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Background: Livestock animals have been the assumed source of several human epidemics in recent years, for

example, influenza H1N1, rotavirus G8/G9, and MERS-CoV. Surveillance of novel viruses in animals is

essential to evaluate the risk to human and animal health and to determine any economic impact, for example,

failure to thrive. There is a paucity of data regarding detection and characterisation of gastroenteritis viruses,

particularly novel viruses, in porcines in Ireland. Recently, a number of small novel porcine DNA viruses have

emerged globally, for example, torque teno sus virus, porcine bocavirus, and parvoviruses 2 & 4, and little is

known about the biology and potential pathogenicity of these viruses. Bocaparvovirus is a genetically distinct

group of viruses which has been recently detected in humans and animals.

Methods: In this study, the presence of gastroenteritis viruses (rotavirus A, porcine circovirus, adenovirus, and

porcine bocavirus) was investigated in a selection of archived faecal samples from asymptomatic piglets from a

commercial farm in Ireland. A total of 104 specimens were pooled and screened using conventional molecular

techniques (PCR and RT-PCR), a subset of specimens (n�44) were then examined individually. Viral diversity

was then investigated using statistical and phylogenetic techniques.

Results: Initial screening showed a high prevalence of PBoV in this farm, with the formation of three distinct

groups in phylogenetic analysis. Other viruses were also investigated in this study with the first report of PCV,

PAdV and lineage I G5 RVA in Ireland. Some specimens contained �1 virus, with statistical analysis

indicating a strong correlation for mixed infections of PBoV and PAdV on this farm.

Conclusion: Investigating the diversity of circulating enteric viruses on Irish porcine farms is important to

improve the prophylactic tools available and to facilitate the early detection of changes in circulating viruses.
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V
iral diseases of animals have been under increas-

ing scrutiny in recent years, particularly from the

perspective of food safety and public health (1).

Livestock animals and humans have shared an inter-

dependent relationship (albeit more in human’s favour)

for centuries, and constant interaction with these animals,

from farm to fork, creates many opportunities for zoonotic

events to occur (2). Early detection and characterisation

of new or emerging viruses allows information to be gath-

ered and diagnostic tools to be developed to allow pre-

valence of agents to be established, with potential future

benefits to human and animal health, diagnostics, and

vaccine production.

Parvoviridae is a group of small, non-enveloped single-

stranded DNA viruses that can infect mammals and

insects. Sub-family Parvovirinae infects mammals and con-

sists of the genera Protoparvovirus, Erythroparvovirus, Depen-

doparvovirus, Amdoparvovirus, Tetraparvovirus (hokovirus),

and Bocaparvovirus. Members of this group can cause

diseases which are considered important to human and

animal health, for example, fifth disease in humans (HPV

B19) and stillbirth, mummification, embryonic death,
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and infertility (SMEDI) in pigs (PPV). Bocaviruses (BoV)

are a recently described group of DNA viruses; members

are characterised based on their genetic homology to

bovine parvovirus and canine minute virus. BoVs were first

described in humans (3) and have also been detected in

canine, feline, and porcine hosts (4). They are a geneti-

cally diverse group, distinct from the other members of

Parvovirinae as they contain three major open reading

frame (ORFs), coding for four genes (NS1, NP1, and VP1/2)

(5, 6). The presence of ORF3 is a near exclusive trait

of bocavirus species (shared with PPV4), coding for NP1

protein, which is essential in viral propagation (7, 8).

PBoV was first detected by Blomström et al. (9), in

piglets suffering from post-weaning multi-systemic failure

with porcine circovirus 2 (PCV2) aetiology. There have

been many studies to characterise this group of viruses in

pigs, and, to date, five putative species of PBoV species

have been described, but classification of these isolates is

poorly defined (10). The ninth ICTV report (International

Committee of Taxonomy of Viruses) defined a new

bocavirus species as any isolate with less than 95% identity

in non-structural gene sequences (11). However, with the

surge of sequence data for this virus family, classification

of isolates has become confused. For consistency, PBoV

isolates will be discussed as the groups as outlined by Yang

et al. and Xiao et al. (10, 12), throughout this report. In

addition, recently proposed rationalisation and extension

of the taxonomy of the family Parvoviridae (www.ictv

online.org/virusTaxonomy.asp) is also used (13).

The pathogenicity of PBoV remains unclear, with viral

isolates being detected in both diseased and healthy animals

(14�16). In addition, viral DNA can be detected in a range

of tissues, including lymph nodes (17), serum (18), lung (19),

saliva (20), and faecal matter (21). Furthermore, PBoV can

be found in a high percentage of mixed infections leading to

the question as to whether it is a true pathogen or oppor-

tunistic in nature, requiring activation through co-infection

(12, 22�24). Most studies have used molecular techni-

ques to detect and characterise PBoV (17�19, 21, 25�27),

while some limited progress has been made using cell

culture and immunological techniques for group 3 PBoV

(28, 29). Other gastroenteritis viruses such as group A

rotavirus (RVA), porcine adenovirus (PAdV), and PCV are

economically important viruses. PCV and PAdV have

been associated with gastroenteritis, respiratory disease,

or post-weaning multi-systemic wasting (PWMS) in pig-

lets. RVA in pigs is attributed to severe gastrointestinal

disease and accounts for 89% of diarrhoea in commercial

pig farms (30, 31); in addition RVA in pigs has been

recognised to be both enzootic and epizootic, and many of

the human RVA gene segments share a common origin

with porcine RVA (32, 33).

In this study, the presence of bocavirus and other

gastroenteritis viruses was investigated in archived faecal

samples from a commercial pig farm in Ireland. Results

highlight the diversity of gastroenteritis viruses present,

also the diversity of BoV isolated from just one farm in

Ireland and the detection of more than one BoV group in

one host. In addition, other viruses such as adenovirus

(PAdV), PCV1, and rotavirus A (RVA) were also detected

and characterised. This is the first report of group 1 and 2

PBoV, PCV, and PAdV in Ireland.

Materials and methods

Sample preparation and extraction

Archived faecal specimens (n�104) which had been col-

lected from a commercial farm in Ireland in 2007 and stored

at 48C were examined. Samples were taken from asympto-

matic suckling and weaning piglets, aged from 2 to 6 weeks.

Specimens were pooled prior to extraction and analysis

(n�26). Nucleic acids were extracted from pooled specimens

using Qiaamp DNA stool mini kit (Qiagen), following man-

ufacturer’s instructions. Viral nucleic acidwas eluted in 100 ml

of elution buffer and stored at �208C prior to analysis.

For analysis of RVA in pooled specimens, nucleic acid

was extracted using phenol-chloroform, with ethanol

precipitation (30). Viral RNA was re-suspended in 100 ml

of DEPC H20 and stored at �208C.

Detection and amplification of porcine bocavirus

PBoV was detected using three sets of primers targeting the

VP1/2 region of PBoV; primers from Shan et al. (34) were

used to detect PBoV groups 1 and 2, while primers

designed during this study were used to detect PBoV

group 3 (Forward � 5? � AAA TTG CGC CTG CGC TCA

ACG � 3? and Reverse � 5? � TGC GTC CAA GGA AAG

GCG TG � 3?). To characterise isolates, primers which

amplify the NP1 gene were selected; previously published

primers (14) were used for group 1 PBoV; those reported by

Choi et al. (20) were used to characterise group 2 PBoV,

while primers designed in this group were used for group

3 PBoV (Forward � 5? � CAT ACT ACT ACC AGC GAC

GG � 3? and Reverse � 5? � CTC GTC GGC TTT ATT

GAC AGG � 3?). The PCR reactions were carried out in

50 ml volumes using the following reagents: 10 ml 5� Go Taq

Flexi buffer†, 3 ml of 25 mM MgCl2, 8 ml 1.25 mM dNTP

mix, 1 ml of each primer (50 pmol), 0.5 ml of 5 U/ml of Taq

Polymerase (Promega, USA), and 5 ml of template.

Selected positive pooled samples were subsequently

re-extracted using individual specimens, to further char-

acterise and determine the genetic diversity of gastro-

enteritis viruses, in particular BoV, therein.

Detection of other DNA viruses and rotavirus

Specimens were also tested for the presence of other DNA

viruses, namely adenovirus (35) and PCV types 1 and 2 (36),

using the conditions described above. The presence of RVA

was also investigated using primers specific to VP7 and VP4

genes (30, 37). A one-step RT-PCR reaction was used for
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RVAusing a similar reaction mix to that described previously:

10 ml 5� Go Taq Flexi buffer†, 3 ml of 25 mM MgCl2,

8 ml 1.25 mM dNTP mix, 1 ml of each primer (50 pmol), 0.5 ml

of 5 U/ml Taq Polymerase (Promega, USA), 0.2 ml of 10 U/ml

AMV-RT (Promega, USA), and 3 ml of template.

All reactions were carried out on a Biometra T3000

thermocycler. Amplified products were visualised on a

1.5% agarose gel stained with ethidium bromide using a

UV transilluminator.

Sequencing and data analysis

Selected positive samples were cleaned using Roche High

Pure PCR clean kit (Roche) and sequenced using a

commercial service (GATC, Germany). For PBoV, seven

specimens were sequenced; initially the VP1 gene was used

in detection, while the NP1 gene was selected for sequen-

cing as it is unique to BoV species. For group 1 PBoV, one

specimen was sequenced (�1,040 bp) as this group

typically displays little genetic diversity; likewise, two

specimens were sequenced for group 2 PBoV (�820 bp)

and four specimens were sequenced for group 3 PBoV

(�1,000 bp), as these groups are more genetically diverse.

For other gastroenteritis viruses (PCV, PAdV, and RVA),

capsid genes were targeted, as these genes are more useful

for detection purposes. Representative specimens were

sequenced for PCV1 (�900 bp) and PAdV (�610 bp),

as only one PCV1 positive was detected and PAdV3 has

limited genetic diversity. For RVA, two specimens were

sequenced to determine the G and P types, using VP7

(�1,070 bp) and VP4 (�876 bp) RT-PCR products,

respectively, to examine and compare diversity of RVA to

previous studies in Ireland.

Resulting sequence data were subsequently analysed

and edited using BioEdit v7.0.9.0 (38) and online BLAST

tool (www.blast.ncbi.nlm.nih.gov/Blast.cgi). Alignment

of BoV isolates was performed using MUSCLE, and

the resulting alignment was used for phylogenetic analy-

sis. The phylogeny for BoV was performed using max-

imum likelihood criterion as implemented in MetaPIGA

v3.1 (39). The dataset was evaluated for saturation and

ambiguous sequences; furthermore, excessively gapped

regions were trimmed using the TrimAl (40) tool available

in MetaPIGA. Bayesian Information Criterion was used

to select the best model for the dataset; GTR model with

rate heterogeneity and 1,000 bootstrap replicates was

implemented and values less than 70% were collapsed.

Analysis of other viral isolates was performed using

Clustal W alignment as implemented in BioEdit; the sub-

sequent phylogenies were constructed using Neighbour-

joining method as executed in Mega 6 (41), using maximum

composite likelihood model and 1,000 bootstrap replicates.

Taxa are displayed with accession number, virus and

genotype, strain name, country of origin, and year of isola-

tion, provided the data are available on GenBank. Isolates

from this study are highlighted with a filled circle (m).

Accession numbers

Sequence data obtained from this study are available on

online nucleotide database GenBank, with the following

accession numbers: porcine bocaparvovirus KJ923321�
KJ923327, porcine adenovirus 3 KJ923328, porcine

circovirus 1 KJ923329, RVA G9 KJ923330, RVA P[6]

KJ923331, RVA G5 KJ923332, RVA P[13] KJ923333.

Results

Detection of PBoV and other porcine gastroenteritis

viruses
In this study, 104 archived faecal specimens from a pig

farm in Ireland were investigated for the presence of

bocavirus and other selected gastroenteritis viruses. Initi-

ally, specimens were pooled (n�26, pools of 4) prior to

analysis and results of initial screening were as follows:

group 1 PBoV (2/26), group 2 PBoV (13/26), group 3 PBoV

(18/26), PAdV (8/26), PCV1 (1/26), and RVA (10/26)

(Tables 1 and 2). Subsequently, individual positive speci-

mens were re-analysed and further characterised from

Table 1. Results of initial screening of pooled samples

Pool no. RVA PCV1 PAdV PBoV1 PBoV2 PBoV3

P1 � � � � � �

P2 � � � � � �

P3 � � � � � �

P4 � � � � � �

P5a � � � � � �

P6 � � � � � �

P7 � � � � � �

P8 � � � � � �

P9a � � � � � �

P10a � � � � � �

P11a � � � � � �

P12a � � � � � �

P13a � � � � � �

P14 � � � � � �

P15a � � � � � �

P16 � � � � � �

P17 � � � � � �

P18a � � � � � �

P19 � � � � � �

P20 � � � � � �

P21a � � � � � �

P22 � � � � � �

P23a � � � � � �

P24 � � � � � �

P25 � � � � � �

P26a � � � � � �

Total 10 1 8 2 13 18

aDenotes pooled specimens were investigated.
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11 selected pools (n�44 individual samples). The 44 speci-

mens were analysed individually using PCR/RT-PCR

described previously; of these, 16% (n�7/44) were positive

for RVA, 25% were positive for PAdV (n�11/44), 2% were

positive for PCV1 and group 1 PBoV (n�1/44), 25%

were positive for group 2 PBoV (n�11/44), and 57% were

positive for group 3 PBoV (n�25/44). Many of the PBoV-

positive specimens had more than one PBoV group present

(48%, n�12/25), or were positive for other additional

viruses; of these, 27% (n�12/44) had �2 viruses. RVA,

PCV1, and PAdV were found in some of the PBoV-positive

specimens (n�25), the most common additional virus was

AdV (44%, n�11/25), while 18% of specimens appeared to

have single PBoV infections. The frequency of mixed

infections, including RVA, PAdV, group 2 or 3 PBoV, in

individual specimens is represented using a mosaic plot

(Fig. 1), correlation disparity is measured using Pearson

residuals.

Phylogenetic analysis

The phylogeny for PBoV isolates (Fig. 2) reveals three

major clades, similar to those described in Refs. (10) and

(12). Group 1 and 3 PBoV form distinct monophyletic

groups, in comparison to group 2 PBoV, which forms a

paraphyletic group within a large monophyly, including

other animal and human bocaviruses. Group 2 PBoV

Table 2. Selected pools containing positive results which were subsequently analysed individually

Specimen number

Pool no. RVA PCV1 PAdV PBoV1 PBoV2 PBoV3

P5 19 20 � � � 20

P9 � � � 61 � 61

P10 45 � � � 56 56

P11 43, 48 � 50 � � 43

P12 53, 51 � � � � 54, 57

P13 � � � � 58 58, 63, 60

P15 49 � � � 68 68, 77, 99

P18 � � 81, 79, 82, 83 � 79, 81, 82, 83 79, 81, 82, 83

P21 � � 94, 96, 98 � 94, 98 94, 98, 96

P23 � � 103, 80 � 103, 95 103, 80, 55, 95

P26 � � 97 � � 90, 97

Fig. 1. Mosaic plot of viral diversity within individual specimens as displayed in Table 1; graph constructed using R package.
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Fig. 2. Maximum likelihood phylogeny of porcine bocavirus, including human and animals isolates. Isolates from this study are

indicated with a filled circle (m).
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were more related to other animal BoV than to HBoV.

Subgroups for group 3 PBoV have been proposed in

previous publications (10, 12), but, depending on the

gene being investigated, these subgroups do not consis-

tently cluster together.

Phylogenies for other viruses were also determined;

Figure 3 indicates that the PCV1 isolated in this study is

closely related to the Hungarian wild boar isolate WB-H-

8, although the corresponding bootstrap value does not

support this relationship (B70%). Figure 4 reveals that

PAdV from this study is related to PAdV 3, similar to the

reference strain IAF and wild-type isolates from Spain.

Two RVA isolates were sequenced to determine the G and

P types, these isolates were genotyped as G5P [13] and

G9P [6] (Figs. 5 and 6). Phylogenetic analysis revealed

greater genetic diversity of G5P[13] than in the G9P[6]

strain. For G9P[6], the VP7 gene tree shows that G9 has a

strong relationship with the Irish porcine RVA from a

previous study; clustering within lineage VI, the VP4 gene

tree indicates that P[6] is similar to other porcine and

human strains within lineage I. For G5P[13], the tree

shows more marked genetic diversity within the VP7 gene

tree, G5 clusters within lineage I, a different lineage to

previously described Irish isolates, and P[13] also displays

greater diversity to previously isolated Irish strains.

Discussion
In this study, archived porcine faecal specimens were

investigated for the presence of viruses proven or

implicated in having a role in gastroenteritis, including

the novel DNA virus, PBoV. Other porcine viruses

(rotavirus A, porcine circovirus, adenovirus) were also

investigated as there is still ongoing debate as to whether

PBoV is a true pathogen or an opportunistic infection

(22, 42). In other animals, there is increasing evidence

that BoV is a true pathogen found in respiratory and

gastrointestinal disease cases, but the pathology is still

unknown (18, 20, 42, 43). In this study, 48% of PBoV-

positive specimens contained more than one group of

PBoV, while 48% were positive for other viruses. The

most commonly detected additional virus was AdV (48%),

followed by PCV and RVA, which were each detected in

4% of PBoV-positive specimens. A mosaic plot represent-

ing the frequency of mixed infections including RVA,

PAdV, group 2 or 3 PBoV was constructed (Fig. 1),

FJ475129 PCV1/BJ-1/China/2008

FJ159693 PCV1/NT70719/China/2007

GQ449671 PCV1/HRB-09/China/2009

JN133303 PCV1-tc/CCL33-UGent/Belgium

AY193712 PCV1-tc/PCV1/China

JN398656 PCV1/PCV1-G/China/2006 

KJ408799 PCV1/PCV1-Hun/Hungary/2011

HM143844 PCV1/PCV3 Rotarix con1/USA/2009

PCV1/CIT 50/Ireland/2007

DQ648032 PCV1/WB-H-8/Hungary/xxxx

AY754014 PCV1/Aust 3/Australia/xxxx

AY754013 PCV1/Aust 2/Australia/xxxx

FJ790425 PCV1/2a/FMV09-1134568/Canada/2009

FJ655419 PCV1/2a/FMV08-1133505/Canada/2008

AY256459 PCV2/336/Hungary/200x

EU302141 PCV2/INDON07-P09-07-07Lg2/Indonesia/xxxx

AF154679 PCV2/MLTW98/Taiwan/xxxx

EF565343 PCV2/DK406case/Denmark/200x

FJ660969 PCV2/DBN-08/China/2007

HM776452 PCV2/YN-8/China/2009

HQ591381 PCV2/1314-09-1/Croatia/200999
86

73

100

83

100

83

84

0.02

Fig. 3. Neighbour-joining phylogeny of porcine circovirus types I and II, based on partial REP and capsid genes. Isolates from this

study are indicated with a filled circle (m).
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Pearson residuals suggest that there is a strong correla-

tion between PBoV and PAdV, but further large-scale

investigations are necessary to confirm this relationship.

As only a subset of the total number of specimens were

examined individually using PCR/RT-PCR, these figures

are not completely representative but are indicative of the

wide diversity of gastrointestinal viruses detected in the

samples.

Since the discovery of PBoV in 2009, five putative

species have been identified through the use of ICTV

guidelines (B95% homology) (11). Members of genus

parvovirus have been suggested to have mutation rates

similar to that of RNA viruses (44, 45); in addition, BoV

have been noted to undergo a high incidence of genetic

recombination (5, 21). Considering these factors, a B95%

homology value was too low for accurate identification of

new species. Recent release of ICTV guidelines stipulate

new Parvoviridae species are identified by B85% homol-

ogy of the NS1 gene. In addition, the nomenclature of

taxonomic groups has also been changed and this has

also been incorporated in this manuscript. Typically,

three major monophyletic groups can be identified as

outlined in previous reports 10, 12); group 1 contains

isolates from species 1, including original isolate Swebo;

group 2 consists mainly of species 2 isolates, and group 3

contains species 3�5; in addition, group 3 contains

viruses from the same species that do not cluster together.

In the BoV phylogeny displayed here (Fig. 2), three

major monophyletic groups can be identified; two of

these groups are exclusively PBoV groups 1 and 3,

containing no other human or animal isolates. Group 2

PBoV, however, is part of a large monophyletic group

which contains other animal and human BoV; in addi-

tion, PBoV in this group are more closely related to other

animal BoV than to HBoV (Fig. 2). In general, Irish

isolates cluster together with isolates previously described

globally, displaying a high degree of diversity. For group 1

PBoV, only one isolate was sequenced; as seen from

previous studies, there is very low genetic diversity in this

group. CIT-B1.61 has 98.4�99.8% sequence identity to

other isolates in group 1 PBoV. Group 2 PBoV isolates

from this study (CIT-B2.68 and CIT-B2.94) have 93.9%

AY288813 PorcineAdV3/Por1/Spain/200x

AY288809 PorcineAdV3/Por6/Spain/200x

AY288810 PorcineAdV3/Por7/Spain/200x

AC 000189 PorcineAdV3

AB026117 PorcineAdV3

PorcineAdV3/CIT 20/Ireland/2007

AY288812 PorcineAdV3/Por9//Spain/200x

AY288811 PorcineAdV3/Por8/Spain/200x

DQ630759 OvineAdV6/WV41975

JN226752 HumanAdV25/USA/1956

DQ149629 HumanAdV32

AY530877 SimianAdV23/ATCC VR-592

AY530876 SimianAdV22/ATCC VR-591

NC 002702 PorcineAdV5

EU794687 CanineAdV2/cc0710QZ/China/2007

L79955 EquineAdV1

AF030154 BovineAdV3/WBR-1

JX885602 Eidolon helvumAdV1/Adeno 1 Hexon/Ghana/2009

AF207659 BovineAdV6/671130

NC 004037 OvineAdV7/OAV287/1994

AF207660 CaprineAdV1/NC90-7261

KC570877 HumanAdV3/N8630/TW/09-2/Taiwan/2009

AB685349 HumanAdV3/10 03215/Mongolia/2010100

95
100

100

99

72

94

96

81

99

99

80

0.1

Fig. 4. Neighbour-joining phylogeny of porcine adenovirus, including other animal and human adenoviruses, based on partial hexon

gene. Isolates from this study are indicated with a filled circle (m).
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identity to each other; overall, isolates within this group

share 87.8�96% identity. There was greater diversity

observed in group 3 PBoV in comparison. Irish strains

share 73.3�83.3% sequence identity; overall, group 3

PBoV has 73�98.5% identity to global isolates within this

group. Group 3 PBoV has been previously described in

Northern Ireland (28) and isolates CIT-B3.98 and CIT-

B3.57 appear to be more closely related to these isolates;

isolate CIT-B3.98 has 95.4% identity to the Irish isolate

64-1 (Accession no. JF512472), while CIT-B3.57 has

82.2% identity to isolate F41 (Accession no. JF512473).

Many of the PBoV-positive specimens described here

contain either more than one group of PBoV or other

potential pathogens. There is ongoing debate as to

whether BoV is a true pathogen or a passenger in which

co-infection is required for replication (12, 22, 23). The

original report of PBoV (group 1) was in the presence of

piglets that died from PWMS, with PCV2 aetiology (9).

Our study describes PCV1 with group 3 PBoV (CIT-20).

Although PCV1 is not considered pathogenic, there is

some limited data which suggest that PCV1 may have

potential to cause disease (46). RVA and PBoV have been

reported previously in an investigation into co-infection

and porcine diarrhoeal disease (24), but the isolates were

not genotyped. In our study, one specimen (CIT-43) was

positive for both RVA (G9P[6]) and group 3 PBoV. RVA

isolated from this study was for the most part similar to

isolates previously isolated from Ireland (Figs. 5 and 6)

RVA/Hum-wt/BGD/BD524/199x/G9P[X] 

RVA/Hum-wt/IRL/CIT408/2002/G9P[8]

RVA/Hum-wt/IRL/CIT-Bel7144/2011/G9P[8]

RVA/Hum-wt/IRL/CIT-H382/2009/G9P[X]

RVA/Hum-wt/IRL/CIT-254RV/199X/G9P[8]

RVA/Pig-wt/CHN/BJ-17-5/2011/G9P[X]

RVA/Pig-wt/CHN/NM-9/2011/G9P[X]

RVA/pig-wt/China/NMTL/2008/G9P[23]

RVA/Pig-wt/KOR/PRG921/2006/G9P[23]

RVA/Pig-wt/IRL/54-06/2006/G9P[6]

RVA/Pig-wt/IRL/CIT-43/2007/G9P[6]

RVA/Pig-wt/IRL/2B-05/2005/G9P[13][22]

RVA/Hum-wt/IND/116e/xxxx/G9P[11]

RVA/Hum-wt/CHN/97SZ37/1997/G9P[X] 

RVA/Hum-tc/USA/WI61/1983/G9P[8] 

RVA/Hum-wt/JPN/AU32/199x/G9P[X] 

RVA/Pig-wt/IRL/2F-05/2005/G5P[26]

RVA/Pig-wt/IRL/10-07/200x/G5P[X]

RVA/Pig-wt/IRL/CIT-53/2007/G5P[13]

RVA/Pig-wt/THA/CMP178/200x/G5P[13]

RVA/Pig-wt/BRA/agro20c2/2008/G5P[X]

RVA/Hum-wt/BRA/IAL-28/xxxx/G5P[X]

RVA/Pig-wt/ITA/134-04-15/200x/G5P[X]

RVA/Hor-wt/xGBR/H-1/1975/G5P[7]

RVA/Cow-wt/KOR/K158/200x/G5P[X]

RVA/Pig-wt/CAN/F8P4-B/2006/G2P[X]

RVA/Pig-wt/CAN/F8P4-A/2006/G2P[X]100
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Fig. 5. Neighbour-joining phylogeny of rotavirus A VP7 gene for genotypes G5 and G9. Isolates from this study are indicated with a

filled circle (m).
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(47), except for isolate CIT-53, which is the first report of

lineage 1 G5 rotavirus in Ireland. To our knowledge, this

is the first report of group 1 and group 2 PBoV in

Ireland; additionally, PBoV in the presence PAdV. The

majority of PBoV and PAdV 3 co-infections were with

group 3 PBoV (44%). The issue of diarrhoeal co-

infections in pigs has been investigated previously by

Zhang et al. (24), who reported that 75.1% of clinically

diseased animals had co-infections with up to four

pathogens. In our study, PBoV was isolated from

asymptomatic animals, which has also been noted in

previous studies (14�16).

The 2012 All-island Surveillance Report in Ireland on

a wide variety of animals including bovines, porcines,

equines, and ovines reported that enteritis was among the

leading causes of mortality in pigs (48). Currently, there is

no vaccine licensed for the prevention of viral enteritis in

piglets in Ireland and given the broad genetic hetero-

geneity of the strains detected in this study (and previous

studies in Ireland), it remains unclear whether this

diversity may pose a challenge for future prophylaxis

programmes for the prevention of enteritis in piglets.

This study, along with other previous studies (49),

indicates that a wide variety of enteric viruses are

circulating in piglets in Ireland; therefore, it will be

important to establish surveillance for such viral patho-

gens, including porcine bocavirus, circovirus, and adeno-

virus, to gather information on the genetic diversity

of these viruses and to plan more adequate measures of

control for porcine enteritis. A clear understanding of

viral diversity is still hampered by the fact that enteric

viruses are not included routinely in the diagnostic tests

RVA/Pig-wt/JPN/FGP65/2009/G4P[6]

RVA/Pig-wt/THA/CMP085/2009/G4P[6]

RVA/Hum-wt/CHN/LL4260/G5P[6]

RVA/Pig-wt/ITA/134/04-10/200x/GXP[6]

RVA/Hum-wt/CHN/R479/2004/G4P[6]

RVA/Pig-wt/IRL/CIT-43/2007/G9P[6]

RVA/Pig-wt/ITA/221/04-7/xxxx/GXP[6]

RVA/Hum-wt/PRY/1809SR/2009/G4P[6]

RVA/Hum-wt/ZAF/NB123/1986/G4P[6]

RVA/Bat-wt/4852/Kenya/2007/G25P[6]

RVA/Hum-wt/ITA/CEC06/2011/G6P[6]

RVA/Hum-wt/IRL/R330/200x/G2P[6]

RVA/Pig-tc/USA/Gottfried/1975/G4P[6]

RVA/Pig-wt/IRL/61/07/2007/GXP[32]

RVA/pig-wt/IRL/60/2007/GXP[26]

RVA/Pig-wt/ITA/134/04-15/200X/GXP[26]

RVA/pig-wt/IRL/2F/2005/GXP[26]

RVA/Pig-wt/IRL/1/2007/GXP[13]

RVA/Pig-wt/IND/hp140/xxxx/G6P[13]

RVA/Pig-wt/ARG/A46/xxxx/G5P[13]

RVA/Pig-wt/JPN/JP13-3/200x/G9P[13][22]

RVA/Pig-wt/IRL/CIT-53/2007/G5P[13]

RVA/Pig-wt/Can/F7P4-A/2006/G9P[13]

RVA/Pig-wt/JPN/TJ4-5/2010/P[13][22]

RVA/Pig-wt/IRL/2B/2005/GXP[13][32]
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Fig. 6. Neighbour-joining phylogeny of rotavirus AVP4 gene for genotypes P[6] and P[13]. Isolates from this study are indicated with a

filled circle (m).
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of porcine enteritis, and the information is limited. It is

likely that porcine enteritis has a multi-factorial nature,

with viruses and other micro-organisms acting in synergy,

yet under the influence of other factors, such as environ-

mental and social stress due to overcrowding and/or

incorrect management.

Pigs have been an assumed reservoir for previous human

epidemics such as influenza H1N1 and rotavirus G9

infections. Bocavirus/Bocaparvovirus is a recently described

virus genus which can be detected in humans and animals.

Although animal BoVs are relatively distinct from HBoV,

PBoV does appear to share greater genetic homology with

HBoV, based on NS1 gene (50). PBoV also appears to be

much more genetically diverse in comparison to other

animal and human BoV. To date, there have been no

reported cases of BoV zoonosis. However, monitoring and

surveillance of pathogens which can be isolated from

humans and animals is important to understand the risks

of zoonosis, approaches to vaccination, and implications

for both human and animal health.
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