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Danish research and control of PMWS
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National Committee for Pig Production, Danish Bacon and Meat Council

The first diagnosis of post-weaning multi-systemic wast-
ing syndrome (PMWS) in Denmark was made in 2000.
The following year only five new herds were diagnosed.
Since 2002 the number of positive herds has increased
considerably; more than 400 herds have now been diag-
nosed, and it is likely that several hundred herds are af-
fected without a formal diagnosis. Today PMWS is re-
garded as an endemic disease in large parts of Denmark,
but there are still parts (e.g., the island of Zealand) where
the syndrome is rarely seen.

Definition

Post-weaning multi-systemic wasting syndrome is defined
as a condition with increased mortality from weaning to
slaughter, formation of specific histopathological lesions
(i.e., lymphocyte depletion and formation of giant cells
in lymph nodes), and presence of porcine circo-virus, type
2 (PCV-2), in pathological lesions.

History

The first diagnosis of PMWS was made in Canada in the
early 1990s. It was subsequently diagnosed in many coun-
tries all over the world on all continents. (It has not been
diagnosed in Australia, but in New Zealand PMWS was
diagnosed in 2003).

In Europe it has had a big impact on pig production in the
UK, France, Spain, Denmark, and most other countries.

Etiology

Inoculation of weaned pigs with PCV-2 has induced
PMWS-specific lesions in both colostrum-deprived pigs
and in non-colostrum-deprived pigs. The syndrome has
been induced with a Swedish isolate of PCV-2 from the
beginning of 1990. However, the syndrome was not di-
agnosed in Sweden before 2003.

PCV-2 is widely spread in the pig population all over the
world and found in almost all herds in which samples
have been taken, even in decades-old archived samples.
PCV-2 is, therefore, not considered a new agent, and the
presence of PCV-2 in a region or country is not indicative
of the presence of PMWS.

It is generally accepted that PCV-2 is a prerequisite for
the development of PMWS, but most researchers con-
clude that it cannot be the only factor. Something has to
trigger the massive virus-replication found in PMWS-af-
fected pigs.

Symptoms

In most cases symptoms include increased mortality and
morbidity from three to four weeks post-weaning, but
outbreaks have also been reported in finishers. Pigs be-
come emaciated, and many pigs will have dyspnea and
diarrhea. Other diseases in the herds will become more
predominant.

It is characteristic that treatment failure is reported in all
herds. Some producers even say they feel that antibiotic
treatment increases mortality.

Losses

Mortality from weaning to slaughter varies from 5 to 30%
in affected herds after the outbreak, with an average of
10%. Most pigs become affected three to four weeks af-
ter weaning, but some herds experience the outbreak in
the finishing units in pigs up to 60 kg. Some herd owners
have reported that they apparently solved the problem in
their weaner units by improved management only to ex-
perience high mortality after moving the pigs to the fin-
isher unit.

Hypotheses

Why has PMWS become a problem in many countries
across the world? Genetic factors, poor management
(overcrowding, cold, draft, poor feeding, etc.), vaccina-
tion, and other pathogens might be conditional factors that
trigger PMWS.

Genetics
Genetic resistance to specific diseases has been found in
many diseases, and preliminary results from a Danish
study indicate some variation between different breeds.
When Danish Landrace/Large White sows were insemi-
nated with semen from Duroc, Hampshire, or Duroc/
Hampshire boars, offspring from Duroc boars had a higher
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survival rate than Hampshire and Duroc/Hampshire in one
trial herd. The results should be taken with some caution
since only one herd was investigated.

Since the Danish breeding system (Danbred) sells more
than 80% of the gilts and boars and delivers most of the
semen, the genetic material is practically the same all over
Denmark. However, PMWS herd incidences across Den-
mark differ considerably. Although it is believed that some
pigs are genetically more resistant to PMWS, as indicated
above, this difference does not explain the geographic
variation seen in Denmark, and it makes the hypothesis
that genetics might explain the appearance of the syn-
drome seem unlikely.

Management-related factors
Several studies have revealed risk factors related to
PMWS. In general, most of these risk factors are related
to what is generally believed to be suboptimal manage-
ment of pigs. Overcrowding, purchases of pigs from sev-
eral sources, and poor hygiene are factors that are all be-
lieved might trigger the disease.

In Danish studies, no single management factor has been
established to be a risk factor for PMWS. However, it is a
fact that herds with good management—i.e. all-in, all-
out management by room or building, good hygiene, good
climate—have smaller losses than herds with suboptimal
management.

The fact that management systems and levels are practi-
cally the same all over Denmark and that geographical
differences are seen in the occurrence of the disease have
led to the hypothesis that PMWS is not management-re-
lated. However, increased mortality is a prerequisite for
the diagnosis, and since mortality in affected herds is
higher when management is suboptimal, it is natural that
the diagnosis of PMWS is associated with suboptimal
management.

Danish intervention studies have shown that improved
management can reduce mortality. However, the low
mortality rates that the herds had before the diagnosis are
rarely regained.

Other diseases
Several inoculation studies have shown that pigs inocu-
lated with other pathogens at the same time as or prior to
the PCV-2 inoculation developed PMWS more often, and
the pigs were more affected than if they were inoculated
with PCV-2 alone.

A Danish case study showed that distribution of specific-
pathogen free- (SPF) herds, porcine reproductive and res-
piratory syndrome- (PRRS) positive herds, and PRRS-
negative herds in the first 50 herds diagnosed positive in
Denmark looked like a random sample of herds in Den-
mark. The study also showed that PMWS-positive herds

with a higher health status (SPF, PRRS-negative) had a
significantly lower loss than herds with a low health sta-
tus. 

Vaccination
It has been hypothesized that vaccination might enhance
a PMWS outbreak. The literature is inconclusive on the
issue. The Danish case-study showed that PMWS-posi-
tive herds that vaccinated against Mycoplasma
hyopneumoniae had a lower mortality rate than herds that
did not vaccinate.

The Danish recommendation is to vaccinate if necessary
and to target the vaccination to the specific infection pat-
tern of the herd. Serological profiling for Mycoplasma
hyopneumoniae or other relevant pathogens can help es-
tablish the optimal vaccination period for the individual
herd.

Other infections
Several researchers believe that there must be another
infection involved in PMWS than PCV-2. The hypoth-
esis is that an unknown agent (the Agent X-theory) or a
subtype of PCV-2 might be responsible for the contrac-
tion of PMWS.

To date, DNA-fingerprinting methods have not been able
to distinguish between PCV-2 strains isolated from clini-
cal cases and strains isolated from unaffected herds, even
though the genome is small and differences should be
fairly easy to find if they exist.

A Danish study investigated the hypothesis that PMWS
was an infection. Newly weaned piglets from four PMWS-
negative herds were mixed with sick pigs from two posi-
tive herds in four different, isolated compartments in a
research facility. There were only pigs from one positive
and one negative herd in each compartment. Hygiene,
climate, and feed were optimized to rule out the manage-
ment theory. All herds were PCV-2 positive. In all four
compartments, pigs from the negative herds developed
symptoms of PMWS, and euthanized pigs from these
herds had histopathological lesions that were consistent
with PMWS, including PCV-2 virus in the lesions. This
study and the geographical pattern of the spread indicate
that PMWS should be seen as an infectious disease. The
Agent X hypothesis might be a plausible explanation.

The National Committee for Pig Production and the Dan-
ish Institute for Food and Veterinary Research are con-
ducting a study in 75 positive herds and 75 negative herds.
In the study, samples have been taken from different age
groups, and thorough virological and microbiological in-
vestigations are being performed to try to find the Agent
X. The study is ongoing, and to date nothing conclusive
has appeared.
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Therapy

No specific therapy had been documented to have a posi-
tive effect on PMWS. Sero-therapy using serum from
older pigs from the same farm has been recommended in
some countries, but with inconclusive results. Unfortu-
nately, adverse reactions have been observed, probably
due to the transfer of other pathogens from older pigs to
younger pigs.

In collaboration with the Danish Institute for Food and
Veterinary Research, the Danish Bacon and Meat Coun-
cil is performing a clinical trial with serum from PCV-2-
immunized horses and sterile-filtrated, heat-treated serum
from pigs from the same herd. The results of this study
have not yet been reported.

Several pharmaceutical companies are working on the
development of PCV-2-based vaccines, and the National
Committee for Pig Production will perform clinical trials
as soon as the vaccine is ready.

Depopulation as a strategy

Six herds were totally depopulated, cleaned, and disin-
fected according to the Danish SPF-protocol and re-
stocked. Herds were monitored clinically for one year,
and pigs were submitted for laboratory examinations if
suspicious deaths were observed. In five of the six herds,
a very low mortality rate was seen after the repopulation,
and no signs of PMWS were observed. The sixth herd
was restocked from the same herd as before depopula-
tion, and the pigs developed PMWS symptoms two
months after restocking. All herds were PCV2-positive
after restocking.

Partial depopulation following the protocol for eradica-
tion of Mycoplasma hyopneumoniae has been tried in a
number of herds. In general, mortality was lower in the
following period, but no herds reached pre-outbreak lev-
els, and all herds were clinically diagnosed as PMWS-
positive after repopulation.

Conclusion

PMWS is spreading in Denmark and has become endemic
in some parts of Denmark, but is still rare in other parts.
The spread can be characterized as an infectious epidemic.
Danish studies of how the disease spread between pigs
support the hypothesis that PMWS is an infectious dis-
ease. Total depopulation has been successful in most cases.
Improved management can reduce mortality, but not to
pre-outbreak levels. To date no specific treatment has been
fund.

References

Most of the results presented in this paper have been published
only in Danish reports. For further details, please contact the
author.


