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Summary
Objectives: To propose and evaluate a pro-
tocol to establish a diagnosis of postweaning 
multisystemic wasting syndrome (PMWS) 
at herd  level.

Materials and methods: The data used 
included both laboratory data from previous 
epidemiological studies carried out in Italy, 
Denmark, and Spain and original postwean-
ing mortality data collected from several 
herds in Denmark, France, Spain, and Swe-
den. Statistical process control techniques 
were used to analyze the longitudinal evolu-
tion of mortality in each  herd.

Results: The analysis of data sets from three 
different countries showed that to diagnose 

at least one PMWS-affected pig with a prob-
ability > 95%, it is necessary to study a mini-
mum of three to five pigs. Longitudinally 
collected data showed that when > 20 data 
points were available, a significant increase 
in mortality was always detected at close to 
the time of PMWS diagnosis. When < 10 
points were available, a significant increase 
in mortality was detected in four of six stud-
ied herds, although mortality percentages 
were always higher at the time of PMWS 
diagnosis than before  diagnosis.

Implications: These results suggest that 
two conditions must be fulfilled to diag-
nose PMWS in a herd. Firstly, a significant 
increase in postweaning mortality, compared 
to the historical background in the herd, 

must be observed in association with clinical 
signs compatible with PMWS. Secondly, 
PMWS must be diagnosed in at least one of 
three to five necropsied pigs concurrently 
with the increase in mortality. Ruling out 
other potential causes of increased mortality 
is also  necessary.
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Resumen - Estudios clínicos y de labora-
torio de hatos afectados con el síndrome 
multisistémico de desmedro post destete 
en Dinamarca, Francia, España, y Suecia: 
Progresión de la enfermedad y una propu-
esta para la definición de caso de hato

Objetivos: Proponer y evaluar un pro-
tocolo para establecer un diagnóstico del 
síndrome multisistémico de desmedro post 
destete (PMWS por sus siglas en inglés) a 
nivel de hato.

Materiales y métodos: Los datos utilizados 

incluyeron datos de laboratorio proceden-
tes de estudios epidemiológicos previos 
realizados en Italia, Dinamarca, y España 
así como datos originales de mortalidad 
post-destete procedentes de distintas granjas 
de Dinamarca, Francia, España, y Suecia. Se 
utilizaron técnicas de control estadístico del 
proceso para analizar la evolución longitudi-
nal de la mortalidad en cada hato.

Resultados: El análisis de la información 
de tres países diferentes mostró que para 
diagnosticar al menos un cerdo afectado por 
el PMWS con una probabilidad > 95%, es 
necesario estudiar un mínimo de tres a cinco 
cerdos. La información recolectada longitu-
dinalmente mostró que cuando hubo > 20 
puntos de información disponible, siempre 
se detectó un incremento significativo en 
la mortalidad cerca del momento del diag-
nóstico del PMWS. Cuando hubo < 10 pun-
tos disponibles, se detectó un incremento 
significativo en la mortalidad en cuatro de 
los seis hatos estudiados, aunque los porcen-
tajes de mortalidad siempre fueron más altos 
al momento del diagnóstico del PMWS que 
antes del diagnóstico.
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Postweaning multisystemic wasting 
syndrome (PMWS) is a multifactorial 
pig disease in which porcine circovirus 

type 2 (PCV2) is the essential infectious 
agent.1 Among the conditions included 
within the scope of porcine circovirus 
diseases (PCVDs) or porcine circovirus 
associated disease (PCVAD), PMWS has 
major clinical and economic impacts.1,2 This 
disease most commonly affects pigs from 2 
to 4 months of age, ie, in the late nursery and 
growing phases.3-5 Morbidity and lethality 
rates are variable depending on the herd and 
the batch of animals, ranging most com-
monly from 4% to 30% and 70% to 80%, 
respectively, with lethality rate defined as 
the percentage of pigs that die among those 
showing morbidity.5 However, cases have 
also been described where morbidity is 
exceptionally high (> 50%) or where a few 
pigs are sporadically affected in herds with 
very good production records.5 The most 
common clinical sign is wasting, although 
affected pigs also frequently show other 
signs, such as fever, skin pallor, dyspnea, 
diarrhea, and non-response to antimicrobial 
treatment.3-6 Despite this, affected pigs are 
often medically treated, with a resultant 
increase in antimicrobial  usage.7

Wasting and respiratory signs in a propor-
tion of late nursery and growing pigs, 
together with the presence of lesions such as 
enlarged lymph nodes, interlobular pulmo-
nary edema, or white-spotted kidneys, are 
suggestive of PMWS. However, such gross 

lesions are not always observed and clinical 
signs alone are nonspecific. Therefore, none 
of them are sufficient to establish the diag-
nosis with certainty. Infection with PCV2 
occurs in virtually all herds worldwide.8 
Thus, laboratory results must be interpreted 
with caution.9,10 Today, an individual pig 
is considered PMWS affected when the 
three following criteria are fulfilled: first, 
presence of compatible clinical signs, includ-
ing wasting or growth retardation; second, 
observation of characteristic histopathologi-
cal lesions in lymphoid tissues, including 
lymphocyte depletion and histiocytic 
infiltration; and third, detection of moder-
ate to large amounts of PCV2 within the 
lesions in lymphoid and other tissues of 
affected pigs (using either immunohisto-
chemistry [IHC] or in situ hybridization 
[ISH] techniques).1,11 Taking into account 
the strong correlation observed between the 
amount of PCV2 antigen or nucleic acid 
and the severity of PMWS histopathologi-
cal lesions, disease definition implies also 
moderate to severe histopathological lesions 
and a moderate to large amount of PCV2 
detected.5 Techniques such as polymerase 
chain reaction (PCR) or serology lack ade-
quate sensitivity and specificity to diagnose 
 PMWS.10,12

The relatively recent introduction of commer-
cial PCV2 vaccines has dramatically changed 
the approach to PMWS prevention. Such 
vaccines have become excellent tools to prevent 
and diminish the impact of PMWS.13-16 
However, the first step before implementing 

any vaccination program should be to ensure 
that the herd is affected by the corresponding 
disease. Establishing diagnosis of the disease 
prevents a potential “vaccine failure” percep-
tion and saves time and money. Up to the pres-
ent time, a herd has been considered clinically 
affected by PMWS when high percentages of 
wasting and mortality occur postweaning (ie, 
in the nursery and growing and finishing areas) 
and individual pigs fulfill requirements for 
diagnosis of PMWS.1 However, a formal study 
on the criteria to establish disease diagnosis 
at herd level has not yet been performed. For 
these reasons, and with the experience of > 5 
years of diagnostic and investigation experience 
by a consortium of 15 European and American 
research groups (www.pcvd.eu), the present 
study was designed to explore and propose a 
potential scientific-technical herd case defini-
tion of epidemic PMWS by retrospectively 
assessing clinical and laboratory data from 
herds in which the disease had already been 
diagnosed in individual animals. The second 
objective was to provide a technical approach 
to objectively quantify and assess whether 
or not a given herd is suffering a significant 
impact due to PMWS. The proposed technical 
definition was explored on the basis of two 
elements: firstly, clinical appearance in the herd 
(ie, pigs showing clinical signs compatible with 
PMWS, quantified numerically by considering 
combined mortality in the nursery and grow-
ing-finishing phases) and, secondly, laboratory 
examination of necropsied pigs fulfilling the 
internationally accepted criteria for diagnosis 
of PMWS in individual  animals.1,11

 

Implicaciones: Estos resultados sugieren que 
deben cumplirse dos condiciones para diag-
nosticar el PMWS en un hato. Primero, debe 
observarse un incremento significativo, com-
parado con el antecedente histórico del hato, 
en la mortalidad post destete asociado a signos 
clínicos compatibles con el PMWS. Segundo, 
debe haberse diagnosticado el PMWS en 
al menos una de las tres a cinco necropsias 
efectuadas en los cerdos simultáneamente con 
el incremento en la mortalidad. También es 
necesario descartar otras causas potenciales en 
el incremento en la mortalidad.

 

Résumé - Études cliniques et de labora-
toire de troupeaux atteints du syndrome 
multi-systémique de dépérissement en 
post-sevrage au Danemark, en France, 
Espagne, et Suède: Progression de la 
maladie et proposition d’une définition 
d’un cas de troupeau

Objectifs: Proposer et évaluer un protocole 
pour établir un diagnostic à l’échelle du 

troupeau du syndrome multi-systémique de 
dépérissement en post-sevrage (PMWS).

Matériels et méthodes: Les données utili-
sées incluaient conjointement les données de 
laboratoire d’études épidémiologiques anté-
rieures effectuées en Italie, au Danemark, et 
en Espagne, ainsi que des données originales 
de mortalité post-sevrage amassées dans plu-
sieurs troupeaux au Danemark, en France, 
en Espagne, et en Suède. Des techniques 
de maîtrise statistique des procédés ont été 
utilisées pour analyser l’évolution longitudi-
nale de la mortalité dans chaque troupeau.

Résultats: L’analyse des regroupements de 
données provenant de trois pays différents a 
démontré que pour diagnostiquer au moins un 
porc affecté par PMWS avec une probabilité 
supérieure à 95%, il est nécessaire d’étudier un 
minimum de trois à cinq porcs. Les données 
recueillis longitudinalement ont montré que 
lorsque plus de 20 données sont disponibles, 
une augmentation significative de la mortalité 
était toujours détectée près du moment du 

diagnostic de PMWS. Lorsque moins de 10 
données étaient disponibles, une augmentation 
significative de la mortalité était détectée dans 
quatre des six troupeaux étudiés, bien que les 
pourcentages de mortalité fussent toujours plus 
élevés au moment du diagnostic de PMWS 
qu’avant le diagnostic.

Implications: Les résultats obtenus sug-
gèrent que deux conditions doivent être rem-
plies pour poser un diagnostic de PMWS 
dans un troupeau. Premièrement, une 
augmentation significative de la mortalité 
post-sevrage, comparativement aux données 
de base historiques dans le troupeau, doit 
être observée en association avec des signes 
cliniques compatibles avec PMWS. Deux-
ièmement, un diagnostic de PMWS doit 
être posé pour au moins un des trois à cinq 
porcs soumis pour nécropsie au moment de 
l’augmentation de la mortalité. L’élimination 
des autres causes potentielles d’augmentation 
de mortalité est également nécessaire.
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Data was analyzed using statistical process 
control (SPC) techniques, an analytic 
approach that “explains with statistical 
confidence when a process performance 
is improving, staying the same, or getting 
worse.”17 These techniques are increasingly 
applied by livestock herd managers and their 
consultants and by scientists working with 
longitudinal data from livestock.17 Specifi-
cally, control charts, which allow identifying 
and distinguishing between normal (com-
mon cause) and abnormal (special cause) 
variability, have already been reported in 
swine production.18,19 When only common-
cause variation is present in process output, 
the process is said to be operating under a 
state of statistical control. The process enters 
an out-of-control state when an aspect or 
some aspects of the process change and 
impact process  performance.

Materials and  methods
Herds and  animals
To determine the sample size adequate to 
establish a PMWS diagnosis in individual 
pigs, data from two previously published 
studies were used.12,20 Those studies were per-
formed in a total of 56 PMWS-affected herds 
in Denmark (n = 8),12 Spain (n = 3),12 and 
Italy (n = 45).20 A total of 330 wasted pigs 
(91 from Denmark, 79 from Spain, and 160 
from Italy) were necropsied and lymphoid 
tissues were examined histopathologically and 
by IHC or ISH for PCV2  detection.

In order to analyze the evolution of mortal-
ity before and after a PMWS outbreak, three 
different herds per country in Denmark 
(Dk-1, Dk-2, and Dk-3), France (Fr-1, Fr-2, 
and Fr-3), and Spain (Sp-1, Sp-2, and Sp-3), 
and one in Sweden (Sw-1),21 were retro-
spectively selected, taking into account the 
fulfillment of two conditions: firstly, avail-
ability of a PMWS diagnosis in at least one 
pig; and, secondly, longitudinal mortality 
data available during a period before PMWS 
occurred (between 9 and 35 months, 
depending on the herd) and during the time 
when PMWS was occurring. Table 1 sum-
marizes the herds used for performing each 
of these analyses and the country of origin of 
each  herd.

Parameters evaluated and statistical 
 analyses
The proportion of pigs showing clinical 
signs compatible with PMWS that fulfilled 
the criteria for PMWS individual diagnosis 
obtained in previous studies was used to 

calculate the probability of diagnosing the 
disease in at least one animal, depending on 
the number of necropsied pigs.12,20 The cal-
culation was made by means of a theoretical 
approach as described elsewhere,22,23 apply-
ing the formulas detailed  below:

P = (1 -  Pr)X

P´= 1 -  P

where P is the probability of not diagnosing 
the disease in any pig, Pr is the proportion 
of pigs diagnosed with PMWS of the total 
number of necropsied (suspected) pigs, X is 
the number of necropsied pigs, and P´ is the 
probability of diagnosing the disease in at 
least one  pig.

Mortality data was collected monthly in 
Spanish herds, at 2-week intervals in the 
Swedish herd, and at 3- to 6-month intervals 
in French and Danish herds, including both 
nursery and growing-finishing phase mortal-
ity. Data represent the means of percentage 
mortality in the given periods of time. Data 
was analyzed using QIMacros2007 SPC for 
Excel (KnowWare International Inc; www.

excel-spc-software.com/excel-spc-

software.html). Control charts (X-charts) 
were created by plotting longitudinal mor-
tality measurements consecutively collected 
in each herd prior to PMWS diagnosis. 
Overall average (central line) and upper and 
lower control limits (corresponding to + 3σ 
[standard deviation] and - 3σ) provide a 
visual means for understanding the amount 
of variation inherent in a system over time. 
When data points appear within the control 
limits without any unusual patterns, then 
the process is considered to exhibit common 

cause of variation. Therefore, it is considered 
to be in statistical control (or stable). System 
changes were considered significant if one 
or several of the following four conditions 
existed: one single point more than 3σ above 
the mean; at least two of three successive 
points 2σ above the mean; at least four of 
five successive points 1σ above the mean; 
or nine or more successive points above the 
mean.17,24 These are the conditions gener-
ally recommended when using SPC tech-
niques, with the only difference being that 
variations are usually considered when they 
occur either above or below the mean.17,24 
However, a substantial decrease in mortality 
percentage is beneficial and, consequently, 
cannot be considered an alarm in a disease 
context. Thus, in the present proposal, the 
general conditions have been applied only 
for an increase in  mortality.

Results
The percentages of suspected pigs that ful-
filled PMWS diagnosis in Italy, Denmark, 
and Spain were 69%,20 56%,12 and 46%,12 
respectively. The probability of diagnosing at 
least one PMWS-affected pig in an affected 
herd, taking into account the data reported 
in those studies, is presented in Table 2. 
Results showed that to diagnose at least 
one PMWS-affected pig with a probability 
> 95%, it is necessary to study a minimum of 
three, four, and five pigs, considering Italian, 
Danish, and Spanish data,  respectively.

Longitudinal mortality data compiled 
from all longitudinally analyzed herds are 
presented as X-charts in Figures 1 through 
4. Mortality data from Spanish and Swed-
ish herds, for which > 20 data points were 

Utility of farm data No. of farms Country Reference

To determine sample 
size to establish PMWS 
diagnosis

6 Denmark Grau-Roma et al, 
200912

8 Spain Grau-Roma et al, 
200912

45 Italy Sarli et al, 200920

To analyse the evolution 
of mortality before and 
after a PMWS outbreak

3 Denmark Original data
3 France Original data
3 Spain Original data
1 Sweden Wallgren et al, 

200421 

Table 1: Farms used to determine the sample size needed to establish a diagnosis 
of postweaning multisystemic wasting syndrome (PMWS) and to analyse the 
longitudinal evolution of mortality  percentages
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available, are presented in Figures 1 and 2, 
respectively. For Danish and French herds, 
in which < 10 points were available, mortal-
ity data are presented in Figures 3 and 4, 
respectively.

In herds where > 20 points were available, 
results showed that the system was out of 
control at the time of PMWS diagnosis 
(Figures 1 and 2). Specifically, mortal-
ity percentage at PMWS diagnosis was 
always higher than the upper control limit. 
Moreover, in herds Sp-1, Sp-2, and Sw-1, a 
statistically significant increase in mortal-
ity was already detected at one or more 
points before PMWS diagnosis. In Sp-1, a 
statistically significant increase in mortality 
was detected only in the point immediately 
before PMWS diagnosis. However, in Sp-2 
and Sw-1, the statistically significant increase 
in mortality percentage was detected eight 
and five points before PMWS diagnosis, 
respectively. In addition, in herd Sp-3, a spo-
radic increase in mortality was detected six 
points before PMWS  diagnosis.

In herds in which < 10 points were available 
at the time of PMWS diagnosis, the system 
was out of control in four of the six studied 
herds: the three French herds (Figure 3) and 
one of the Danish herds (Figure 4). In herds 
Dk-1 and Dk-3, although mortality percent-
ages at PMWS diagnosis were always higher 
than the values recorded before diagnosis, 
no changes in the stability of the system were 
detected, according to the statistical process 

control criteria. Furthermore, mortality per-
centage at the time of PMWS diagnosis was 
higher than the upper control limit in only 
one of the six studied herds  (Fr-3).

Apart from PMWS, no other clinically 
significant diseases or pathogens associated 
with the observed increases in mortality 
were reported in the studied  herds.

Discussion
Currently, criteria to establish a PMWS 
diagnosis in individual pigs are well defined 
and internationally accepted.1,11 However, to 
our knowledge, criteria to establish a PMWS 
diagnosis at herd level have not been reported 
in peer-reviewed journals, although guidelines 
have been suggested and published in Web 
pages.25 In the present work, a definition for 
PMWS herd diagnosis in herds experiencing 
epidemic PMWS is explored and proposed 
on the basis of scientific and technically 
sound  data.

The present proposal for PMWS herd diag-
nosis is primarily based on overall clinical 
signs in terms of mortality and statistical cal-
culations. Although mortality is a frequent 
clinical outcome of PMWS,1 the specificity 
of this definition relies on PMWS diagnosis 
in individual pigs. Thus, the first step to 
diagnose PMWS in a given herd should be 
individual PMWS definition in at least one 
pig. Results obtained from previous studies, 
where sick pigs from PMWS-affected herds 
were necropsied and histopathologically 

studied,12,20 showed that necropsies must be 
performed in at least three to five pigs show-
ing clinical signs compatible with PMWS to 
be certain of diagnosing PMWS in at least 
one pig with a probability > 95%. The slight 
differences observed between the analyses of 
Spanish, Danish, and Italian data may have 
important implications for selecting the most 
appropriate pigs for necropsies. Lesions and 
viral load diminish with time,2 and it has 
been suggested that pigs should be selected to 
assess diagnostic criteria during the first week 
that they demonstrate clinical signs compat-
ible with PMWS.26 In addition, differences 
between techniques and pathologists assess-
ing histopathological lesions in laboratories 
may also contribute to differences obtained 
among countries.27 From a practical point of 
view, examining three to five pigs is usually 
affordable for practitioners in terms of time 
and physical  effort.

It is important to take into account that, in 
herds with very good performance data, indi-
vidual animals may fulfill the three individual 
diagnostic criteria for PMWS.28 However, 
when a herd is affected by PMWS, there is a 
worsening in general health status, causing 
increases in parameters such as mortality, 
number of culls, and feed conversion ratios, 
and decreases in other parameters, such as 
average daily gain.5,6 Therefore, a PMWS 
herd diagnosis should parallel a clinical 
problem present and detectable in the herd. 
Among the productive parameters affected 
by PMWS, mortality was the one chosen 
to explore a potential herd case definition 
for several reasons. This disease causes high 
mortality, especially in acute outbreaks,5,6 
and the number of dead pigs is usually an 
available parameter,29 since almost all herds 
count the number of pigs entering and leav-
ing a facility. Other production parameters, 
such as body weight, which is necessary to 
calculate average daily gain, are less easily 
attained, and they are therefore less likely to 
be available than  mortality.

Statistical process control allows an inves-
tigator to explain with statistical confi-
dence whether performance is remaining 
unchanged or getting better or worse with 
time.17 When SPC techniques were applied 
to longitudinal mortality data for PMWS 
herd diagnosis, it was observed that, in 
most studied herds (eight of 10), the system 
became unstable before or around the time 
when PMWS was diagnosed in individual 
animals. These results suggested that PMWS 
was directly related to an increase in mortality 

Table 2: Probability of diagnosing one pig affected with postweaning multisys-
temic wasting syndrome depending on the number of necropsied  pigs*

* Shading indicates probability >  95%.

No. of  
necropsied  
pigs

Probability (%)
Grau-Roma et al, 200912 Sarli et al, 200920

Spanish data Danish data Italian data
1 45.56 56.04 68.12
2 70.37 80.68 89.84
3 83.87 91.51 96.76
4 91.22 96.27 98.97
5 95.22 98.36 99.67
6 97.40 99.28 99.90
7 98.58 99.68 99.96
8 99.23 99.86 99.99
9 99.58 99.94 approaching 100.00

10 99.77 99.97 approaching 100.00
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in the herds, and therefore it is a parameter 
that can potentially be used to establish a 
PMWS herd  diagnosis.

It is stated that 20 to 25 data points are 
needed on a control chart before the lim-
its are sufficiently “firmed-up,” allowing 
confident detection of a special-cause varia-
tion.24,30 With fewer data points, the result-
ing control limits are regarded as being “soft” 
or “provisional.”24 Indeed, mortality was not 
unstable according to SPC at the time of 
individual PMWS diagnosis in two of the 10 
studied herds (Dk-1 and Dk-3) where only 
six data points were available. Nevertheless, 
although < 20 points were available for 
herds Dk-2, Fr-1, Fr-2, and Fr-3, an increase 
in mortality was detected at the time of 
PMWS diagnosis in these herds. This result 
supports the idea that control charts can be 
used even when few data points are available, 
although it is necessary to use > 20 points 
to avoid false-negative results.24 Instability 
in the system was detected at several points 
before individual PMWS diagnosis in herds 
Sp-2 and Sw-1, suggesting that PMWS 
was already present some weeks or months 
before the diagnosis was established by labo-
ratory testing in these herds. Thus, there may 
be a delay between an increase in mortality 
and the decision to perform diagnostic stud-
ies, including histopathological examina-
tions. However, it cannot be ruled out that 
the increases in mortality detected before 
PMWS diagnosis were at least partially due 
to other undetected diseases or  pathogens.

Statistical process control is an accessible 
technique that allows producers to moni-
tor the longitudinal evolution of mortality 
and provides an alarm signal when there is 
a disturbance in the normal behavior of the 
herd. The application of SPC technique, 
together with observation of clinical signs 
compatible with PMWS, will suggest to 
the veterinarian the necessity of performing 
necropsies and histopathological diagnosis. 
Thus, SPC techniques performed on mortal-
ity data represent an unbiased way to define 
a PMWS diagnosis on a herd  basis.

Another approach might be the use of 
chi-square tests to detect a statistically sig-
nificant increase in mortality by comparing 
proportions of mortality in different batches 
of pigs (during and before the PMWS out-
break). However, the chi-square test com-
pares mortality rates at only two time points 
rather than providing an overview of the 
longitudinal evolution of mortality as SPC 

Figure 1: Control charts of mortality data from three Spanish herds (Sp-1, Sp-2, 
and Sp-3) collected during an approximately 2-year period. The time when 
postweaning multisystemic wasting syndrome was diagnosed is indicated by a 
red arrow. Points where the system is unstable are indicated by red asterisks. The 
central light blue line represents the mean of mortality. Broken lines indicate upper 
and lower control limits (corresponding to ± 1σ, ± 2σ, and ±  3σ).
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techniques do. Even if mortality records for 
several age categories are missing in a given 
herd, it is possible to define a significant 
increase in mortality when it exceeds the 
national or regional mean by 50%, as previ-
ously suggested in the framework of the 
European Consortium of 15 research groups 
on  PCVD.25

Implications
•	 	A	herd	PMWS	diagnosis	can	be	

established when two criteria are 
fulfilled: an increase in postweaning 
mortality compared to the historical 
background in the herd, concurrent 
with observation of clinical signs com-
patible with PMWS; and diagnosis of 
PMWS in at least one of three to five 
pigs necropsied at that  time.

•	 	Diagnostic	procedures	must	be	imple-
mented to exclude other potential 
causes of high  mortality.

•	 	SPC	may	be	used	to	define	a	herd	case	
diagnosis of PMWS when there is a 
significantly demonstrable increase 
in postweaning mortality compared 
to the historical background in that 
herd in association with clinical signs 
compatible with  PMWS.

•		 SPC	techniques	require	>20	data	
points to obtain reliable  results.

Figure 2: Control chart of mortality data from a Swedish herd (Sw-1) collected at 
2-week intervals during an approximately 1-year period. The time when post-
weaning multisystemic wasting syndrome was diagnosed is indicated by a red 
arrow. Points where the system is unstable are indicated with red asterisks. The 
central light blue line represents the mean of mortality. Broken lines indicate upper 
and lower control limits (corresponding to ± 1σ, ± 2σ, and ± 3σ).
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Figure 3: Control charts of mortality data from three French herds (Fr-1, Fr-2, and 
Fr-3) collected during an approximately 1- to 3-year period. The time when post-
weaning multisystemic wasting syndrome was diagnosed in each herd is indicated 
by a red arrow. Points where the system is unstable are indicated with red asterisks. 
The central light blue line represents the mean of mortality. Broken lines indicate 
upper and lower control limits (corresponding to ± 1σ, ± 2σ, and ± 3σ).
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Figure 4: Control charts of mortality data from three Danish herds (Dk-1, Dk-2, 
and Dk-3) collected during an approximately 1- to 3-year period. The time when 
postweaning multisystemic wasting syndrome was diagnosed in each herd is indi-
cated by a red arrow. Points where the system is unstable are indicated with red 
asterisks. The central light blue line represents the mean of mortality. Broken lines 
indicate upper and lower control limits (corresponding to ± 1σ, ± 2σ, and ± 3σ).
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