro and others, 2015; Aprea and others, 2017). 
However, in both studies, HEV PCR was undertaken on liver samples rather than faeces. A higher 
seroprevalence of 42% was detected in wild boar in Japan (Hara and others, 2014). The four wild boar with 
antibody and no virus detected are not likely to pose a risk of zoonotic infection. However, one wild boar (0.9%) 
was viraemic and excreting virus in faeces, this animal had no HEV antibody indicating that it was in the acute 
stages of infection. Interestingly, this virus-positive wild boar was classed as less than one-year-old. Analysis 
for spatial clustering showed that wild boar culled in one area had a significantly higher risk of being HEV 
positive than the risk outside of that area, suggesting a possible social group effect with HEV infection possibly 
transmitting between a number of wild boar in a group, or obtained from a common source. Wild boar and pig 
products (especially those containing liver) are considered a potential source of HEV infection for humans 
mainly when eaten poorly cooked or uncooked (Colson and others, 2010). Those consuming wild boar 
products should take the same precautions as when consuming pork or other meat and meat products, and 
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ensure that they are thoroughly cooked before consumption. Partial sequencing detected genotype HEV3 
which is the genotype detected in European pigs and in indigenous UK human infections, however the virus 
appears to be an outlier and is not similar to HEV3 recorded in pigs and humans which fall into two groups 
within HEV3 (Grierson and others, 2015). Full genome sequencing of this HEV is being attempted. 
 
The estimated L. Bratislava seroprevalence of 3.6% (CI 0.1-7.2%) is lower than that detected in the 2014 
report (14.3%) and does not point to likely endemic infection in the wild boar population according to Ellis 
(1992) who suggested that a seroprevalence of 10% or more based on use of the MAT in pigs was consistent 
with endemic infection. On the basis of a relatively high seroprevalence of L. Bratislava and reports of its 
identification in association with reproductive disease, domestic pigs are considered to be a maintenance host 
and domestic animal reservoir of this serovar in GB (Williamson and others, 2004) and there are also reports of 
infection in horses (Smith and Dalley, 2006) and dogs. However, strains of L. Bratsilava have also been 
isolated from a range of wildlife species, including hedgehogs, rats, wood mice, voles and badgers; infections 
in some of these hosts may be incidental and, in predatory species, may relate to contact with wildlife 
reservoirs such as rodents and hedgehogs. Any of these species could potentially be a source of L. Bratislava 
serovar infection in wild boar and the scavenging behaviour of wild boar increases their exposure to known 
wildlife reservoirs. No spatial clustering was found in the L. Bratislava seropositive wild boar which supports 
incidental infections in wild boar from other hosts. L. Bratislava is potentially zoonotic although it is not a 
serovar recorded in association with human infections in recent UK Zoonoses reports. However, as for other 
leptospires, this presence of L. Bratislava infection emphasizes the need for good personal hygiene and 
protective clothing in those contacting wild boar, for example during evisceration of carcases. No evidence was 
found of exposure of wild boar to L. Pomona, Grippotyphosa or Tarassovi which are exotic to the UK and are 
pathogenic leptospire serovars present in pig populations elsewhere in the world.  
 
No Salmonella species, another zoonotic pathogen, were isolated from faeces, despite cultures being 
performed promptly on individual fresh faeces using a sensitive method. Infection with a variety of serotypes 
has been detected in wild boar in surveys in Italy (Chiari and others, 2013), Switzerland (Wacheck and others, 
2010) and Spain (Vicente and others, 2002). The Italian survey identified a variety of Salmonella serotypes in 
large intestinal contents consistent with a range of sources of infection including other wild boar, domestic 
livestock, waste, other wildlife species including birds and the environment.  Although some of these sources of 
infection exist for wild boar in the Forest of Dean, the lower boar density than in some other European 
countries makes it less likely that Salmonella serotypes will establish as adapted strains in the wild boar 
population and may, in part, explain the perhaps surprising lack of Salmonella isolations.   
 
Testing for Brachyspira species was undertaken by PCR which can detect non-viable organisms and no 
Brachyspira species were found in faeces by this method which was also used in Australia where Brachyspira 
hyodysenteriae and pilosicoli were detected in the faeces of free-living wild boar (Phillips and others, 2009). A 
recent study reported from Spain did not detect Brachyspira species in faeces from adult wild boar (Vadillo and 
others, 2017) using bacteriological culture. 
 
There was no evidence of exposure to PRRSV. In Switzerland (Wu and others, 2011) and Germany (Sattler 
and others, 2012), antibody to PRRSv was detected in 0.43% and 1.2% of wild boar respectively. This equated 
to just one boar testing positive in each survey and there was no further confirmation of the ELISA positive 
results in the German study. In the Swiss study, the ELISA positive result was confirmed using the 
immunofluorescent antibody test.  
No exposure to swine influenza strains endemic to pigs in GB (avian-like H1N1, pandemic H1N1 2009 or 
H1N2) or to H3N2 was detected. However, a few sera had antibody to influenza A in one of the two ELISA 
assays used. Possible reasons for this will be investigated and, if sufficient sample remains, the ELISA-positive 
sera will be tested against wider influenza strains. Pigs have been known occasionally to be infected with other 
influenza A viruses such as H9N2, however H5 and H7 infections are rare in pigs. Antibodies to swine 
influenza have been detected at low levels in wild boar in Germany (Sattler and others, 2012) and Spain 
(Vicente and others, 2002), both countries where there are significant wild boar populations. 
 
No faecal excretion of PEDV, a virus which is highly contagious by the faeco-oral route was detected. In the 
last survey, no PED antibody was detected using the in-house ELISA. In view of the recognised issue of 
possible false positive results with PED serological tests, three antibody assays were used, in one of which all 
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the sera were negative. The low level seropositivity detected in the other two tests did not correlate with one 
another and it is suspected that they represent cross-reactivity and will be investigated further. A national 
seroprevalence of 9% was detected using the in-house ELISA in pigs sampled in 2013 (Cheney and others, 
2014) suggesting that there was low-level endemic PEDV infection. However, since then, no PEDV has been 
detected in diagnostic submissions to APHA from diarrhoeic pigs which are being tested by PCR.  
 
The wild boar population of the Forest of Dean is in an area which has a low density of commercial pig units 
and a high proportion of smaller pig units (see Figures 2 and 3) which influences the risks of wild boar 
becoming infected with pig pathogens and/or transmitting pathogens on to domestic pigs. One might expect 
that wild boar may be more likely to have contact with pigs or pig manure on small holdings where external 
biosecurity tends to be poorer, pigs are often kept outdoors allowing nose to nose contact with wild boar and 
fencing may be adequate to keep pigs in but not to keep wild boar out, particularly if the wild boar are seeking 
food, or sows in oestrus are present. Whilst this may be true, where small stable groups of mainly older pigs 
are present without regular introductions of naïve pigs, endemic infection with some pathogens, especially 
viruses like swine influenza and PRRSv, may not establish or persist and these pigs may thus be less likely to 
be a source of infection to wild boar. In Switzerland, Batista Linhares and others (2015) detected Mycoplasma 
hyopneumoniae infection in wild boar but proposed that spillover from domestic pigs to wild boar was more 
likely than transmission from wild boar to pigs. Wild boar density, occurrence of EP outbreaks in domestic pigs 
and young age were identified as risk factors for infection in the wild boar in their study.  
 
The multiple factors which affect the probability of transmission of pathogens between a wild boar population 
and domestic pigs in the vicinity mean that the results of this study should not be extrapolated to wild boar 
populations which exist, or could establish, in other regions. 
 
9. Future surveillance 
 
Further testing on the samples collected in 2015-16 can be considered if funding is available or sought from 
elsewhere by other parties, subject to agreement from appropriate Defra/APHA policy departments. 
 
Testing for other zoonoses, some of which are not associated with disease in wild boar, could include serology 
for Toxoplasma gondii and culture of faeces for Yersinia or Campylobacter species. Metagenomic studies 
could be considered for bacterial species in the faeces and include assessment of antimicrobial resistance 
genes. Barth and others (2015) suggest that faecal Escherichia coli could be used as biological indicator of 
contact between wild boar and domestic pig, although molecular studies did not reveal markers that would 
identify the direction of transmission. Looking globally, Ruiz-Fon (2015) identified viruses such as hepatitis E 
virus, Japanese encephalitis virus, Influenza virus and Nipah virus, and bacteria such as Salmonella spp., 
Shiga toxin-producing Escherichia coli, Campylobacter spp. and Leptospira spp. as the most prone to be 
transmitted from wild swine to humans, not all of these are relevant to the UK. 
 
Any testing for statutory pathogens would have to be considered and agreed by Defra policy/APHA. The UK is 
declared free of Brucella suis and Aujeszky’s disease virus which are known to be present in free-living wild 
boar populations elsewhere in the world, including Europe (Pedersen and others, 2014). None of the wild boar 
sampled for this study had visible tuberculous lesions at meat inspection. For early detection of notifiable 
disease, investigation of wild boar mortality and detection of new and emerging disease, wild boar surveillance 
based on examination and testing of found dead or euthanased sick wild boar is more appropriate and 
sensitive than testing culled healthy wild boar. 
 
Lower priority non-statutory endemic pathogens of GB pigs could be included in future surveys, funding 
allowing, and some have been part of studies in Spain, Germany and Japan (Vicente and others, 2002; 
González-Barrio and others, 2015; Sattler and others, 2012; Abe and others, 2011).  Collection of other 
samples (e.g. tonsils, liver) in addition to blood would extend the range of pathogens that could be considered 
for future surveillance, provided that training could be provided to those collecting samples. Serology and/or 
pathogen detection for any of following pathogens could be considered; porcine circovirus 2, porcine 
parvovirus, porcine enteroviruses, porcine sapelovirus and various bacterial pathogens (for example, 
Erysipelothrix sp., enteropathogenic Escherichia coli, Streptococcus suis, Haemophilus parasuis, Pasteurella 
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multocida, Actinobacillus pleuropneumoniae). Antimicrobial sensitivities of any pathogens isolated would also 
be of interest. 
 
The training in sample collection and provision of pre-paid sample kits for immediate dispatch of samples to the 
laboratory improved the quality of serum samples, and the validity of Salmonella culture results and a similar 
approach is recommended for any future sampling initiative. This survey was reliant on FCE staff for sample 
collection and in future surveys, their collaboration would again be essential. 
 
Alongside any surveillance for pathogens, regular geographic mapping of pig units and wild boar distribution, 
and assessment of wild boar populations is important to monitor the potential for, and risk of, interaction 
between the two species and transmission of pathogens and to gauge the need, scale and success of 
population control measures over time. 
 
Acknowledgements 
We particularly acknowledge the contribution and goodwill of FCE staff without which this surveillance would 
not have been possible. Thanks are also due to AHDB Pork for funding the work, APHA colleagues involved in 
sample handling and testing at Bury St Edmunds, Penrith and Weybridge, and colleagues at SACCVS who 
undertook the Brachyspira species PCR testing. Expertise in swine influenza, PEDV and HEV testing and 
interpretation was kindly provided by Sharon Brookes, Akbar Dastjerdi and Anna La Rocca, and Sylvia 
Grierson respectively. The Data Systems Group GIS team are thanked for their assistance with producing the 
maps. 
 

References 
 
Abe M, Ito N, Sakai K, Kaku Y, Oba M, Nishimura M, Kurane I, Saijo M, Morikawa S, Sugiyama M, Mizutani T. 
(2011) A novel sapelovirus-like virus isolation from wild boar. Virus Genes 43(2): 243-248 
 
Aprea, G., M. G. Amoroso, I. Di Bartolo, N. D’Alessio, D. Di Sabatino, A. Boni, B. Cioffi, D. D’Angelantonio, S. 
Scattolini, L. De Sabato, G. Cotturone, F. Pomilio, G. Migliorati, G. Galiero, G. Fusco  (2017). Molecular 
detection and phylogenetic analysis of hepatitis E virus strains circulating in wild boars in south-central Italy. 
Transboundary and Emerging Diseases 1-7 DOI: 10.1111/tbed.12661 
 
Barth, S., Geue, L., Hinsching, A., Jenckel, M., Schlosser, J., Eiden, M., Pietschmann, J., Menge, C., Beer, M., 
Groschup, M., Jori, F., Etter, E. and Blome, S. (2015), Experimental Evaluation of Faecal Escherichia coli and 
Hepatitis E Virus as Biological Indicators of Contacts Between Domestic Pigs and Eurasian Wild Boar. 
Transboundary and Emerging Diseases. doi: 10.1111/tbed.12389 
 
Batista Linhares M, Belloy L, Origgi FC, Lechner I, Segner H, Ryser-Degiorgis M-P (2015) Investigating the 
Role of Free-Ranging Wild Boar (Sus scrofa) in the Re-Emergence of Enzootic Pneumonia in Domestic Pig 
Herds: A Pathological, Prevalence and Risk-Factor Study. PLoS ONE 10(3): e0119060. 
doi:10.1371/journal.pone.0119060 
 
Berto A, Martelli F, Grierson S, Banks M. (2012) Hepatitis E virus in pork food chain, United Kingdom, 2009–
2010. Emerg Infect Dis. 2012;18:1358–60. http://dx.doi.org/10.3201/eid1808.111647 
 
BPEX (2011) 20:20 Pig Health and Welfare http://pork.ahdb.org.uk/media/2233/2020-pig-health-and-
welfare.pdf 
 
Cheney, T. 1, Powell, L. 1, Steinbach, F. 1 and Williamson, S. (2014). Study of Porcine Epidemic Diarrhoea 
virus in UK pigs at slaughter in 2013  
http://pork.ahdb.org.uk/media/2729/pedv_baseline_report.pdf 
 
Chiari, Mario; Mariagrazia Zanoni, Silvia Tagliabue, Antonio Lavazza and Loris G Alborali (2013) Salmonella 
serotypes in wild boars (Sus scrofa) hunted in northern Italy. Acta Veterinaria Scandinavica 55:42 
 

https://www.ncbi.nlm.nih.gov/pubmed/21643767
http://pork.ahdb.org.uk/media/2233/2020-pig-health-and-welfare.pdf
http://pork.ahdb.org.uk/media/2233/2020-pig-health-and-welfare.pdf
http://pork.ahdb.org.uk/media/2729/pedv_baseline_report.pdf


CSKL0070 Nonstatutory pathogens in culled wild boar, Williamson, Smith and Barlow, May 2017 9 

Colson, P., Borentain, P., Queyriaux, B., Kaba, M., Moal, V., Gallian, P., Gerolami, R. (2010). Pig liver sausage 
as a source of hepatitis E virus transmission to humans. Journal of Infectious Diseases, 202: 825–834 
 
Defra (2008). Feral wild boar in England: An action plan. http://www.britishpigs.org.uk/feralwildboar.pdf 
 
Ellis WA (1992). Leptospirosis in pigs. Pig Veterinary Journal 28: 24-34 

EFSA (2017) Scientific Report on Epidemiological analyses on African swine fever in the Baltic countries and 
Poland. EFSA Journal 2017;15(3):4732 
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4732/epdf 
 
Forestry Commission of England (2014) http://www.forestry.gov.uk/fr/wildboar accessed July 2014 
 
Gill R. and Ferryman M. (2015) Survey and Population Projections in the Public Forest Estate 2015 
http://www.forestry.gov.uk/pdf/FR_Wild_Boar_Deer_FoDean_Gill_2015.pdf/$FILE/FR_Wild_Boar_Deer_FoDe
an_Gill_2015.pdf 
 
González-Barrio, David; María Paz Martín-Hernando, Francisco Ruiz-Fons (2015). Shedding patterns of 
endemic Eurasian wild boar (Sus scrofa) pathogens. Research in Veterinary Science 102 (2015) 206–211 
 
Grierson, G., Judith Heaney, Tanya Cheney, Dilys Morgan, Stephen Wyllie, Laura Powell, Donald Smith, 
Samreen Ijaz, Falko Steinbach, Bhudipa Choudhury, Richard S. Tedder (2015). Prevalence of Hepatitis E 
Virus Infection in Pigs at the Time of Slaughter, United Kingdom, 2013. Emerging Infectious Diseases 21: 
1396-1401 
 
Hara, Yuka; Yutaka Terada, Kenzo Yonemitsu, Hiroshi Shimoda, Keita Noguchi, Kazuo Suzuki, and Ken 
Maeda (2014) High Prevalence of Hepatitis E Virus in Wild Boar (Sus scrofa) in Yamaguchi Prefecture, Japan. 
Journal of Wildlife Diseases: April 2014, Vol. 50, No. 2, pp. 378-383 
 
Montagnaro, S., C. De Martinis, S. Sasso, R. Ciarcia, S. Damiano, L. Auletta, V. Iovane, T. Zottola and U. 
Pagnini (2015). Viral and Antibody Prevalence of Hepatitis E in European Wild Boars (Sus scrofa) and Hunters 
at Zoonotic Risk in the Latium Region. J. Comp. Path. 153: 1-8 
 
OIE (World Organisation for Animal Health). (2014) Leptospirosis: Manual of Diagnostic Tests and Vaccines 
for Terrestrial Animals chapter 2.1.9 Paris: OIE Available at  
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.09_LEPTO.pdf 
(accessed 24th June 2014). 
 
OIE (World Organisation for Animal Health). (2010) Swine Influenza: Manual of Diagnostic Tests and Vaccines 
for Terrestrial Animals chapter 2.8.8 Paris: OIE Available at  
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.08.08_SWINE_INFLUENZA.pdf 
 
Pedersen K, Quance CR, Robbe-Austerman S, Piaggio AJ, Bevins SN, Goldstein SM, Gaston WD, DeLiberto 
TJ (2014) Identification of Brucella suis from feral swine in selected states of the USA. Journal of Wildlife 
Diseases 50: 171-179 
 
Phillips ND, La T, Adams PJ, Harland BL, Fenwick SG and Hampson DJ. (2009) Detection of Brachyspira 
hyodysenteriae, Lawsonia intracellularis and Brachyspira pilosicoli in feral pigs. Veterinary Microbiology. 134: 
294-299 
 
Ruiz-Fons, F. (2015), A Review of the Current Status of Relevant Zoonotic Pathogens in Wild Swine (Sus 
scrofa) Populations: Changes Modulating the Risk of Transmission to Humans. Transboundary and Emerging 
Diseases. doi: 10.1111/tbed.12369 
 

http://www.britishpigs.org.uk/feralwildboar.pdf
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4732/epdf
http://www.forestry.gov.uk/fr/wildboar
http://www.forestry.gov.uk/pdf/FR_Wild_Boar_Deer_FoDean_Gill_2015.pdf/$FILE/FR_Wild_Boar_Deer_FoDean_Gill_2015.pdf
http://www.forestry.gov.uk/pdf/FR_Wild_Boar_Deer_FoDean_Gill_2015.pdf/$FILE/FR_Wild_Boar_Deer_FoDean_Gill_2015.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.09_LEPTO.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.08.08_SWINE_INFLUENZA.pdf


CSKL0070 Nonstatutory pathogens in culled wild boar, Williamson, Smith and Barlow, May 2017 10 

Sattler T, Sailer E, Wodak E, Schmoll F (2012). Serological detection of emerging viral infections in wild boars 
from different hunting regions of Southern Germany.  TierarztlPraxAusg G GrosstiereNutztiere 40:27-32. 
 
Smith, K. and Dalley, C. (2006). How common is leptospiral infection in UK horses - preliminary serological 
observations. DEFRA/AHT/BEVA Equine Quarterly Disease  Surveillance Report Volume 2, No. 3: July – 
September 2006 https://www.aht.org.uk/skins/Default/pdfs/equine_vol2_3_focus.pdf 
 
Vadillo Santiago, Carlos San-Juan, Marta Calderón, David Risco, Pedro Fernández-Llario, Marta Pérez-
Sancho, Eloy Redondo, Miguel A Hurtado and M Isabel Igeño (2017). Isolation of Brachyspira species from 
farmed wild boar in Spain. Veterinary Record 2017 181: 145 
 
Van Nieuwstadt AP and Zetstra T (1991) Use of two enzyme-linked immunosorbent assays to monitor antibody 
responses in swine with experimentally induced infection with porcine epidemic diarrhoea virus. Am J Vet Res 
52(7):1044-1050 
 
Vicente, Joaquın, Luıs Leon-Vizcaıno, Christian Gortazar, Marıa Jose Cubero, Monica Gonzalez, and 
Pablo Martın-Atance (2002). Antibodies to Selected Viral and Bacterial Pathogens in European 
Wild Boars from Southcentral Spain. Journal of Wildlife Diseases, 38(3), 2002, pp. 649–652 
 
Wacheck S, Fredriksson-Ahomaa M, König M, Stolle A, Stephan R: Wild boars as an important reservoir for 
foodborne pathogens. Foodborne Pathog Dis 2010, 7:307–312 
 
Williamson, S., Gaudie, C.,  Murray, K., Dalley, C. and Woodward, M. (2004) Investigation of  Leptospira 
Serovars in Pigs in England and Wales: definition and detection of infecting agents.  The Pig Journal 54 132-
138 
 
Williamson S., Smith R. and Barlow A. (2014) Surveillance For Non-Statutory Pathogens In Culled Wild Boar In 
The Forest Of Dean http://Pork.ahdb.org.uk/media/39798/surveillance_for_non-
statutory_pathogens_in_culled_wild_boar_in_the_forest_of_dean_-_june_2014.pdf 
 

Wu N, Abril C, Hinić V, Brodard I, Thür B, Fattebert J, Hüssy D, Ryser-Degiorgis MP (2011). Free-ranging wild 

boar: a disease threat to domestic pigs in Switzerland? Journal of Wildlife Diseases. 47:868-879 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.aht.org.uk/skins/Default/pdfs/equine_vol2_3_focus.pdf
http://pork.ahdb.org.uk/media/39798/surveillance_for_non-statutory_pathogens_in_culled_wild_boar_in_the_forest_of_dean_-_june_2014.pdf
http://pork.ahdb.org.uk/media/39798/surveillance_for_non-statutory_pathogens_in_culled_wild_boar_in_the_forest_of_dean_-_june_2014.pdf


CSKL0070 Nonstatutory pathogens in culled wild boar, Williamson, Smith and Barlow, May 2017 11 

Appendix 1 Details of testing of wild boar samples for non-statutory pig pathogens 
All tests performed by APHA except Brachyspira species PCR‡ which was subcontracted to SAC CVS Edinburgh 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pathogen Sample Test details Number 
tested 

Test Reference if available Comments 

Salmonella 
serotypes 

Faeces  TC0699 
 

112 Modified Semi-Solid Rappaport-Vassiliadis 
(MSRV) medium used for Salmonella isolation 
where low numbers of organism may be present 

Each fresh faeces cultured 
individually immediately on 
receipt, 85% within three days 
of cull  

Porcine respiratory 
and reproductive 
syndrome virus 
(PRRSv) 

Serum TC0412 Antibody 
ELISA 
 
TC0413 and TC0323 
genotypes 1 and 2 
IPMA 

109 
 
 
1 

IDEXX PRRS X3 enzyme-linked immunoassay 
http://www.idexx.co.uk/livestock-
poultry/swine/prrs.html 

IPMA for both North American 
and European genotypes on 
the one ELISA inconclusive 
serum 
 

TC0718 RT-PCR for 
viral nucleic acid 
detection (ORF 7 gene) 

1 Frossard and others (2012) PCR undertaken on the one 
ELISA inconclusive serum 

Brachyspira species  Faeces  TC0495 Brachyspira 
species PCR ‡ 

90 
as 30 
pools 

23s RNA/RFLP PCR  detects and differentiates 
B. hyodysenteriae, B. pilosicoli and B. 
innnocens group. 

Faeces tested in pools of 
three.  
Tested at SAC CVS Edinburgh 

Mycoplasma 
hyopneumoniae 
enzootic pneumonia 

Serum TC0456 Antibody 
ELISA 

109 Blocking ELISA commercially available from 
DAKO 

 

Swine influenza 
virus 

Serum Antibody ELISA x 2 
 
 
TC0160 Antibody HAIT 

81 
 
 

10 

IDEXX and IDVet influenza A ELISAs 
 
 
OIE (2010) 

Positive or inconclusive ELISA 
sera tested in influenza HAIT 
for antibody to four strains 
(avian-like H1N1, pandemic 
H1N1, H1N2 & H3N2).  

Porcine epidemic 
diarrhoea virus 
(PEDv) 

Serum 
 
 
 
 
Faeces 

a) Antibody ELISA 1  
b) Antibody ELISA 2 
c) TC0377 In-house 
antibody ELISA 
 
TC0398 PCR 

86 
86 
20 
 
 

107 

https://www.id-vet.com/produit/id-screen-pedv-indirect/ 
http://www.biovet.ca/wp-content/uploads/doc/product 
/PEDV%20ELISA%20kit%20EN.pdf 

van Nieuwstadt and Zetstra (1991) 
 
 

PED/TGE qRT-PCR QIAGEN kit, Germany 

Antibody ELISAs do not 
distinguish antibody to virulent 
PEDV from endemic PEDV 

Leptospira serovars Serum TC0399 Antibody – 
Microagglutination test 
(MAT) 6 pools 
TC0451 MAT Pool 3 

110 
 
 
4 

OIE (2014), Ellis (1992) 
 
 

19 serovars tested in 6 pools, 
positive sera tested vs. 
individual serovars to identify 
serovar with highest titre 

Hepatitis E virus Serum 
 
 
Faeces 
Serum 

Hepatitis E virus 
antibody ELISA 
 
RT-PCR  
 

82 
 
 

107 
1 

Wantai Total HEV Antibody kit (Fortress 
Diagnostics Ltd., Antrim, UK)  
 
Berto and others (2012) 

Virus in positive samples 
partially sequenced 

http://www.biovet.ca/wp-content/uploads/doc/product%20/PEDV%20ELISA%20kit
http://www.biovet.ca/wp-content/uploads/doc/product%20/PEDV%20ELISA%20kit

