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Abstract

Porcine circovirus 3 (PCV-3) was discovered in 2015 using next-generation sequenc-
ing (NGS) methods. Since then, the virus has been detected worldwide in pigs display-
ing several clinical-pathological outcomes as well as in healthy animals. The objec-
tive of this review is to critically discuss the evidence existing so far regarding PCV-
3 as a swine pathogen. In fact, a significant number of publications claim PCV-3
as a disease causal infectious agent, but very few of them have shown strong evi-
dence of such potential causality. The most convincing proofs of disease association
are those that demonstrate a clinical picture linked to multisystemic lymphoplasma-
cytic to lymphohistiocytic perivascular inflammation and presence of viral nucleic acid
within these lesions. Based on these evidence, individual case definitions for PCV-3-
reproductive disease and PCV-3-systemic disease are proposed to standardize diag-
nostic criteria for PCV-3-associated diseases. However, the real frequency of these
clinical-pathological conditions linked to the novel virus is unknown, and the most fre-
quent outcome of PCV-3 infection is likely subclinical based on its worlwide distribu-

tion.

KEYWORDS
case definition, disease causality, porcine circovirus 3 (PCV-3), reproductive disease, systemic dis-
ease

(Czyzewska-Dorsetal., 2020; Franzo et al., 2019; Jianget al.,2019; Sun
etal, 2019; Wang, Sun, et al., 2019).

Porcine circovirus 3 (PCV-3) was discovered in the United States
(2015) by next-generation sequencing (NGS) methods in swine
affected by respiratory and neurological signs, cardiac and multi-
systemic inflammation, reproductive failure and a porcine dermati-
tis and nephropathy syndrome (PDNS)-like condition (Palinski et al.,
2017; Phan et al., 2016). Since then, the virus has been detected in
Suidae species (domestic swine and wild boar) from many countries

all over the world as well as occasionally in some non-Suidae species

Following the first descriptions, PCV-3 has been detected in pigs
displaying several clinical-pathological outcomes, such as respiratory
disease (Kedkovid, Woonwong, Arunorat, Sirisereewan, Sangpratum,
Lumyai et al.,, 2018; Qi et al., 2019; Shen et al., 2018; Zhai et al,,
2017), digestive disorders (Qi et al., 2019; Zhai et al., 2017), congenital
tremors (Chen et al., 2017), rectal prolapse (Phan et al.,, 2016), repro-
ductive problems (Arruda et al., 2019; Deim et al., 2019; Faccini et al.,
2017) and multisystemic inflammation (Arruda et al., 2019; Phan et al.,
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2016). Additionally, this novel virus has been detected in healthy ani-
mals of different ages and countries (Franzo, Legnardi, et al., 2018;
Klaumann et al., 2019; Klaumann, Correa-Fiz, et al., 2018; Klaumann,
Franzo, et al., 2018; Saporiti, Huerta, et al., 2020; Stadejek et al., 2017;
Yeet al., 2018; Zhai et al., 2017).

After those initial and further studies on PCV-3 detection in pigs
with different pathological outcomes (Klaumann et al., 2018), it was
rapidly accepted as a potential swine pathogen worldwide by the vet-
erinary community. This is in sharp contrast with the history of another
porcine circovirus, PCV-2, whose causal association with a deadly con-
dition (the so-called post-weaning multisystemic wasting syndrome,
PMWS) was debated for a long time (Segalés et al., 2013). In fact, only
the advent of PCV-2 vaccines almost a decade after PMWS description
served to close the debate; vaccination was extremely efficient in coun-
teracting PMWS, afterwards called PCV-2-systemic disease (Segalés,
2015). It is tempting to speculate that the previous experience with
PCV-2 as a pathogen favoured the acceptance of PCV-3 as a such.

There are several parallelisms between PCV-2 and PCV-3, since
both are very similar from a molecular organization point of view
(Franzo et al., 2018) and they have been detected retrospectively many
years before their first identification/report in potential association
with disease (Jacobsen et al., 2009; Rodrigues et al., 2020). In turn, sig-
nificant differences also apply, since PCV-2 evolves much more rapidly
than PCV-3 (Franzo, Segalés, et al., 2018), aremarkably higher genomic
variability has been detected in PCV-2 compared to PCV-3 (Franzo
et al., 2020) and PCV-2 was discovered in the context of a new disease
with epidemic proportions worldwide, while that has not been the case
with PCV-3 (Opriessnig et al., 2020). Morover, with regards the amino-
acid (aa) similarity, PCV-3 is far distant from PCV-2, with an identity of
Cap and Rep proteins around 26%-37% and 48%, respectively (Palinski
etal,2017; Phanetal., 2016).

Therefore, the objective of this review is to critically discuss the evi-
dence existing so far regarding PCV-3 as a swine pathogen and to pro-
pose a disease case definition for these conditions that show a rather
strong causal relationship.

2 | DISEASE ASSOCIATION

2.1 | Naturally occurring PCV-3 infection
Presence of PCV-3 genome in a sick animal does not entail that this
virus is the cause of the clinical signs or lesions. Moreover, most of
the studies on PCV-3 detection lack of proper negative controls (age-
matched, healthy pigs) to compare with, further complicating the inter-
pretation of the causal association between viral infection and disease.
Literature linking PCV-3 with different disorders is extensive
already, mainly regarding respiratory, digestive, reproductive and neu-
rological signs. However, most of these studies do not provide informa-
tion on viral genome detection in healthy pigs from the same farms; a
number of them only offer PCV-3 DNA detection by means of molecu-

lar methods, without showing evidence of viral presence in the lesions
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of affected animals. Only few reports combine the detection of PCV-
3 within the lesions, using mainly in situ hybridization (ISH) (Arruda
et al,, 2019; Kim, Park, et al., 2018; Phan et al., 2016; Saporiti et al.,
2021; Vargas-Bermudez et al., 2021; Williamson et al., 2021). In these
studies, myocarditis, periarteritis and/or encephalitis were the most
significant lesions associated with the presence of PCV-3 nucleic acid
in fetuses, stillborn and weak-born piglets, while myocarditis, systemic
periarteritis and/or dermatopathy associated to necrotizing vasculitis
were observed in weaned pigs, respectively. Also, one study pointed
out that PCV-3 genome was found in a case resembling proliferative
necrotizing pneumonia, but pictures offered in the publication are not
indicative of this pathological condition (Kedkovid, Woonwong, Aruno-
rat, Sirisereewan, Sangpratum, Lumyai et al., 2018).

Tables 1-5 summarize current studies, performed in different coun-
tries, that have detected PCV-3 DNA in tissues from different clinical-
pathological conditions in domestic swine, indicating the production
phase of affected pigs, tested samples, proportion of PCV-3 PCR detec-
tion in sick animals and in healthy control animals (when available).
Besides, Table 6 includes the studies that detected PCV-3 genome in

healthy animals.

2.2 | PCV-3in co-infection with other pathogens
Being a worldwide spread virus, PCV-3 has been found in many studies
in co-infection with other pathogens such the ones listed in Table 7. The
existence of such mixed infections in diseased animals emphasizes the
need to study the differential pathogenicity of PCV-3 alone or in co-
infection . PCV-2 co-infection with other pathogens has been proven
to lead to more severe disease presentation under field (Opriessnig &
Halbur, 2012) and experimental (Tomas et al., 2008) conditions. The
impact of PCV-3 co-infection with other agents is currently unknown
and a potential and vast field of further research.

2.3 | Experimental infections with PCV-3

The pathogenesis of PCV-3 infection is still a mystery. Several limita-
tions account for such paucity of knowledge, including the very scarce
availability of virus isolates (Mora-Diaz et al., 2020; Oh & Chae, 2020),
the lack of serologically and virologically free pigs and the widespread
nature of the virus, that make very difficult to get suitable tools, animals
and conditions to perform experimental infections. Some laboratory
reagents have been generated for intra-laboratory use only (Li et al.,
2018; Zhang et al., 2019), but they have not been apparently validated
by other research groups.

In consequence, only three experimental infections have been pub-
lished in the literature to date, all of them using nursery aged pigs (4-
to 8-week-old). Two of them were done by the same research group
in the United States by means of a cell culture propagated virus (1 mL
intranasal [IN] and 1 mL intramuscular [IM] of 6.6 x 101° genomic

copies/mL) (Mora-Diaz et al., 2020) or tissue homogenate containing
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TABLE 2 PCV-3PCRdetection in pigs suffering from enteric disorders

Clinical signs/lesions Production phase Tested samples

Diarrhea Nursery Fecal samples
Diarrhea/vomiting Suckling Intestinal tissues/

fecal samples
Digestive disorders/catarrhal Nursery/growing Sera

en- teritis with or without
villi atrophy and fusion, and
catarrhal colitis

[ransboundary and Emeriné Disea es?} e
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% (and proportion) of PCR

positivity

Diseased Healthy

animals animals Country Reference
17.14% (6/35) 2.86% (1/35) China Zhaietal, 2017
10.4% (50/480) 0.0% (0/42) China Qietal., 2019
5.5% (7/126) 6.6% (4/60) Spain Saporiti, Cruz,

etal., 2020

*The type of samples analyzed in control animals (feces) was different from the ones used in diseased pigs (intestinal tissues) .

high PCV-3 load (2 mL IN of 3.38 x 1012 genomic copies/mL and 2 mL
IM of 1.04 x 101! genomic copies/mL and re-inoculated after 7 days
through the same routes and with the same doses), with or without
keyhole limpet hemocyanin emulsified inincomplete Freund’s adjuvant
(KLH/ICFA) (Temeeyasen et al., 2021). The third one was performed
by a Chinese research group, using a PCV-3 infectious clone (2 mL IN
of 10433 TCID50/mL), with or without KLH/ICFA (Jiang et al., 2018).
The group inoculated with KLH/ICFA also received a infectious booster
after 4 days (Jiang et al., 2018).

The first two studies used caesarean-derived, colostrum-deprived
piglets and no clinical signs upon inoculation occurred. However,
mild-to-moderate lesions consisting of multisystemic inflammation
and perivasculitis were observed, associated with a low to moderate
amount of PCV-3 genome detected by ISH within the lesions (Mora-
Diaz et al., 2020; Temeeyasen et al., 2021). These data mirror the lim-
ited number of studies on PCV-3 naturally infection cases (A; Arruda
etal.,2019; Phanetal., 2016; Saporiti et al.,2021), in which myocarditis
and periarteritis were the dominant histological findings. Importantly,
the experimental inoculation of the virus caused a detectable antibody
response around 7-10 days post-challenge (DPC) in both studies, but
with different profiles; IgM response dominated in one study (Mora-
Diaz et al., 2020) and IgG in the other (Temeeyasen et al., 2021). The
virus was detected in serum as soon as 3 days after inoculation until
the end of the experiment at 42 DPC (Temeeyasen et al., 2021).

The Chinese study used specific pathogen-free animals inoculated
with a PCV-3 infectious clone together or not with KLH/ICFA (Jiang
et al, 2018). In contrast to previous studies, fever was observed
in the challenged pigs, which showed anorexia, coughing, sneez-
ing, diarrhoea and respiratory signs; also, skin lesions consisting of
multifocal papules were observed by 15 DPC until the end of the
experiment (28 DPC). Although the authors indicated that PDNS was
reproduced (Jiang et al., 2018), the reported kidney histopatholog-
ical lesions were not compatible with systemic necrotizing vasculi-
tis and fibrino-necrotizing glomerulonephritis, the well-known micro-
scopic lesions of PDNS (Segalés, 2012). Therefore, based on current
evidence, it is not possible to claim that PDNS has been reproduced by
means of a PCV-3 experimental inoculation. Importantly, detection of

this virus in tissues was attempted by immunohistochemistry, but pub-

lished images (Jiang et al., 2018) are difficult to be interpreted.

2.4 | Proposal of case definition for PCV-3
associated diseases

The sole detection of an endemic virus in tissues or other biological
samples is not enough to establish a causal association or to establish
disease diagnoses (Arruda et al., 2019). Most studies so far published
on PCV-3 detection in diseased animals have been based on molecu-
lar methods, with very few of them reporting macro- or microscopic
lesions and even less using methods detecting the genome of the virus
inthe observed lesions (Arrudaet al., 2019; Kim, Park, et al., 2018; Phan
et al., 2016; Saporiti et al., 2021). Therefore, the latter studies asso-
ciating the presence of the viral genome with the lesions provide the
strongest evidence of this virus in association with pathological condi-
tions.

The establishment of disease diagnosis criteria for widespread
pathogens is not an easy task. A good example of such a scenario would
be a relative of PCV-3, PCV-2. Three major criteria were proposed to
establish the diagnosis of PCV-2-systemic disease (Segalés & Domingo,
1999; Sorden, 2000): (1) presence of compatible clinical signs, mainly
wasting, (2) observation of moderate-to-severe histological lesions in
lymphoid tissues (lymphocytic infiltration and histiocytic infiltration)
and (3) detection of moderate to high amount of PCV-2 within such
lesions. Such criteria were crucial to provide an ordered, concise and
systematic approach for diagnosing a disease that was considered new
by the end of the 1990s and early 2000s. Based on the general reluc-
tance to accept that PCV-2 was truly pathogenic for swine at that time
(Segalés et al., 2013), such demanding case definition guaranteed the
necessary strictness and was found acceptable for most members of
veterinary and scientific communities. The description of a novel PCV
(PCV-3) almost 20 years after the report of PMWS was taken with
more caution, and despite the lack of an associated severe and globally
distributed disease, veterinarians and scientists have been more open-
minded to accept its potential disease causality.
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TABLE 4 PCV-3PCRdetection in pigs suffering from neurological disorders

Clinical signs/lesions Production phase

Neurological signs Suckling Tissue pool
Congenital tremors Suckling Brain
Congenital tremors, neurological Suckling Brain, other
signs in piglets after birth and tissues
multisystemic inflammation/
non-suppurative
encephalomyelitis
Tremors, weak-born neonatal Suckling Brain, other
piglets/myocarditis, tissues

encephalitis, gliosis and
lymphocytic perivascular
cuffing

*NGS results.

Tested samples

% (and proportion) of PCR positivity

NA: non-available information in the published manuscript; NI: not included in the published manuscript.

TABLE 5

Clinical signs/lesions Production phase Tested samples

Myocarditis/periarteritis Suckling/nursery/ Several tissues
fattening
PDNS NA Several tissues
PDNS Sows Pooled tissues
PDNS/acute deaths/ Nursery Several tissues
myocarditis/arteritis/
periarteritis
PDNS/systemic inflammation Nursery and Kidney and
fattening spleen
Myocarditis/arteritis/ Nursery Several tissues

periarteritis

Arthrogryposis Stillborn piglets Several tissues

PCV-3 PCR detection in pigs suffering from other conditions not listed in previous tables

Diseased animals Healthy animals  Country  Reference
100.0% (1/1)" NI USA Phanetal., 2016
100.0% (7/7) NI China Chenetal., 2017
100.0% (3/3) NI UK Williamson et al.,
2021
100.0% (2/2) NI USA Arrudaetal.,
2019
% (and proportion) of PCR positivity
Diseased animals Healthy animals Country Reference
100.0% (3/3)’ NI USA Phanetal., 2016
93.8% (45/48) NI USA Palinski et al.,
2017
NA* NI USA Palinski et al.,
2017
100.0% (11/11) NI USA Arruda et al.,
2019
40-50% NI Russia Yuzhakov et al.,
(depending on 2018
tested tissue)
100% (4/4) 100% (2/2)" Portugal Alomar et al.,
2021
100.0% (4/4) NI UK Williamson et al.,

2021

*NGS results. ** Viral load was higher in sick animals; by in situ hybridization, only diseased animals were positive.
NA: non-available information in the published manuscript; NI: not included in the published manuscript.

In any case, and following the path paved by PCV-2 diagnos-
tic approach (Segalés, 2012), the existence of PCV-3 associated dis-
ease (PCV-3-AD) diagnostic criteria would help in placing the novel
virus into the general context of swine disorders. Therefore, based
on existing information that provide clinical, pathological and viro-
logical assessments of PCV-3 infection cases (Arruda et al., 2019;
Kim, Park, et al., 2018; Phan et al., 2016; Saporiti et al., 2021), the
authors would like to propose two major disease outcomes related
with PCV-3infection: PCV-3-reproductive disease (PCV-3-RD) in sows
and fetuses/neonatal piglets and PCV-3-systemic disease (PCV-3-SD)
in pre- and post-weaning pigs (Table 8, Figure 1). The authors consider
that PDNS, which has been linked with PCV-3 infection by some studies

(Jiang et al., 2018; Palinski et al., 2017; Yuzhakov et al., 2018), does not
fulfil so far specific criteria demonstrating a putative etiological asso-
ciation with PCV-3 based on clinical, pathological, virological and epi-

demiological facts.

3 | DISCUSSION

Traditionally, swine veterinarians have dealt with overt diseases, with
the main task of counteracting them and improving the profitability of
farms. Several decades ago, the most important diseases affecting pigs

were considered mostly ‘unifactorial’, in which the unique presence
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TABLE 6 PCV-3PCRdetection in healthy pigs

Clinical

signs/lesions Production phase Tested samples

Asymptomatic Weaning/growing/ Oral fluids
finishing

Asymptomatic Sows/fetuses Tissues

Asymptomatic Sows (in lactation) Sera

Asymptomatic Sows Sera

Sows and fetuses Tissues (brain and

lung)

Asymptomatic

Asymptomatic Different production Tissues and sera

phases

Asymptomatic Different production Tissues, sera and

phases nasal swabs
Asymptomatic Different production Pool of sera
phases
Asymptomatic Non-available Lymph node
tissues

Tissues, serum
and nasal swabs

Asymptomatic Growing

Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera
Asymptomatic Nursery/finishing Sera

of the infectious agent was sufficient to cause disease or production
losses. However, the current worldwide swine disease scenario is dom-
inated by disorders that are considered of ‘multifactorial’ nature, since
the mere presence of the agent is not sufficient to induce the disease
(Segalés, 2013). Moreover, most of the new swine pathogens discov-
ered inthe last 20 years are infectious agents that (1) had been circulat-
ingin pigs for extended periods but remained undetected until recently
or (2) infectious agents that had newly emerged in swine because of
host species jump and further evolution (Fournié et al., 2015). Detec-
tion of these novel pathogens has been driven by advances in diag-
nostic methods such as broad-range PCR and NGS methods (Blom-
strom, 2011), as well as increased surveillance efforts and particu-
lar research interests (Fournié et al, 2015). PCV-3 is an excellent

example of a virus discovered through NGS that has been circulat-
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% (and proportion)

of PCR positivity Country Reference

43.4% (142/327) South Korea Kwon et al., 2017

59.5%(132/222) China Zhengetal., 2017

47.3% (18/38) Thailand Kedkovid, Woonwong,
Arunorat,
Sirisereewan,
Sangpratum,
Kesdangsakonwut,
etal, 2018

15.7% (19/121) Spain Saporiti, Martorell,

33.7% (86/255) sitel, 20U

56.4% (44/78) Denmark Franzo, Legnardi, et al.,
2018

37.4% (37/99) Italy

15.0% (14/94) Spain

NA Sweden Yeetal., 2018

5.9% (5/90) Poland Stadejek et al., 2017

10% (7/73) Spain Klaumann, Franzo,
etal., 2018

6.4% (7/110) Spain Saporiti, Huerta, et al.,

13.0% (13/100) Belgium 2020

10.4% (7/67) France

6.3% (5/80) Germany

4.5% (3/67) Italy

6.3% (5/80) Denmark

14.0% (7/50) The

Netherlands
4.0% (2/50) Ireland
15.0% (3/20) Sweden

ing for an extended period before its first detection (Rodrigues et al.,
2020) and for which the surveillance efforts, mainly linked to research,
have remarkably increased in the last 5 years (Opriessnig et al.,
2020).

In contrast with PCV-2, PCV-3 was not discovered because of the
emergence/identification of a new disease with severe impact on swine
production, but as an extra-diagnostic effort on cases with different
clinical outcomes and lack of etiologic diagnosis (Palinski et al., 2017;
Phan et al., 2016). This starting point prompted the search for PCV-3
employing molecular methods, which was soon demonstrated to be a
widespread virus in the swine population (Klaumann, Correa-Fiz et al.,
2018). Unlike PCV-2, isolation of PCV-3 in cell culture was unsuccess-
ful (Faccini et al., 2017; Palinski et al., 2017) until recently (Mora-Diaz
et al,, 2020; Oh & Chae, 2020), and the availability of virus isolates
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TABLE 7 List of pathogens found concomitantly with the presence of PCV-3 in domestic swine

Pathogen
PCV-2

Porcine reproductive and respiratory

syndrome virus (PRRSV)

Porcine parvovirus (PPV)

Classical swine fever virus (CSFV)

Porcine epidemic diarrhea virus (PEDV)

Atypical porcine pestivirus (APPV)

Porcine kobuvirus (PKV)

Porcine pseudorabies virus (PRV)

Porcine sapelovirus (PSV)

Porcine bocavirus (PBoV)

Torque teno sus virus (TTSuV1 and 2)

Streptococcus spp

Country
China

South Korea

Thailand

Poland
USA

European
countries

Brazil

Colombia

Spain
Thailand

South Korea

China
Spain
China
Brazil

China

China
China
UK

China
China

China
China
China
USA
Thailand

South Korea

% (and proportion) of PCR
positivity for PCV-3

15.8% (35/222)
39.4%(52/132)
30.0% (3/10)
70.0% (28/40)
1.9% (3/159)
6.78% (32/472)
28.3% (13/46)
19.3% (11/57)
20.0% (1/5)

4.8% (8/166)
5.4% (115/2125)
2.6% (16/624)

78.3% (216/276)
24.0% (12/50)

1.9% (1/53)
20.0% (1/5)

100.0% (2/2)
43.8% (25/57)
0.6% (1/159)
3.8% (2/53)
20.0% (8/40)
58.7% (162/276)
90.0% (9/10)
2.5% (1/40)
NA

NA

42.8.% (3/7)
NA

NA

5.0% (2/40)
NA

NA

50% (66/132)
NA

20.0% (1/5)

100.0% (2/2)

el es*“} *
3

Reference

Kuetal, 2017
Zhengetal,, 2017
Sunetal., 2018
Zhaoetal.,, 2018
Chenetal., 2019
Xiaetal, 2019
Kimetal, 2017

Kim, Nazki et al., 2018

Kedkovid, Woonwong,
Arunorat, Sirisereewan,
Sangpratum, Lumyai,
etal., 2018

Wozniak et al., 2019
Wang, Noll et al., 2019

Saporiti, Huerta et al.,
2020

Dal Santo et al., 2020

Vargas-Bermudez et al.,
2021

Saporitiet al.,, 2021

Kedkovid, Woonwong,
Arunorat, Sirisereewan,
Sangpratum, Lumyai,
etal., 2018

Kim, Park et al., 2018
Kim, Nazki, et al., 2018
Chenetal,, 2019
Saporiti et al.,, 2021
Zhaoetal.,, 2018

Dal Santo et al., 2020
Sunetal., 2018
Zhaoetal., 2018
Chenetal., 2017
Chenetal., 2017
Williamson et al., 2021
Chenetal,, 2017
Chenetal, 2017
Zhaoetal.,, 2018
Chenetal., 2017
Chenetal., 2017
Zhengetal., 2018
Phanetal., 2016

Kedkovid, Woonwong,
Arunorat, Sirisereewan,
Sangpratum, Lumyai,
etal,2018

Kim, Park, et al., 2018

(Continues)
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TABLE 7 (Continued)
Pathogen Country
Glaeserella parasuis USA
Mycoplasma hyorhinis USA

South Korea

Thailand

Mycoplasma hyopneumoniae

Pasteurella multocida

Leptospira spp Brazil

NA: non-available information in the published manuscript.

el es*} *

by
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3

% (and proportion) of PCR

positivity for PCV-3 Reference

NA Phanetal, 2016

NA Phanetal., 2016

100.0% (2/2) Kim, Park, et al., 2018

NA Kedkovid, Woonwong,
Arunorat, Sirisereewan,
Sangpratum, Lumyai,
etal, 2018

9.4% (26/276) Dal Santo et al., 2020

TABLE 8 Proposed diagnostic criteria for the individual case definition of PCV-3 associated diseases (PCV-3-AD)

PCV-3-AD proposed name (acronym)
PCV-3-reproductive disease (PCV-3-RD)

Main clinical sign

Late abortion, malformations, 1.

Individual diagnostic criteria

Late reproductive problems and higher

mummified fetuses, stillborn perinatal mortality

fetuses, weak-born piglets 2. Multisystemic lymphoplasmacytic to
lymphobhistiocytic perivascular
inflammation

3. Moderate to high amount of PCV-3 genome
in damaged tissues
PCV-3-systemic disease (PCV-3-SD) Wasting, weight loss, ill thrift or 1. Weight loss, rough hair, neurological signs
poor-doers, neurological signs 2. Multisystemic lymphoplasmacytic to

or other reagents is extremely restricted still today. Therefore, the
progress made on PCV-3 pathogenesis knowledge, immunity and diag-
nostic technique development is still very limited.

Nevertheless, evidence of PCV-3 involvement in certain patholog-
ical conditions is expanding. The presence of a particular infectious
agent within certain histopathological lesions of animals showing overt
disease, when consistently detected, is probably the strongest evi-
dence of potential disease causality. In such regards, a laboratory tech-
nique such as ISH has ultimately allowed detecting PCV-3 nucleic
acid within lesions of diseased animals. More specifically, the viral
genome has been detected at moderate/high amounts in fetuses and
stillborn/weak-born piglets from cases of reproductive disorders as
well as in pre- and post-weaning pigs with wasting, sudden death
or neurological signs showing multisystemic inflammatory infiltrates,
mainly at perivascular level (Arruda et al., 2019; Kim, Park, et al., 2018;
Phan et al., 2016; Saporiti et al., 2021; Williamson et al., 2021). There-
fore, the existing combination of clinical, pathological and virological
data provides a potential diagnostic framework for PCV-3-AD case def-
inition.

In summary, compiled data on PCV-3 knowledge so far points it out
as a virus with pathogenic potential, implying the need to standardize

diagnostic criteria for at least reproductive and pre-/post-weaning dis-

lymphobhistiocytic perivascular
inflammation

3. Moderate to high amount of PCV-3 genome
in damaged tissues

orders. Such proposal is independent of the frequency, geographic dis-
tribution or economic impact of PCV-3-AD, which are rather unknown
at present. While the PCV-3-SD in pre- and post-weaning pigs has
been scarcely diagnosed at a global level to date (Arruda et al., 2019;
Williamson et al., 2021), PCV-3-RD (Arruda et al., 2019; Saporiti et al.,
2021; Williamson et al., 2021) seems to occur more often. So far, how-
ever, the most frequent presentation of this viral infection is likely sub-
clinical, and its potential health and economic impact on the swine
industry worldwide is to be determined.
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FIGURE 1 Proposed diagnostic criteria for the individual case definition of PCV-3-associated reproductive (A, B, C) and systemic disease (D, E,
F). PCV-3-reproductive disease: (A) stillborn piglet from a litter with a late reproductive problem characterized by increased percentage of
stillborn and weak-born piglets, (B) mild-to-moderate mononuclear inflammatory infiltrates in the arterial wall of the fetal spleen and (C) moderate
to high amount of PCV-3 nucleic acid in the damaged arterial area. PCV-3-systemic disease: (D) clinical picture of a pig showing wasting, (E)
moderate-to-severe non-suppurative arteritis in the heart and (F) high amount of PCV-3 genome in the damaged artery
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