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INTRODUCTION
Since its discovery and characterization in western Canada in 1995, the significance and
dissemination of post-weaning multisystemic wasting syndrome (PMWS) has grown and it
has become a serious disease affecting the global swine industry. More recently, there is a
heightened interest in PMWS due to the explosive outbreaks in eastern Canada, particularly in
Quebec starting in late 2004.
PMWS is caused by Porcine Circovirus type 2 (PCV2), a small single stranded DNA virus. It
is the only circovirus known to cause disease in mammals, but other circoviruses cause
numerous diseases in birds. By comparison, porcine circovirus type 1 (PCV1) does not cause
disease in pigs, and is genetically and antigenically distinct from PCV2. In addition to
PMWS of swine, PCV2 contributes to porcine respiratory disease complex (PRDC) and
proliferative and necrotizing pneumonia (PNP). It has also been associated with several other
conditions including humpy-back swine, porcine dermatitis and nephropathy syndrome
(PDNS), congenital tremors (CT-AII), pre-natal myocarditis and reproductive failure. It is
important to note that PCV2’s involvement in these latter conditions has not been proven.

POST-WEANING MULTISYSTEMIC WASTING SYNDROME (PMWS)
There are several classic clinical signs of PMWS that form the basis of a preliminary clinical
diagnosis including enlarged lymph nodes, wasting, dyspnea, diarrhea, pallor, and jaundice
(Harding, et al., 1998a & 1998b; Cottrell, et al., 1999; Harms, 1999). While all of these signs
will not be noted in a single pig, affected farms will present with the majority, if not all, over
a period of time. Confirmation of PMWS requires the presence of clinical signs, hallmark
histological lesions and the identification of PCV2 within lesions (Sorden, 2000).
The clinical signs of PMWS are traditionally restricted to the post-weaned aged groups,
particularly the late nursery and early grower stages, between 7 and 15 weeks of age
(Harding, et al., 1998b). Ironically, the 2004/05 eastern Canadian outbreak appears to affect
older hogs, likely due to the dynamics of co-infections and PCV2 viral load specific to the
affected farms. Between 1995 and 2005, PMWS in North America most commonly caused
low grade and sporadic death loss. On rare occasions particularly in western Canada, severe
epidemics resulting in three to four fold increases in post-weaning mortality rates occurred.
Persistently high mortality has been noted commonly in some European countries over the
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last decade. Interestingly, it is likely that the same is happening in Canada after an 8-year
period of quiescence. The reasons for these sudden explosive outbreaks are unknown but
current theories include the mutation of PCV2 into a more virulent strain(s), the presence of
indigenous or exotic infective cofactors (Agent X), or changes in farm management that
“trigger” the onset of disease.

PCV2 STRAINS
The 2004-05 eastern Canadian outbreak is similar in many ways to the PMWS outbreaks in
many European Union countries, except that it coincides with the frequent isolation of an
apparently novel PCV2 strain, identified as PCV2-321, based on restriction fragment length
polymorphism (RFLP) analysis (Carman, et al., 2005). This novel PCV2 strain is over 99%
homologous to virulent French and Dutch PCV2 isolates recovered from PMWS cases
(Gagnon, unpublished). By comparison, the PCV2 strains recovered in eastern Canada prior
to 2005 are only 95-96% homologous to the same French and Dutch PCV2 isolates. Recent
Orf2 sequencing of PCV2 strains recovered from diagnostic cases in France, UK, China and
Canada in 2004-05 suggests this novel PCV2-321 belongs to a unique cluster of isolates, that
is genetically distinct from PCV2 isolates recovered between 1997-99 from western Canada
and USA (Hamel, unpublished). Based on the sudden appearance of this new RFLP pattern
and the severity of clinical disease and mortality, it is proposed that the 2004-05 PMWS
outbreaks in eastern Canada was caused by the dissemination of this novel PCV2 “321” strain
which is of increased virulence and possibly imported from France via semen. However, the
virulence of this novel PCV2-321 strain has not yet been proven experimentally or by field
studies. Furthermore, case-control studies evaluating the molecular characterization of PCV2
strains in France and the Netherlands failed to identify any single mutation or variant strain
that was correlated with clinical disease or increased virulence (Boisseson, et al., 2004;
Grierson, et al., 2004).

CO-FACTORS AND VIRAL LOAD
While PCV2 infection is clearly a necessity (Allan & Ellis, 2000; Ellis, et al., 2000) and is the
only virus consistently recovered from PWMS cases, other co-factors are required for
inducing PMWS. These co-factors may include other diseases such as PRRS (Harms, et al.,
2001; Pallares, et al., 2002; Allan et al., 2000); mycoplasma, swine influenza (Harms, et al.,
2002) and parvovirus (Ellis, et al., 2000; Krakowka, et al., 2000); immune stimulation or
vaccination (Krakowka, et al., 2001; Opriessnig, et al., 2003; Kyriakis, et al., 2002); or the
absence of good production practices (Rose, et al., 2003; Wallgren, et al, 2005). However,
virtually all commercially raised pigs are subclinically infected with low levels of PCV2
(Larochelle, et al., 2003; Harding, 2000) yet most remain healthy and do not develop PMWS.
By contrast, very high levels of PCV2 are consistently recovered from various tissues and
organs of pigs with PMWS (Brunborg, et al., 2004). In fact, the amount of PCV2 in tissues
and serum of PMWS pigs (a.k.a. viral load) is correlated with the severity of clinical signs and
associated histological lesions in experimentally (Krakowka, et al., 2005; LadekjaerMikkelsen, et al., 2002; Krakowka, et al., 2001) and naturally (Brunborg, et al., 2004;
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Segales, et al., 2005) infected pigs. While the viral load in healthy subclinically infected pigs
is typically less than 106 (per mL serum or 500 ng tissue), the viral load in clinical PMWS
pigs generally exceeds 107(Brunborg, et al., 2004). Thus, amplifying viral load is critical for
the development of PMWS. In pigs as in all species, antigen presenting cells (APCs) play a
fundamental role in the early immune response, by presenting foreign antigens such as viral
particles to the effector cells of the immune system. In healthy subclinically infected pigs,
PCV2 is contained within APCs in a quiescent state that does not impact APC function or
result in cytotoxic effects (McCullough, et al., 2003). Although the immunologic details are
unclear, this appears to be a fundamental mechanism of PCV2 induced disease and results in
the persistent low level PCV2 infection of lymphoid tissue in healthy pigs. Moreover, cofactors may induce PMWS by attracting PCV2-infected APCs to sites of immune stimulation
or infection, where PCV2 is amplified beyond the critical biological “threshold”. This
amplification leads to the development of the hallmark lesions of PMWS (granulomatous
inflammation, lymphoid depletion) through a number of immune mechanisms, and ultimately
to the dissemination of PVC2 to distant systemic sites. Thus, I propose the key to controlling
and preventing PMWS in any farm regardless of PMWS status, location, strain or co-factors
involved is to reduce and maintain PCV2 viral load below this biologically critical
“threshold”.

PCV2 VACCINES
At the time of writing, there are no licensed vaccines in the North American market, although
several pharmaceutical companies have products in their pipeline. CFIA has recently granted
Merial Canada an import permit for their vaccine (February 2006). Public domain research
documenting the efficacy of these experimental vaccines is limited, but the experimental and
field research available is promising (Charreyre, et al., 2005; Meng, 2005). The products
under development are targeted at both the breeding herd, to enhance the passive immunity of
piglets, and feeding herd, to initiate active immunity post-weaning. Both killed and attenuated
live vaccines are in the pipe. The use of autogenous vaccines has been suggested, however it
is unlikely that autogenous PCV2 vaccines would be effective, and more importantly may not
be safe, because PCV2 is difficult to grow in tissue culture, and is very resistant to
inactivation.

CONCLUSIONS
Our understanding of the factors impacting the emergence and severity of PMWS on affected
farms is not complete; however it is clear that severe disease is associated with high amounts
of PCV2 in tissues. Thus, the amplification or upregulation of PCV2 in tissues is a
prerequisite to disease expression. Our understanding of the epidemiology and potential
triggering factors is improving, particularly the role of adjuvants, vaccines and co-infections.
Until vaccines are widely available in Canada, the key to controlling severe PMWS is to
implement good production practices and eliminate coinfections to prevent the amplification
of viral load. While the emergence of a new PCV2 strain has received considerable attention
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in eastern Canada, the industry should be cognizant that the superior virulence of these strains
has not been proven.
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