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Abstract 

Introduction: Porcine epidemic diarrhoea virus (PEDV) of the Coronaviridae family causes significant economic losses in 

the pig industry worldwide. Wild boars contribute to the transmission of different viral, bacterial and parasitic infections to livestock 

animals and humans. However, their role in the maintenance and transmission of PEDV has not been established. Material and 

Methods: In this study, blood and faecal samples from 157 wild boars were collected from 14 provinces of Poland during the 

2017–2018 hunting season. RNA was extracted from the faecal homogenate supernatant and subjected to quantitative RT-PCR 

(RT-qPCR), while clotted blood samples were used for detection of antibodies against PEDV by ELISA. Results: Five blood 

samples (3.2%) were seropositive in ELISA, while none of the faecal samples were found positive using RT-qPCR assays. 

Conclusion: The results of this analysis indicate the need for additional studies incorporating a larger number of samples and  

preferably comparing different serological methods, to confirm whether wild boars in Poland act as PEDV reservoirs. 
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Introduction 

Porcine epidemic diarrhoea virus (PEDV) is  

an enveloped, single-stranded RNA virus belonging to 

the Coronaviridae family in the Alphacoronavirus 

genus. The PEDV genome is approximately 28 kilobase 

pairs long and consists of seven open reading frames 

(ORFs) that encode four major structural proteins, 

namely spike (S), envelope (E), membrane (M) and 

nucleocapsid (N), and three non-structural proteins  

(1a, 1ab and ORF3) (6). In general, genetic diversity has 

been described as being higher among the PEDV S and 

E genes than the M and N genes. The virus is assumed 

to undergo a slow evolutionary process generating 

mutations or recombination events necessary for 

adaptation. The stability and high-fidelity replication of 

its large genome can be attributed to the 3′-to-5′ 

proofreading exoribonuclease activity within  

non-structural protein nsp14 (30). Although only one 

serotype of PEDV has been reported, phylogenetic 

studies of the S gene suggested that PEDV can be 

divided into two groups: the low-pathogenic genogroup 

1 (G1a and recombinant G1b) and highly pathogenic 

genogroup 2 (local epidemic G2a and global epidemic 

or pandemic G2b)  (14–16, 37). 

This virus is one of the major pathogens causing  

a devastating disease in the swine industry which is 

characterised by vomiting and acute watery diarrhoea 

leading to dehydration and high mortality, especially in 

young piglets (13, 23–24, 26). The disease is clinically 

similar to other forms of porcine gastroenteritis caused 

by closely related coronaviruses, transmissible 

gastroenteritis virus (TGEV), porcine deltacoronavirus 

(PDCoV), rotaviruses, bacteria (Clostridium spp.,  

E. coli, Salmonella spp., Brachyspira spp., and 

Lawsonia intracellularis) and parasites (Isospora suis, 

Cryptosporidium spp., and nematodes) (24, 27). 

Therefore, a diagnosis of PEDV infection cannot be 

made based only on the clinical signs and lesions 

observed in the gastrointestinal tract during necropsy. 

Many diagnostic tests have been developed and are 

commonly used to detect PEDV genetic material and its 

proteins, including virus isolation, immunofluorescence 

(IF), immunohistochemistry (IHC) and polymerase 

chain reaction (PCR) (20, 32, 38). Additionally, several 

serological methods such as enzyme-linked immunosorbent 

assay (ELISA) have been designed and proven to detect 

antibodies against PEDV. While earlier indirect ELISAs 

were based on whole virus preparation, more recently 

developed tests are based on the spike or the 
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nucleocapsid proteins (8, 17, 25). Molecular assays such 

as real-time quantitative reverse transcriptase PCR  

(RT-qPCR) have become the methods routinely used for 

the diagnosis of PEDV infection, providing sensitive, 

specific and rapid detection of viral RNA in clinical 

samples. Notwithstanding the popularity of chain 

reaction methods, the measurement of antibodies against 

PEDV by ELISA can still be useful to detect positive 

animals beyond the excretion period for different 

purposes, such as to know the possible presence, 

persistence and spread of the virus within the farm, to 

screen the source animals’ status, to check the immune 

status of gilts and sows before farrowing, and to conduct 

immunological and epidemiological studies on PEDV. 

In the last decade, many porcine epidemic 

diarrhoea (PED) outbreaks have been reported by 

several countries. The virus was first recognised in the 

UK in 1971 and later spread through most European 

countries (France, Portugal, Germany, the Netherlands, 

Austria, Italy, Slovenia, and Ukraine), Asia, and North 

America (USA, Mexico and Canada) (3, 5, 12, 23,  

33–35). Because PED is not a notifiable disease in the 

EU nor among the OIE listed diseases, most countries 

have not implemented active monitoring for this 

particular disease, so information about its prevalence is 

lacking or limited. In Poland, the clinical symptoms of 

PED have been observed in pigs but no large-scale 

studies have been performed. 

It is known that the wild boar (Sus scrofa L.) is  

a reservoir for a variety of significant pathogens 

responsible for diseases in livestock animals and in 

particular in swine (22, 29, 36). Among other disease 

agents, classical swine fever virus (CSFV), pseudorabies 

virus (PRV), African swine fever virus (ASFV), porcine 

circovirus type 2 (PCV2), porcine reproductive and 

respiratory syndrome virus (PRRSV) and porcine 

parvovirus (PPV) are confirmed to circulate in the wild 

boar population (4). However, the role of wild boars in 

the maintenance and transmission of PEDV is not well 

known. Studies conducted by Lee et al. (15) confirmed 

the circulation of PEDV in the wild boar population on 

the Korean peninsula. However, to the best of our 

knowledge, there is no other published information 

regarding PEDV occurrence in wild boars. Therefore, 

the goal of the current study was the detection of 

antibodies and genetic material of PEDV in samples 

collected from representatives of the species in Poland. 

Material and Methods 

The study was performed using samples procured 

at random from 157 wild boars originating from 14 

provinces of Poland covering most of the area of the 

country. The experimental material was amassed during 

the 2017–2018 hunting season (Fig. 1). Blood samples 

were taken directly from the heart, mainly as blood clots, 

and faecal samples were collected from the rectum of 

corresponding animals. All materials were stored  

at −80°C prior to testing. No ethical authority approval 

was required as the blood and faeces were collected post 

mortem by licensed hunters. 

 

 
Fig. 1. Geographic distribution of samples collected from wild boars 

in Poland. Areas in grey correspond to voivodships from which 
samples were collected. The red dots indicate the areas of origin of 

wild boar samples found positive in ELISA assays; n – the number of 

samples collected in particular areas 

 

Faecal samples were diluted tenfold in phosphate 

buffered saline (PBS) containing antibiotics (10 units/mL 

of penicillin, 100 µg/mL of streptomycin, and 0.25 µg/mL 

of amphotericin B) (Gibco, Grand Island, NY, USA) and 

centrifuged at 3,000 rpm for 20 min at 4°C. The 

supernatant was collected and total RNA was extracted 

using a QIAmp Viral RNA Mini Kit (Qiagen, Hilden, 

Germany) and tested for the presence of PEDV by  

RT-qPCR using a VetMAX PEDV/TGEV/SDCoV Kit 

(Thermo Fisher Scientific, Waltham, MA, USA) 

according to the manufacturer’s recommendations. The 

thermal cycling conditions were as follows: 10 min at 

48°C for reverse transcription, 10 min at 94°C for initial 

denaturation, and 40 cycles of 15 s at 95°C and 45 s at 

60°C for denaturation, annealing, and extension. A 20 µL 

volume of the reaction mixture contained 5 μL of 

TaqMan Fast Virus 1-step Master Mix (Thermo Fisher 

Scientific), 1 μL of VetMAX PEDV/TGEV/SDCoV 

Primer Probe Mix, 6 μL of Nuclease-Free Water 

(Thermo Fisher Scientific), and 8 μL of RNA of tested 

samples. For each separate RT-qPCR run, two positive 

controls (one for the RT-qPCR components and another 

for the RNA purification process) and one negative 

control (nuclease-free water, Amresco, Solon, OH, 

USA) were included. The reactions RT-qPCR were run 

on an Mx3005P qPCR System (Agilent Technologies, 

Santa Clara, CA, USA) according to the manufacturer’s 

instructions. A positive control was used to set the cycle 

threshold (Ct) for evaluating test results. 

A recombinant N protein–based commercial 

ELISA (ID Screen PEDV Indirect, IDvet, Grabels, 

France) was used for detection of anti-PEDV antibodies 
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in blood samples. The assay was performed and 

interpreted according to the manufacturer’s recommendations. 

Briefly, 10 μL of plasma was added to each well 

containing 90 μL of dilution buffer. After incubation  

at 21°C for 45 min, the wells were washed three times  

with the Wash Solution Buffer. Thereafter, 100 μL of  

1× conjugate was added and the mixture was incubated 

for 30 min at 21°C. After washing, 100 μL of substrate 

solution was added and after incubation for 15 min  

at 21°C, 100 μL of a stop solution was used to interrupt 

the colour reaction. The plates were read at 450 nm using  

a ELx800 plate reader (BioTek Instruments, Winooski, 

VT, USA). The results were expressed as a percentage 

of the sample-to-positive (S/P) ratio and the samples 

which showed an S/P higher than 60% were considered 

positive. 

Results  

Out of 157 tested samples, five (3.2%) samples, 

which originated from three voivodships (Fig. 1), were 

positive in the N protein–based commercial test, while 

152 (96.8%) samples were negative. The S/P % values 

obtained from positive samples exceeded the threshold 

for positivity (≥60%) and ranged from 73% to 197% 

(Fig. 2). 

 

 
 

Fig. 2. Distribution of the S/P (%) values of samples tested in this 

study. The samples which yielded S/P ratios higher than 60% (the cut-
off shown as the dotted line) were considered PEDV-positive, and 

samples with lower ratios were considered negative 

 

A multiplex RT‐qPCR was carried out to detect the 

genome of PEDV and possible coinfection(s) with 

TGEV and PDCoV; however, the presence of the 

genetic material of these viruses was not detected in 

samples tested in this study. 

Discussion  

There has been a worldwide increase in the number 

and geographical spread of wild boar populations (2). 

Changes of human habitation to suburban areas, 

increased use of land for agricultural purposes, increased 

hunting of wild boars and consumption of wild boar 

meat in some regions have increased the opportunity for 

exposure of domestic animals and humans to wild boars 

and created an ideal environment for the transmission of 

pathogens from the latter to the former (10). Previous 

epidemiological studies indicated that wild boars are  

a potential reservoir for infectious diseases of livestock 

and humans (2). Therefore, epidemiological studies of 

different pathological agents of economic and public 

health importance are necessary in wild boars. For this 

reason, the objective of the present study was to 

determine the prevalence of PEDV in wild boars from 

Poland. A total of 157 blood and faecal samples from 

wild boars were analysed using RT-qPCR and ELISA 

tests for detection of viral genetic material and PEDV-

specific antibodies, respectively. Our results indicated 

that five samples (3.2%) were seropositive, however, the 

presence of genetic material of this pathogen was not 

detected. Similar results were obtained in the USA in 

study by Ghimire et al. (9), where faecal samples 

originating from 44 wild boars were tested by 

conventional RT-PCR and RT-qPCR assays and found 

negative. On the other hand, the study conducted by  

Lee et al. (15) indicated the circulation of PEDV in the 

wild boar population in South Korea: the analysis of  

287 samples tested by RT-PCR revealed a PEDV 

infection rate of 9.75% (28/287). The PEDV sequences 

obtained from wild boar isolates were closely related to 

sequences of the Chinese PEDV strain, showing 97.7–100.0% 

homology. However, the molecular and phylogenetic 

analyses were limited to partial sequences encoding the 

spike protein. 

Taking into account the high sensitivity and 

specificity of the molecular methods, they can be used 

in the early stages of PEDV infection; however, as the 

disease continues, the number of virus particles in the 

clinical material decreases as a result of the immune 

system mechanisms, and then these tests become less 

useful. More specifically, PEDV faecal shedding is the 

highest a few days post infection and the viral load tends 

to decrease after one week; however, intermittent 

shedding can be observed until 60 days post infection 

(1). Therefore, in a study using faecal samples, the 

likelihood of detecting the virus is higher before the 

infection has encountered the full host response. For this 

reason, our results may indicate that the wild boars tested 

in this study did not have active PEDV infection. 

However, the detection of antibodies against PEDV in 

some samples suggests that these animals could have 

had earlier contact with the virus which resulted in the 

production of antibodies that are known to persist for 

more than a year (8, 27). 

Currently, several enzyme-linked immunosorbent 

assays (ELISA) have been developed to detect 

antibodies against PEDV (7, 13, 19, 28). However, most 

of them are in-house assays and information regarding 

their sensitivity and specificity is scarce. The contrasting 

requirements for high sensitivity and high specificity 

have always been a challenge for ELISA developers. It 

is known that a decrease in diagnostic specificity will 

result in an increased number of false positives, while 
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increasing the test specificity will result in decreased 

sensitivity and lead to fewer true- and false-positive 

results. In this study we used a commercially available 

ELISA kit which had sensitivity and specificity of 

73.7% and 98.4%, respectively (8). This kit is based on 

the nucleoprotein (N protein) of PEDV, which is massively 

produced throughout infection and is able to elicit  

a strong immune response (13, 31). Moreover, this protein 

is highly conserved among PEDV strains (96–99.7% 

amino acid identity), which suggests that ELISAs based 

on the N protein could be more sensitive for detection of 

antibodies against heterologous PEDV strains than 

ELISAs based on the more variable spike protein (18). 

The amino acid similarity of the PEDV N protein to that 

of other porcine coronaviruses is lower than 35%; 

however, it contains the epitopes which are highly 

conserved among the Coronaviridae family, and cross-

epitopes with certain TGEV (11, 19) and PDCoV strains 

have been reported (21). Therefore, it cannot be ruled 

out that among the results of this small-scale study there 

may be some false positives due to cross-reactions. The 

lack of well-established tests for serological diagnosis of 

PEDV infection definitely hampers the monitoring of 

carriage of the virus. Further studies resourced with 

larger sample sizes and using different serological and 

molecular methods are recommended to confirm 

whether wild boars in Poland act as a PEDV reservoir. 
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