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Global, local, and individual perspectives on porcine circovirus 
diseases (PCVD)
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Veterinaria, Universitat AutÒnoma de Barcelona, 08193 Bellaterra, Barcelona (Spain)

Introduction
Porcine circovirus type 2 (PCV2) is a ubiquitous virus 
infecting domestic pig and wild boar (Segalés et al., 
2005a). PCV2 was initially associated with postweaning 
multisystemic wasting syndrome (PMWS) by mid 90s, 
and since then it has also been linked to a number of 
diseases and conditions including reproductive failure, 
porcine dermatitis and nephropathy syndrome (PDNS), 
porcine respiratory disease complex (PRDC) and prolif-
erative necrotizing pneumonia. The terminology porcine 
circovirus diseases (PCVD) has been used to group all 
these conditions. However, a scientific demonstration of 
PCV2 causality in those pathologies has only been estab-
lished for PMWS and reproductive failure. On the other 
hand, PMWS is, by far, the most economically significant 
PCVD, since it has been estimated that PMWS costs (di-
rect and indirect losses) around 600 million Euros per year 
to the European Union (Armstrong and Bishop, 2004). 

Although much research has been done since 1997 to ad-
dress many of the questions concerning PMWS, many 
specific aspects of the disease still remain unknown and, 
for many researchers and practitioners PMWS remains a 
true mystery. Besides, there are also a number of general 
corner-stone questions that remain unanswered. The most 
significant one refers to the sudden appearance of epizootic 
outbreaks of PMWS worldwide by late 90s, or even the 
severe re-emergence of the disease in the Americas (both 
North and South-America). In a more local level, there are 
also many questions in regards why one farm is suffer-
ing from PMWS while another no, although all of them 
are infected by PCV2. In fact, a significant proportion of 
case-control epidemiological studies have been directed to 
try to answer this question. Finally, a third level question 
would be even more specific: why a pig infected by PCV2 
develops PMWS and another just a subclinical infection? 
Those three basic questions are poorly answered to date. 
Therefore, the objective of this paper is to review the known 
facts on these global, local and individual issues in regards 
PMWS, and to speculate about the potential answers to the 
previously mentioned corner-stone questions.

Global perspective or… Why did 
PMWS suddenly appear in the late 90s?
It is relatively unknown by many veterinarians and scien-
tists, but PMWS is not a new disease and PCV2 is not a 

new virus. Retrospective studies have shown evidence of 
PCV2 infection in pigs as early as 1969 in Europe (Sanchez 
et al., 2001) and 1973 in North-America (Ramírez-Men-
doza et al., 2006). Moreover, retrospective works have 
also demonstrated that PMWS diagnosed based on clini-
cal signs, characteristic histological lymphoid lesions and 
moderate to high amount of PCV2 within those lesions 
was already present in Europe by 1986 (Rodríguez-Ar-
rioja et al., 2003, Grierson et al., 2004a). However, in 
terms of prevalence, it makes sense to categorize those 
early cases as “sporadic PMWS”, while the proportion 
of disease cases after 1995-97 exploded suddenly as a 
worldwide (basically in Europe and Asia) epizootics 
(“epizootic PMWS”). Although much research has been 
performed over the years, we still miss a likely explana-
tion in regards the sudden increase of PMWS prevalence 
by late 90s. The same situation would apply to the sudden 
increase of disease prevalence by 2004-05 in North and 
South America. 

Taking into account that PCV2 is practically present in all 
farms worldwide, to explain an epizootic wave of disease 
caused by an old, ubiquitous virus seems poorly realistic. 
One may argue, and this has been suggested by a limited 
number of epidemiological studies, that the dissemination 
of a new infectious agent (usually referred to “agent X”) 
that acts concomitantly with PCV2 might have triggered 
the worldwide epizootics of PMWS (Vigre et al., 2005, 
Woodbine et al., 2007). To date, no such agent has been 
recovered or reported in the literature. The failure of re-
searchers over the last 10 years to recover and identify a 
common new infectious agent that is consistently associ-
ated with PMWS-affected herds and individual animals 
does not, of course, mean that such an agent does not 
exist. However, the fact that field outbreaks of disease 
have always been associated with high viral loads (Olvera 
et al., 2004; Segalés et al., 2005b), that the disease have 
been reproduced experimentally in a number of different 
models using PCV2 as the only infectious agent (Kennedy 
et al., 2000; Albina et al., 2001; Bolin et al., 2001; Harms 
et al., 2001; Ladekjaer-Mikkelsen et al., 2002; Okuda et 
al., 2003), and the lack of laboratory based epidemiological 
evidence to support the “agent X hypothesis”, is strongly 
supportive of PCV2 being the infectious causal agent of 
PMWS (Segalés et al., 2005a).

Another possible explanation for the sudden appearance 
of a “new disease presentation” would be the existence of 
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different strains of PCV2 that may vary in their pathoge-
nicity and, therefore, the global expansion of a potential 
specific clone or clones of PCV2 may be responsible for 
global PMWS epizootics occurrence. Almost no studies 
addressed this latter point in the past, since nucleotidic 
identities higher than 93% in the most phylogenetically 
distant PCV2 isolates may have prevented such investiga-
tions. However, the re-emergence of PMWS in Canada and 
USA by 2004-2005 has provided some evidence in favor 
of different pathogenicity among viral isolates (Carman et 
al., 2006; Opriessnig et al., 2006a), as well as other recent 
studies performed PMWS affected and non-affected farms 
in Europe (Grau-Roma et al., 2007). 

Three studies are supporting above mentioned hypothesis. 
A Canadian epidemiological study (Carman et al., 2006) 
indicated a higher frequency of a certain restriction frag-
ment length polymorphism (RFLP) pattern (321), which 
was much more frequently associated to PMWS cases than 
other RFLP patterns (422 and others). The other study is 
of experimental nature (Opriessnig et al., 2006a), and dif-
ferent lesional degrees in lymphoid tissues were detected 
when comparing pigs infected by a PCV2 isolated from 
a PMWS case (“high virulence strain”) and pigs infected 
by an isolate from a healthy pig (“low virulence isolate”). 
However, no clinical disease was observed in any of the 
experimentally infected pigs from both groups, and both 
isolates used in this study corresponded to 422-like pat-
tern. The third study was performed in Spain. This latter 
study proposes to unify current literature in regards the 
two major phylogenetic groups of PCV2; therefore, it is 
proposed that terminology “genotype 1” and “genotype 
2” would substitute classifications into groups 1 and 2 
of Olvera et al (2007), patterns 321 and 422 reported by 
Carman et al. (2006), I and II reported by De Boisséson et 
al. (2004), SG3 and SG1/SG2 reported by Timmusk et al. 
(2005), and A and B reported by Martins Gomes de Castro 
at al. (2007). Moreover, Grau-Roma et al. (2007) suggested 
that isolates from genotype 1 might be more pathogenic 
than those from genotype 2, under field conditions. 

In opposition to the abovementioned studies, another ones 
performed in France (De Boisseson et al., 2004), The 
Netherlands (Grierson et al., 2004b) and Canada (Laro-
chelle et al., 2002) have shown that there is no apparent 
virulence marker in the genome of PCV2 isolates coming 
from PMWS affected pigs compared to those coming from 
healthy pigs. In fact, when using the predicted theoretical 
RFLP patterns used in the previously mentioned Canadian 
study, almost all PCV2 isolates from French and Dutch 
studies were 321 (the pattern linked to the epizootic dis-
ease in Canada), independently of coming from PMWS 
affected or healthy pigs. Moreover, one experimental study 
using a PCV2 isolated from a healthy pig from a healthy 
farm from a country that was “free” of PMWS at that 
time (Sweden), was able cause PMWS in a model with 
porcine parvovirus co-infection (Allan et al., 2003). Based 

on this latter study, it seems that whatever PCV2 isolate, 
within the adequate environmental conditions (let’s read 
concomitant presence of triggering factors at the “right” 
moment) is potentially capable of producing PMWS. 
Surprisingly or not, that PCV2 isolate corresponded to 
RFLP pattern 422 (genotype 2). 

Definitively, the potential variation among PCV2 isolate 
pathogenicity is still an open question and surely will 
continue being studied in the next few years. Moreover, 
if this scenario is being confirmed, studies on cross-im-
munity among PCV2 isolates and vaccine efficiency will 
be of great interest.

Local perspective or… Why does 
PMWS appear in some farms and not 
others, in spite of all being infected by 
 PCV2?
Different aspects allow us to differentiate PMWS af-
fected and non-affected farms. To properly study those 
differences, many case-control studies have been per-
formed during the last ten years trying to elucidate which 
particular factors are able to trigger PMWS in a given 
farm. Therefore, we have been talking about “triggering 
factors”, “risk factors” or “worsening factors” for more 
than a decade now.

Some of these case-control studies have been directed 
to elucidate if a broad range of infectious agents may be 
related with PMWS occurrence besides PCV2 infection 
(Pogranichniy et al., 2002 in the USA; Kawashima et 
al., 2007 in Japan). However, others have been oriented 
to study a much wide spectrum of potential triggering 
of PMWS, including infectious and non-infectious fac-
tors (Cook et al., 2001 and Woodbine et al., 2007 in UK; 
Rose et al., 2003 and 2005 in France, Wellenberg et al., 
2004 in The Netherlands, LÓpez-Soria et al., 2005 and 
Calsamiglia et al., 2007 in Spain and Enoe et al., 2006 
in Denmark). The final outcome of all these studies has 
been summarized in the identification of some factors that 
increase the risk of suffering from PMWS and others that 
decrease such a risk. The most significant ones (not all of 
them) are summarized in Figure 1.

Some of the so-called “risk factors”, such as concomitant 
infections and sanitary/management practices, are consid-
ered very important, and its control or improvement would 
presumably diminish the impact of PMWS. Other factors 
are not as logical, and some of them can be potentially 
viewed as spurious effects. Within this category will 
fall the use of the vaccine against atrophic rhinitis and 
Escherichia coli in sows (decreased risk) or even PRRSV 
vaccination in gilts (increased risk), since no apparent 
link between those vaccinations and the prevention of 
PMWS can be found. Some factors can be controversial, 
such artificial insemination (AI) or herd size. One study 
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indicated that AI can be a potential risk factor, while another 
rule out this possibility. The size of the herd viewed as a risk 
factor comes from countries in which the mean herd size is 
relatively small (200-300 sows), so it would be difficult to 
interpret the same scenario in countries like USA, Canada 
or Spain, in which the mean herd size is much bigger. 

It is worthy to state that epidemiological studies are able to 
“indicate” or “suggest” things, like a manner of interpret-
ing the reality. However, by themselves, such studies are 
not able to prove anything. Therefore, risk factors have to 
be seen as general effects that must be considered when 
performing the corresponding clinical diagnostic/control 
approach of all disease components in an affected farm. 

Needless to say, however, that if PCV2 strain pathogenicity 
variability does exist, then, the potential introduction of 
those “more pathogenic” strains in a given farm would 
explain why that particular farm is suffering from PMWS. 
On the other hand, early infection with this virus and the 
sow infectious/serological status in regards PCV2 have to 
be considered as modulating factors that may explain why 
some farms get disease and others no. Therefore, PCV2 
infection monitoring in a farm should be considered as a 
potentially helpful tool to implement appropriate disease 
control measures. The lack or low levels of PCV2 neu-
tralizing antibodies in PMWS affected pigs are probably 
individual facts related to disease occurrence, although 
it is hard to suspect if this situation is the cause or the 
consequence of PMWS.

Individual perspective or… Why does 
one pig suffer from PMWS and another 
not, in spite of both being infected by 
 PCV2?
Although all diseases are always considered within a 
population, it is clear that the disease status is an individual 
fact. This is even more evident with PMWS, in which abso-
lutely healthy pigs with great productive performance are 
in the same pens than pigs suffering from severe PMWS 
and, apparently, the majority of those healthy pigs will not 
suffer from the disease in the future (Segalés et al., 2003). 
Also, experimental infections have also demonstrated such 
a situation; for example, Kennedy et al. (2000) reported 
only one pig out of 4 inoculated with PCV2 alone getting 
PMWS, and Rovira et al. (2002) described only one pig 
out of 7 double inoculated with PCV2 and PRRSV getting 
PMWS. Therefore, even under experimental conditions, 
in which all pigs are theoretically under the same physi-
ologic and environmental status, the outcome of infection 
considerably varies. One may argue that each individual 
may experience a different behavior to the same stimulus, 
and this situation is even more evident when affecting the 
immune response. Taking into account that the involve-
ment of the immune system in PMWS development is 
pivotal (Segalés et al., 2005a), it should not be surprising 
such variability in individual responses of pigs within an 
experiment or in a farm.

Figure 1: Summary of some of the risk factors that increase or decrease the likelihood of suffering from 
PMWS in a farm.

 

 

*PRRSV = porcine reproductive and respiratory syndrome virus; PPV=porcine parvovirus
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It is known that PCV2 itself is able to alter the cytokine re-
sponses of pig PBMC regardless of the immune or disease 
status of the animals, but only some infected animals will 
develop PMWS (Darwich et al., 2004). Apparently, during 
the course of infection, some animals are able to coun-
terbalance this immune disorder while others, the ones 
developing disease, cannot. At least a couple of reasons 
can be suggested to explain this situation. One of them is 
that immune stimulation could act as a triggering extrinsic 
factor. This has been widely discussed (Krakowka et al., 
2001, 2002) and supported by the fact that co-infection 
has been demonstrated as a requisite for the development 
of PMWS under experimental (Allan et al., 1999; Ellis et 
al., 2000; Krakowka et al., 2000) and natural conditions 
(Kyriakis et al., 2002). However, this hypothesis has not 
been accomplished in other experimental assets, in which 
PMWS was fully reproduced by inoculating PCV2 alone 
in SPF-pigs or in colostrum-deprived pigs (Kennedy et 
al., 2000; Albina et al., 2001; Bolin et al., 2001; Harms et 
al., 2001; Ladekjaer-Mikkelsen et al., 2002; Okuda et al., 
2003). A second possible hypothesis would be a genetic 
factor. If this factor exists, it should reflect interindividual 
variability within particular genetic lines, as it has been 
suggested (LÓpez-Soria et al., 2004; Opriessnig et al., 
2006b). Of course, even within a genetic line, individual 
differences may apply due to polymorphisms of major 
histocompatibility complexes (SLA-I and SLA-II), T-cell 
receptors or cytokine genes (Darwich et al., 2004), so, it 
cannot be ruled out that such immunologic variability 
may account for individual susceptibility/resistance to 
 PMWS.

Therefore, based on available data, one may speculate that 
PMWS could be the result of the “right pig” infected on 
the “right moment” by the “right virus”, and only those 
fulfilling such individual situation will develop the disease. 
Although it sounds like a joke, it is not! The “right pig” 
would be reflected by the potentially susceptible animal to 
get the disease (genetic factors); the “right moment” would 
be reflected by the different triggering conditions that may 
apply in a given moment (triggering, risk or “worsening” 
infectious and non-infectious factors) as well as by the mo-
ment with lowest antibody titers to PCV2 (PCV2 infection 
dynamics); and, finally, the “right virus” could be related 
with infection by those potentially “more pathogenic” PCV2 
strains (if they indeed exist). 
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