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We aimed to identify mortality patterns and to establish risk factors associated with different categories
of piglet perinatal mortality in French farms. At farm level, the analyses were performed on data from
146 farms that experienced perinatal mortality problems. At piglet level, the analyses were performed
on data from 155 farms (7761 piglets). All data were collected over a period of 10 years (2004-14) by a
consulting company, using a non-probability sampling at farm level and a random sampling at sow level.
Six main categories of mortality, determined by standardised necropsy procedure, represented 84.5%

Ilgfryt:(\)/:ceiizht of all the perinatal deaths recorded. These six categories were, in order of significance: Death during
Crushing farrowing, Non- viable, Early sepsis, Mummified, Crushing and Starvation. At farm level, the percentage
Mummification of deaths due to starvation was positively correlated to the percentage of deaths due to crushing and the
Piglet mortality percentage of deaths during farrowing (r>0.30, P<0.05) .The percentage of deaths due to crushing was
Starvation negatively correlated to the percentage of deaths due to early sepsis (r<— 0.30, P<0.05) and positively
Stillborn correlated to the deaths due to acute disease (r > 0.30, P < 0.05). Patterns of perinatal mortality at farm level

were identified using a principal component analysis. Based on these, the farms could be classified, using
ascending hierarchical classification, into three different clusters, highlighting issues that underlie farm
differences. Risk factors were compared at piglet level for the different categories of death. Compared
to other categories of death, deaths during farrowing were significantly fewer during the night than
during the day. Compared to other categories of death, the likelihood of non-viable piglets tended to be
higher in summer than other seasons. A smaller number of deaths in the litter was also identified for
the piglets classified as non-viable or mummified. For the six main categories of perinatal mortality, the
piglets which died from a specific category tended to have more littermates which died from the same
category. Parity and litter size also had more significant effects on certain categories of death compared
to others. The study provides novel information on the risk factors associated with specific categories of
piglet perinatal mortality. The classification of farms into the 3 different clusters could lead to a more
targeted management of perinatal mortality on individual farms.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction Westin et al., 2015). The piglets die from a wide variety of causes,

with crushing and stillbirth reported as being the most important

Perinatal mortality is one of the main issues of concern for the
pig industry worldwide, resulting in decreased sow performance
and important economic losses (Houska et al., 2010). Piglet deaths
are a result of the three way interactions between the piglets, the
sow and the environment (Alonso-Spilsbury et al., 2007). The great
majority of piglet deaths occur at an early stage: before birth or dur-
ing the first days of life (Kilbride et al., 2012; Panzardi et al., 2013;
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ones. The breed of the sow, parity, litter size, placental weight and
area, location in the uterus, prenatal nutrition and duration of far-
rowing all influence the health and growth of the fetus and the
risk of piglet death (Milligan et al., 2002; Rehfeldt and Kuhn, 2006;
Canario et al., 2007; Beaulieu et al., 2010; Rootwelt et al., 2013).
Moreover, risk factors related to the piglet itself have also been
identified, including weight, sex and vitality at birth (Rehfeldt and
Kuhn, 2006; Canario et al., 2007; Panzardi et al., 2013).

The different causes of piglet perinatal mortality have been
widely reported in the literature, but risk factors are not always
reported for each individual cause. For example, in the study
of Panzardi et al. (2013), although different causes of piglet
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mortality were recorded for the population of interest, the iden-
tification of risk factors was not related to specific causes of death.
Studies have increased the understanding of particular causes of
death, but they do not always provide insights into the under-
standing of piglet death in all farrowing systems (e.g. Pedersen
et al., 2006). Moreover, the misclassification of dead piglets in a
range of categories has been raised as a problem by several studies
(Vaillancourt et al., 1990; Vanderhaeghe et al., 2009; Kilbride et al.,
2012; Westin et al., 2015). Finally, most previous studies focus on
one or more causes, but do not capture the different patterns of
piglet mortality on different farms.

The above observations demonstrate the importance of under-
taking further investigations on this important topic. We conducted
a descriptive cross-sectional study of French pig farms who had
requested support to reduce piglet perinatal mortality. The first
objective of the study was to highlight the variation in the risk
factors for the different categories of piglet death, instead of con-
sidering perinatal mortality as a single entity (Panzardi et al., 2013;
Ferrarietal.,2014). The second objective was to determine whether
characteristic clusters of farms could be identified on the basis of
their mortality patterns. This classification will help to develop a
more targeted response to reduce piglet mortality, through the
development of different strategies adapted to the different mor-
tality patterns.

2. Materials and methods
2.1. Population of interest

The data were collected by the CCPA-DELTAVIT Lab., a French
consulting company for animal nutrition and health. The reference
population for this study was French farms with piglet perinatal
mortality problems; particularly those that had a proactive position
to the problem. The farms included in the study had either a perina-
tal mortality problem reported by a consultant or veterinarian, or
self-reported by the farmer. The farms were either breeder-fattener
or specialized breeding farms (without fattening pigs). Perinatal
mortality was defined as non-viable and mummified piglets, still-
born piglets, and piglets born alive which died within the first 48 h
of life.

2.2. Sampling

For cost, convenience and to ensure representativeness of the
piglet deaths in each farm selected, the sampling carried out by
CCPA was a multistage cluster sampling. The first stage corre-
sponded to a non-probability sampling of farms with perinatal
mortality problems. This classification as a farm with a peri-
natal mortality problem was based on a self-assessment. The
second stage corresponded to a targeted random selection of 20
sows per farm. The sows in a farrowing unit at a designated
time were selected for this study, whether they had perina-
tal mortality or not. For the last stage of sampling, the litter
size of these sows were recorded and all dead piglets were
collected and examined by the laboratory and reported in the
database. Overall, farms in 12 regions were involved in the study
(Alsace, Aquitaine, Auvergne, Basse-Normandie, Bretagne, Centre,
Franche-Comté, Lorraine, Midi-Pyrénées, Normandie, Pays-de-la-
Loire, Poitou-Charente). A sample size calculation was carried out in
order to confirm that, considering the 3 level sampling, the number
of piglets available in the database was adequate for the objec-
tives of the study (Teerenstra et al., 2008). The minimum sample
size calculated was 4269 piglets. The details of the calculations are
reported in the Material S1 of Supplementary file. In total, 162 farms
reporting perinatal problems participated in the audit organized by

CCPA between 2004 and 2014 and, therefore, were sampled for the
study. The sample included 2849 sows and 8666 dead piglets.

2.3. Piglet necropsy

A necropsy was carried out by the laboratory, following a stan-
dardized methodology to classify piglets. A decision tree, based on
multiple criteria, was developed by CCPA to classify the dead piglets
into 16 different categories during the necropsy: anaemia, arthritis,
starvation, dehydration/enteritis, crushing, acute disease, malfor-
mation, splayleg, killed by the sow, killed by the farmer, unknown
category, early sepsis, mummified, death before farrowing, death
during farrowing, non-viable piglet. Only the non-viable piglets,
defined as piglets weighting less than 800 g, were not necropsied.
The definitions and details for each of the categories are reported
in Table S1 of the Supplementary file.

2.4. Data and data management

The field work resulted in two datasets: one at piglet and one
a sow level. For the purpose of the analysis, these datasets were
matched to each other to produce two datasets: one at farm and
one at piglet level. Duplicate records were removed and further
data management was then conducted either at farm level or piglet
level.

2.4.1. Data management at farm level

For each farm, the percentage of total mortality attributable to
each category of perinatal mortality, the total percentage of mortal-
ity, the average sow parity, the average litter size and the average
weight of the dead piglets were calculated. The values of the vari-
ables for each farm were based on the sample of ~20 sows selected.

% of mortality in the category X

= Number of deaths in the category X /total piglet deaths

The region where the farm was located was identified from the
farm address. Of the 162 farms assessed, one farm had no loca-
tion recorded. This farm was kept in the dataset, but with region
“unknown”. In order to avoid misinterpretation of the percent-
ages of the different categories of piglet death, thirteen farms were
excluded due to several dead piglets without a reported category of
mortality. The remaining 149 farms were inspected for outliers, for
average weight at death and litter size. The first and the third quar-
tiles were used for the calculation of the interquartile range (IQR).
We identified the outliers as those outside the limits of 1.5x IQR
beyond the first and the third quartiles, and removed these from
the dataset.

2.4.2. Data management at piglet level

After removal of duplicate data, data not biologically possible
and piglets without death category, the dataset of dead piglets
was analysed to identify and remove outliers using the IQR rule
explained above. We then grouped, in a new “other categories” cat-
egory, the less common causes of death which represented <5% of
the total perinatal mortality. Therefore the piglets could be clas-
sified in one of 7 categories (Table 1). A season (spring, summer,
autumn, or winter) was assigned to the piglet based on its date of
birth.

2.5. Data analysis

For each continuous variable, at farm and piglet level,
the median, the first and third quartile, minimum and
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Table 1
Categories and definitons of piglet perinatal mortality.
Categories Definitions
Non-viable Piglets <800 g excluding mummified piglets
Starvation Mature lungs, abrasion of the feet, death after farrowing, empty stomach and
intestine, no organ lesions visible during the necropsy, urate crystals in the
kidneys
Crushing Mature lungs, death after farrowing, lesions of trauma, signs of compression
on the skin, internal bleeding, broken rib, tongue hanging out of the mouth
Early sepsis Incomplete lung maturation, lack of abrasion of the feet, no signs of autolysis
lesions but lesions of septicaemia, inflammatory lesions, peritonitis, fibrin in
the abdomen, systemic lymphadenomegaly and lymphadenitis.
Mummified Death during gestation after ossification, signs of mummification

Death during farrowing

Incomplete lung maturation, lack of abrasion of the feet, differential colour of
the organs, congestion of the intestine, meconium on the skin, pale skin with

purplish skin haemorrhage, no signs of septicaemia

Other categories
above

Piglets which have not been identified as one of the 6 categories reported

maximum values were calculated The percentage distribu-
tions were described for the following categorical variables:
Region, Regional categories (region E with>2000000 pigs, region
D with 1000000-2000000 pigs, regionC with 500000-1000000
pigs, region B with 200,000-50,000 pigs, region A with <20,0000
pigs), Season and Time of death (night/day) (see Table S2 of the
Supplementary file).

2.5.1. Farm level analysis

In order to understand the association between the different
categories of piglet death and estimate the necessity of omitting
variables in the Principal Component Analysis (PCA) (see below),
correlation coefficients were calculated. Data on the percentages
of mortality, the average litter size, the average weight of dead
piglets and the average parity were evaluated for normality using
the Shapiro-Wilk test. Pearson’s correlation coefficients were cal-
culated for continuous variables with a normal distribution and
Spearman'’s rank correlation coefficients for the continuous vari-
ables not normally distributed.

To identify perinatal mortality patterns and classify the farms
according to these, a PCA and an Ascending Hierarchical Clustering
(AHC) were used (Messad, 2012). Eight variables were considered
in the analysis to identify farm profils: the percentage of the 6
most common categories of perinatal mortality identified above,
the average litter size and the average weight of the dead piglets.
This analysis used a similar methodology to that applied to iden-
tify sub-scales in animal-based measures expressed in percentages
(Munsterhjelm et al., 2015).

The average weight of dead piglets and the percentage of
non-viable piglets were highly negatively correlated, which could
increase their contribution to the components and slightly overem-
phasize the projected inertia of the components they belong to.
However, considering that the weight of the dead piglets might
also have an impact independently from the percentage of non-
viable piglets, we decided to keep both of them in the analysis. We
inspected the barplot of the Eigenvalues and we based the selection
of the number of components on the Kaiser criterion (Kaiser, 1960).
The cumulative percentage of the projected inertia was calculated.
The contributions to the principal components (absolute contribu-
tions) and the quality of the representation of the variables on the
component (relative contributions) were also calculated. In order
to assess the possible impact of the small sampling error, we calcu-
lated the Jackknife values, the Jackknife estimate of standard error
and the Jackknife estimate of bias for the eigenvalues of the 3 first
components. The nonparametric bootstrap procedure was used to
assess the stability of the Eigenvalues and visualize the histograms
of these values (Besse, 1989).

We used an AHC based on the variables used in the PCA, to place
individual farms into different classes. The “Euclidean” distance
was calculated between the individual farms based on the 3 first
components selected from the PCA and the clustering was achieved
based on the “Ward” criteria. A diagram of the indices of clustering
and a cluster dendogram were built to choose the number of clus-
ters, which was based on the drop of the indices of clustering on
the diagram and the length of the tree branches on the dendogram.

The association between the partition and the variables which
had not been used to build the classes (the percentage of all other
categories of mortality, total percentage of dead piglets, average
parity, season, region category, year) was analysed with test values
by comparing the mean of the continuous variables, or the propor-
tion for categorical variables, in the cluster and the total sample
(Messad, 2012).

2.5.2. Piglet level analysis

To identify risk factors for the 7 categories of perinatal mortality,
we used models which captured the two levels of hierarchy (sows
and farms) and the effect of time (year), in an analysis performed at
piglet level. The nature of the available data did not allow a classical
risk factor analysis through comparison with piglets still alive after
48 h, for which we had limited data. Therefore, the analysis focused
on the comparison of each of the 7 categories of mortality with all
the other categories, to highlight particular factors related to cer-
tain categories of mortality. To solve the problem of quasi-complete
separation for certain variables in the dataset, we used a maximum
a posteriori estimation for generalized linear mixed-effects mod-
els in a Bayesian setting (Dorie, 2014). A weak prior was added
to the fixed effects of the generalized linear mixed-effects models.
We built 7 models-one for each category of death. The dependent
variable was the binary data related to the category of death (died
from the category of interest vs died from another category) for
the following 7 categories: early sepsis, death during farrowing,
crushing, starvation, non-viable, mummified and ‘other’. In each
model, the independent variables were categorical variables (sea-
son, parity, time of death (night/day), weight of the dead piglets)
and continuous variables (litter size, number of deaths in the same
litter, number of other deaths from the same category). In order
to solve the problem of convergence of the models, the weight of
the dead piglets was transformed into a categorical variable (equal
or under the mean(<=1031 g) vs above the mean (>1031 g)) and the
parity was grouped in 3 categories (Parity1 to 2, Parity 3-5 and Par-
ity >=6). The sow nested within farm and the year was considered
as a random effect. For all models, univariate analyses were first
conducted for the independent variables. Only the variables with
p <0.25 were selected for the multivariate models. Variables not
significant in the multivariate model, which increased the value of
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Table 2

Descriptive analysis of the categories of perinatal mortality at farm level: Median, 1 st quartile, 3rd quartile, minimum and maximum values for the percentage of dead piglets
attributed to each category, the percentage of total piglet deaths (TPM), the average parity (AVGP), the average litter size (AVGL) and the average weight of the dead piglets

(AVGW).

min 1 st quartile median 3rd quartile max
Anemia (%) 0 0 0 0.58 344
Arthritis (%) 0 0 0 0 1.41
Starvation (%) 0 0.32 0.81 1.69 25
Dehydration/enteritis (%) 0 0 0 0.203 10.2
Crushing (%) 0 0.34 133 2.26 30.2
Unknown (%) 0 0 0 0.455 239
Early sepsis (%) 0 1.76 2.86 4.84 64.7
Acute disease (%) 0 0 0.49 1.26 28
Malformation (%) 0 0 0 0.31 5.63
Mummified (%) 0 0.933 1.89 3.08 40.5
Death before farrowing (%) 0 0 0.57 117 229
Death during farrowing (%) 0 2.83 4.1 5.58 65.8
Non-viable (%) 0 241 3.95 5.87 434
Splayleg (%) 0 0 0 0 7.98
Killed by the sow (%) 0 0 0 0.35 10.7
Killed by the farmer (%) 0 0 0 0 3.79
Total piglet mortality (TPM) (%) 5.15 16.8 19.9 235 40.1
Average sow parity (AVGP) 2.64 3.47 3.93 4.5 6
Average litter size (AVGL) 12.6 14.8 15.6 16.3 18.4
Average weight of the dead piglets(AVGW) (g) 765 963 1036 1125 1367

the AIC and the BIC, were removed from the model. The interactions
between variables were not tested.

For two categories of mortality, the weight of the piglets was
limited by definition: non-viable piglets could not exceed 800 g and
mummificationis associated with foetal death and therefore results
in reduced average weight of the piglets. These impact on the gen-
eral mean weight compared to the mean weight of the category of
interest in the different models. For a better understanding of the
weight differences between each of the categories of death, we con-
ducted an ANOVA test to compare the mean weights of the different
categories. A Fligner test was conducted to assess the homogeneity
of the variance and a post hoc test carried out to compare the mean
weights of individual categories of death, with the Bonferroni cor-
rection used for these comparisons to avoid an over-estimation of
the differences. The difference was considered significant when a
p-value lower than 0.05 was obtained (Crawley, 2013).

Finally, in order to comment on the timing of the death of the
mummified piglets during pregnancy, we approximated the gesta-
tion day of the foetal death on the basis of the crown-rump length
transformation developed by Ullrey et al. (1965), Straw et al. (2006)
and described this distribution.

Data processing was carried out using Microsoft Access Office
Professional Plus 2010 and Microsoft Excel Office Professional Plus
2010 to create the datasets. The data were analysed with RStudio
for R-3.1.0 software for Windows (64 bit).

3. Results
3.1. Descriptive analysis at farm level

From the 149 selected, three farms were identified as outliers.
One farm had an average parity of 6.42, which was considered
abnormally high, while two farms had an average litter size of 11.7
and 11.1, which were considered abnormally low. After data pro-
cessing and outlier removal, the final database included 146 farms
in which an average of 18.1 4 5.62 sows per farm was finally sam-
pled. From these sows, 40,101 piglets were born including 7928 that
died before farrowing or within the 48 h after birth. More than 80%
of the farms were from the most pig productive regions in France,
with a pig population of more than 1,000.000 pigs (Regions D and
E). More than 90% of the farms had a percentage of perinatal mor-
tality between 10 and 30%. The results of the descriptive analysis

for the different categories of perinatal mortality are presented in
Table 2.

3.2. Correlations at farm level

All variables, with the exception AVGL and AVGW, were not
normally distributed (P <0.05). The correlations were considered
significant for r>0.3 and P<0.05. The average weight of dead
piglets was negatively correlated to the percentage of mummi-
fied piglets (r=-0.371, P<0.01) and non-viable piglets (r=-0.728,
P<0.01) and positively correlated with the percentage of early
sepsis (r=0.324, P<0.01). The percentage of early sepsis was nega-
tively correlated to the percentage of death by crushing (r=-0.457,
P<0.01). The percentage of piglet deaths due to acute disease
was positively correlated to the percentage of deaths by crushing
(r=0.408, P<0.01). The percentage of piglet deaths during farrow-
ing was negatively correlated to the percentage of piglet deaths due
to starvation (r=-0.391, P<0.01). The percentage of piglet deaths
by crushing was positively correlated with the percentage of piglet
deaths due to starvation (r=0.333, P<0.01).

3.3. Principal components analysis

The results showed that 4 components had an Eigenvalue higher
than 1. The 3 first components were retained in the model as the
Eigenvalue of the fourth component was very close to 1. These
3 components explained 62.76% of the total variance for the 8
variables of the dataset [Table S3 of the Supplementary file]. The
Jackknife estimations of the standard error of the Eigenvalues were
0.172 for the first component, 0.133 for the second component and
0.107 for the third component. After bootstrapping, the confidence
intervals of the cumulative projected inertia of the 3 first compo-
nents ranged from 56.86% to 72.41% [Table S4 of the Supplementary
file]. The absolute and the relative contributions of the variables for
each component are reported in Table S5 of the Supplementary file.

3.4. Ascending hierarchical classification

A partition into 3 clusters was determined after the examina-
tion of the diagrams. A drop in the indices of the clustering after
the second barplot of the cumulative indices of clustering of the
farms, and a longer length of the tree branches for a partition in 3
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Fig. 1. Three different clusters identified by Ascendant Hierarchical Clustering (AHC) in a sample of French pig farms and represented on the factorial plane 1-2 of the
Principal Component Analysis (x-axis: Principal Component 1 (PC1), y-axis: Principal Component 2 (PC2)). The percentage of the variance of the active variables explained
by the two first Components are also given on the axes. Differences between clusters can be identified by the higher coordinates they show on particular factorial axes.

Table 3

Description of 3 clusters identified amongst 146 French pig farms through a Principal Component Analysis (PCA). This description was based on 8 active variables (the 6
most common categories of perinatal death, average litter size, average weight of the dead piglets) and supplementary variables. The supplementary variables tested for
the analysis were: percentage of acute disease, dehydration/enteritis, splayleg, piglets killed by the sows, piglets killed by the farmer, death before farrowing, malformation,

unknown categories, arthritis, anemia, average parity, year, season, region category.

Cluster 1 Cluster 2 Cluster 3

Mean SD mean SD mean SD
Active variables
Starvation (%) 8.95 5.62 222 242 2.89 3.13
Crushing (%) 11.21 7.19 2.20 3.42 4.87 4.15
Early sepsis (%) 15.21 8.37 27.82 17.57 15.54 10.72
Mummified piglets (%) 10.33 5.85 413 3.64 13.86 7.66
Death during farrowing (%) 18.03 8.10 40.91 13.86 21.54 8.83
Non-viable piglets (%) 18.34 7.20 12.23 5.78 27.71 8.80
Average litter size 15.31 1.00 15.03 1.12 15.99 1.19
Average weight (g) 1082.46 84.27 1184.56 86.26 943.43 68.93
Supplementary variables
Acute disease (%) 5.32* 5.61 1.27* 2.45 3.50 3.68
Dehydration/Enteritis (%) 1.33* 2.34 0.26 0.91 0.57 1.20
Splayleg(%) 0.77 1.66 0* 0.00 0.53 1.55
Killed by the sows (%) 1.14 1.83 0.25* 0.87 0.94 1.62
Total mortality (%) 21.04 5.76 16.65* 3.73 20.62 5.52

* variables significantly associated to the cluster.

clusters instead of a higher partition, suggested this to be the best
classification [Fig. S1 of the Supplementary file].

A visual inspection of the partition of the farms, represented
on the factor map of components 1 and 2, shows the differences
between the different clusters [Fig. 1]. Cluster 2 tended to have
higher coordinates on factorial axis 1; Cluster 3 tended to have
higher coordinates on factorial axis 2 but lower on factorial axis
1, whereas Cluster 1 tended to have low coordinates on factorial
axis 2.

The description of the variables used for the PCA and the addi-
tional continuous variables for each cluster can be seen in Table 3.
The percentage of acute disease was significantly higher for cluster
1 and significantly lower for cluster 2. The percentage of dehydra-
tion/enteritis was significantly higher in cluster 1. The percentage
of mortality, the percentage of splayleg and the percentage of

piglets killed by the sow was significantly lower for cluster 2. The
proportion of farms from the regions with more than 2, 000,000
pigs was significantly higher in cluster 1 and significantly lower for
cluster 3. The proportion of farms from the regions with 200,000 to
500,000 pigs was significantly higher in cluster 3 and significantly
lower for cluster 1.

3.5. Descriptive analysis at piglet level

After removing the outliers, 7761 piglets that died before far-
rowing or within the 48 h after birth were included in the analysis.
These dead piglets were part of 37,356 piglets born and belonged
to 155 different farms. The great majority of the farms were from
two regions, Bretagne (50%) and Pays de la Loire (21%), due to the
proximity of the Laboratory to these. The mean weight of the dead
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Table 4
Categorical explanatory variables used for the multivariable analysis of the 7 categories of perinatal mortality considered at piglet level in French farms.
variable level n (piglets) % variable level n (piglets) %
parity 1 1018 13.12 day day 4456 57.42
2 889 11.45 night 3305 42.58
3 1169 15.06
4 1201 15.47 season Autumn 1617 20.83
5 1082 13.94 Winter 2213 28.51
6 973 12.54 Spring 2185 28.15
7 661 8.52 Summer 1746 22.50
8 422 5.44
9 216 2.78
10 97 1.25
11 26 0.34
12 6 0.08
13 1 0.01
Table 5 litter increased. Mummified piglets tended to have more litter-

The 7 categories of perinatal mortality in the sample of French pig farms: number
of piglets and percentages under each category.

Categories Number of piglets Percentages
Death during farrowing 1785 23.0%

Non- viable 1658 21.4%

Early sepsis 1366 17.6%
Mummified 856 11.0%
Crushing 608 7.83%
Starvation 433 5.58%
Other 1055 13.59%
Total 7761 100%

piglets was 1031 g with a standard deviation of 437.9 g. The aver-
age litter size at birth was 16.8 piglets per sow, with a minimum of
9 and a maximum of 25. The description of the categorical data is
presented in Table 4.

The 6 mortality categories considered in the analysis repre-
sented 84.41% of the total perinatal mortality [Table 5].

3.6. Risk factor analysis

3.6.1. Early sepsis

Compared to all the other categories of death, the piglets which
died with signs of early-sepsis tended to have more littermates
which also died with signs of early sepsis. Piglets in parities 3-5
were more likely to die with signs of early sepsis than being classi-
fied in another category of death, compared to piglets from parities
1 and 2 [Table 6].

3.6.2. Non-viable piglets

Compared to all the other categories of death, the farms had
less likelihood of non-viable piglets in summer than in autumn
and spring (P~ 0.05). The likelihood of being non-viable slightly
decreased when the number of deaths in the litter increased. Com-
pared to all the other categories of death, the non-viable piglets
tended to have more littermates which were also non-viable piglets
[Table 6].

3.6.3. Death during the farrowing

The deaths during farrowing were significantly fewer during the
night than during the day compared to other categories of death.
The piglets which died during farrowing tended to have more litter-
mates which also died during farrowing. Piglets were more likely
to die during farrowing than being classified in another category of
death for parities 3-5 compared to parities 1 and 2 [Table 6].

3.6.4. Mummified
Compared to all other categories of death, the likelihood of being
mummfied slightly decreased when the number of deaths in the

mates which were also mummified piglets, than piglets which died
from all other categories [Table 6].

3.6.5. Crushing

Piglets were less likely to die with signs of crushing than being
classified in another category of death in parities 3 and above,
compared to parities 1 and 2. The piglets which died with signs
of crushing tended to have more littermates which also died with
signs of crushing than piglets which died from all other categories
[Table 7].

3.6.6. Starvation

Piglets were less likely to die with signs of starvation than being
classified in another category in parities 3-5 compared to parities
1 and 2. The piglets that died from starvation tended to have more
littermates which also died from starvation than piglets which died
from all other categories [Table 7].

3.6.7. Other categories

Piglets were more likely to be classified in “other categories”
than in the 6 main categories of piglet death in parities 3-5 than in
parities 1 and 2. The piglets which died from “other categories”
tended to be from smaller litters and to have more littermates
which died from “other categories” than piglets which died from
the 6 main categories of piglet death [Table 7].

3.7. Weight by category

The mean weights, the standard deviations (SD) and the number
of piglets (N) for each category are reported in Table 8. The Fligner
test showed heterogeneity of the variance of the weight for the
different categories of mortality. However, the ANOVA had enough
robustness to show the significant differences in weight between
some categories of mortality (P <0.05).

3.8. Length of mummified piglets

The length of the mummies ranged from 12 to 360 mm. Fetal
age was estimated by the size of the mummies: 90.4% of the mum-
mies had a size between 80 and 280 mm (equivalent to a foetal
age between 45 and 108 days of gestation), 98.3% of the mummies
occured after day 40 and 78% of the foetal mummification occurred
after day 65 [Fig. S2 of the Supplementary file].

4. Discussion
The design of the analysis was chosen to identify the impact of

various factors for a specific category of perinatal death, in com-
parison to the impact on all other categories of death, in a sample



Table 6
Multivariate analysis at piglet level for the categories: Early sepsis, Non-viable, Death during farrowing, and Mummified. Odd ratios, confidence interval and p-values of the explanary variables in the final models for the analysis
of risk factors for the 7 categories and of perinatal mortality in a sample of French pig farms.

Early sepsis Non-viable Death during farrowing Mummified
variables level Odd ratios ~ CI95% P-values  Oddratios  CI95% P-values  Oddratios  CI95% P-values  Oddratios  CI95% P-values
(Intercept)  0.061 0.044 0.084 <0.001 0.593 0472 0.746  <0.001 0.093 0.075 0.116  <0.001 0.338 0243 0471  <0.001
Moment of the death during Day NT NT Baseline NT
the day
Night 0.853 0.753 0966 0.012
Weight <Mean Baseline Baseline Baseline Baseline
>Mean 4,099 3.558 4723  <0.001 0.000 0.000 0.002 <0.001 4.134 3.648 4.686 <0.001 0.069 0.054 0.089 <0.001
Number of death in the litter =~ DEATH NT 0.950 0923 0977 <0.001 NT 0.880 0.850 0911 <0.001
Other piglets death from the 0... 1.210 1.124 1303  <0.001 1.311 1239 1386 <0.001 1.206 1.146  1.269  <0.001 1.695 1.537 1.870  <0.001
same cause
Season Summer NT Baseline NT Baseline
Autumn 1.258 0994 1592 0.056 0.940 0.665 1328 0.726
Spring 1.241 0992 1553 0.059 0.803 0583 1.106 0.180
Winter 1.152 0927 1432 0.201 0.893 0.650 1.227 0.485
Parity P1-2 Baseline NT Baseline NT
P2-5 1.241 1.033 1490 0.021 1.346 1.142 1.585  <0.001 0.926 0.738 1.162  0.509
P>=6 1.094 0923 1.298  0.300 1.149 0985 1339 0.077 1.143 0937 1396 0.188
Litter size LITTER NT NT NT NT

NT: Not tested because not included in the final model. CI 95%: confidence intervals at 95%
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Table 7

Multivariate analysis at piglet level for the categories: Crushing, Starvation and Other. Odd ratios, confidence interval and p-values of the explanary variables in the final
models for the analysis of risk factors for the 7 main categories and of perinatal mortality in a sample of French pig farms.

Crushing Starvation Other
variables level 0Odd ratio Cl95% P-values Odd ratios  CI95% P-values Odd ratios  CI95% P-
values
(Intercept) 0.02698 0.019 0.037 <0.001 0.030 0.019 0.045 <0.001 0.169 0.108 0.264 <0.001
Moment of Day NT Baseline NT
the death
during the
day
Night 1.198 0.976 1.470 0.084
Weight <Mean Baseline Baseline Baseline
>Mean 3.901 3.198 4.758 <0.001 1.649 1.350 2.013 <0.001 2274 1.966 2.630 <0.001
Number of  DEATH NT NT NT
death in the
litter
Other 0... 1.546 1.386 1.724 <0.001 1.498 1.307 1.717 <0.001 1.332 1.258 1.412 <0.001
piglets
death from
the same
cause
Season Summer NT NT
Autumn
Spring
Winter
Parity P1-2 Baseline Baseline Baseline
P2-5 0.68292 0.539 0.865 0.002 0.734 0.558 0.965 0.027 0.694 0.571 0.844 <0.001
P>=6 0.77129 0.622 0.957 0.018 0.901 0.708 1.146 0.394 0.927 0.779 1.104 0.395
Litter size LITTER NT NT 0.959 0.937 0.982 <0.001

NT: Not tested because not included in the final model. CI 95%: confidence intervals at 95%.

of French pig farms which experienced perinatal mortality prob-
lems. Therefore, the study was designed to highlight the differences
between categories, rather than identifying an independent list of
risk factors for each of the categories considered.Moreover, the
analysis undertaken allowed us to classify the farms according to
their perinatal mortality patterns. Because of the nature of the
dataset used, its limitations and potential for bias are considered
first.

4.1. Sampling and design limitations

This study highlights the benefits from using available databases
as a valuable source of information for a secondary data analysis.
The sample used had a geographical stratification close to the one
which exists in French pig farms. The average perinatal mortal-
ity rate for the whole experimental population was 20.2% which
is very close to the French national average (20.0%) (IFIP-GTTT,
2014). It should be noted however, that our analysis only consid-
ered deaths in the first 48 h of life; a higher mortality rate might
have been observed if we also had recorded mortality for a longer
time after birth, as they did in different studies (Su et al., 2007;
Strange et al., 2013; IFIP-GTTT, 2014). Moreover, the percentage
of stillborn piglets, excluding mummified piglets, was 9.25% of
the piglets born, which is higher than the French national aver-
age (6.90%) (IFIP-GTTT, 2014). The results should be of particular
relevance to farms which experience perinatal mortality problems
and proactively investigate this problem.

4.1.1. Selection bias and confounding

The missing information about the intra-cluster coefficient
could have led to an underestimate of the minimal number of
piglets necessary for the analysis, but the sample size was calcu-
lated to be more than adequate. Although there was a potential
bias in the farm selection because of the voluntary decision to par-
ticipate in the piglet mortality audit, the affiliation to CCPA had the
positive impact of standardizing the reporting and the piglet mor-
tality classification. This reduced the bias in selection of piglets,

since a random group of sows was studied at each farm and all
dead piglets were taken from the sampled litters. In order to con-
trol for unknown confounding factors connected to the farm or to
the sow, we used a logistic regression with two levels of hierarchy
(sow nested within farm). The multivariate analysis also permit-
ted us to produce Odd ratios adjsted for the other covariates in the
model. The PCA and AHC did not account for the potential sampling
error, as the analysis was based on percentages. The quasi-normal
bootstrap distribution of the Eigenvalues, based on the visualiza-
tion of the histogram, was judged to provide an acceptable proof of
the stability of the result of the PCA.

4.1.2. Information bias

The information was collected over a relatively long period of
time and so the variable ‘year’ was included as a random effect in
each model in order to control its impact. The necropsies were car-
ried out according to a standard operating procedure by trained
staff. Although the reporting form for farm data was standardized,
each farmer was responsible for recording and may have noted
variables in a different way (e.g. recall, intermediate record before
completing the standardized reporting sheet); alternatively, bias
might have been introduced by different interpretations of the real
information. However, the fact that the data were collected on the
same day as the piglet deaths reduced the bias which might be
found in retrospective data.

4.2. Risk factors

4.2.1. Effect of litter size and number of littermates which died
from the same category

Some risk factors had a similar impact on all main categories of
death. Litter size did not influence the chance to die from one spe-
cific category compared to others, except for the category “other”.
This observation confirms that litter size acts as a general risk fac-
tor for the most important categories of piglet mortality (Canario
et al,, 2007; Beaulieu et al., 2010).
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For the six main categories of perinatal mortality, the piglets

o n 0

BRagaluilddl8nun which died from a specific category tended to have more litter-
mates which died from the same category of mortality. This fact

raises the question of the influence of factors related to the sow,

the animal keeper or the farm which impact several piglets in the

o < litter at the same time (Pedersen et al., 2006; Kilbride et al., 2012;

Kirkden et al., 2013). The total number of deaths in the litter tended

to be lower for mummified and non-viable piglets than for other

categories of mortality. These litters might have more deaths at

>< >< the embryonic stage and therefore reduce the number of deaths

considered at birth as these deaths couldn’t be identified (Knight
etal., 1977; Vanderhaeghe et al., 2009). Although, risk factors with
v o % acommon influence on the different categories of piglet death were
identified, some of the studied risk factors had a particular impact
on specific categories of perinatal death.

alalalalolaloliNale 4.2.2. Stillbirths

The mean weight of the piglets dead before farrowing with
signs of autolysis was significantly lower than the mean weight for
the two other categories of stillbirths (death during farrowing and
x alla early sepsis). A previous study has also reported weight differences
amongst stillborn piglets, with 41% of the piglets with a weight
smaller than 1 kg, but 45% with a weight higher than 1.4 kg (Fischer
etal.,2005).In the literature, different mechanisms have been asso-
o XX X ciated to stillborn piglets. A lower birth weight has been correlated
to the probability of stillbirth and the level of asphyxia during far-
rowing (Le Cozler et al., 2002; Herpin et al., 2002). Limitation of the
placental area by the litter size may lead to smaller piglets and less
chance of survival (Rootwelt et al., 2013). The difference in litter
size can impact litter weight, but this parameter alone may not be
a good indicator of the placental capacity, as uterine capacity dif-
fers between sows (Van Der Lende and Van Rens, 2003). Low birth
weight of the piglet has been associated with an increased risk of
stillbirth and pre-weaning mortality in different studies (Skorjanc
et al,, 2007; Beaulieu et al., 2010). However, instead of the cause,
low birth weight may also be a consequence of death early during
s the pregnancy due to causes such as infectious diseases (Maldonado
etal., 2005; Basso et al., 2015). Studies have also reported other cat-
egories of stillbirths during labour due to hypoxia and the rupture
of the umbilical cord (Mota-Rojas et al., 2002; Herpin et al., 2002;
= Fischer et al., 2005; Trujillo-Ortega et al., 2011).
We found fewer deaths at farrowing during the night than dur-

XXX X X X X

B ing the day compared to all the other categories of death, consistent
x § with Vanderhaeghe et al. (2009) who highlighted the fact that other
= daylight activities might stress the sows during the farrowing and
; that stillbirths may be associated with the supervision of the far-
g rowing itself. Thus, the absence of inappropriate supervision during
x s the night might explain the reduced number of deaths during the
2 farrowing. The details about farrowing assistance and drug injec-
2 tions carried out in the different farms might be of interest to
« e} understand the influence of such factors.

= Finally, compared to all the other categories, piglets were more
E likely to die during farrowing or die with signs of early sepsis in
5 parities 3-5 than in parities 1 or 2. This is in agreement with other
Nennggenegennels studies in which the risk of stillbirth was higher for older parity

E’ E § E § g E § § @ E g § § sows (Lucia et al., 2002; Borges et al., 2005).
e et The distribution of the length of the mummies did not show
2 R z the bimodal distribution found in a previous study (Vanderhaeghe
b g g g % et al., 2009) which might be the consequence of missing some of
g we E = § E| 2 the smallest mummies, expelled with the placentae. The uterine
<& 2323 E %03 £E|5 crowding and placental development earlier in pregnancy impact
SEPSSETEIEpRE|S h ber of piglet deaths in later pregnancy (Le Cozler et al.
S82lL5E=S13E3|8 the num pig pregnancy { € & 2.,
g § E533232 § %E g = 2002; Borges et al., 2005; Rootwelt et al., 2013). Previous studies
X suggested that the placenta reaches its maximum size at day 50-70
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of pregnancy (Knight et al., 1977; Van Der Heyde et al., 1989; Mesa
et al., 2012), but placental insufficiency can impact survival from
day 40 of pregnancy (Knight et al., 1977; Marsteller et al., 1997).
In this study 78% of the foetal mummification occurred after day
65, with a clear increase of the number of mummies following this
day, but also more than 90% occurred after day 40 of the pregnancy.
However, larger litter size and higher parity were not a greater risk
for mummification than for other categories of death, confirming
that the crowding effect of larger litter size would not only increase
the incidence of mummies (Dewey et al., 1999; Mengeling et al.,
2000; Maldonado et al., 2005; Rootwelt et al., 2013; Basso et al.,
2015).

4.2.4. Non-viable, starvation, crushing

Low correlations were found between the percentages of the
different mortality categories at farm level. Only crushing and
starvation had significant correlations with more than one other
category of death. This observation supports the idea that starva-
tion and crushing are part of a process which impairs the viability
and/or the thermoregulation of the piglet and can lead to other cat-
egories of death before or after birth (Herpin et al., 1996; Herpin
et al., 2002; Edwards, 2002; Alonso-Spilsbury et al., 2007). Low
birthweight, associated with other factors, may expose piglets to
a higher risk of death or impact growth (Douglas et al., 2013). In
our analysis, piglets which suffered from starvation had a signifi-
cantly smaller weight than piglets which died from other categories
except malformation and death before farrowing. The relationship
between birth weight and time to first suckle, and the subsequent
risk of starvation, have been documented (Ribeiro Caldara et al.,
2014). However, direction of causality between lack of suckling
and weight could not be assessed in the present study. In con-
trast, piglets which died due to crushing had a significantly higher
weight compared to those which died from starvation or certain
other categories of death. However, the bigger size of the piglet is
not necessarily correlated to piglet metabolic development; new
breeds may have bigger piglets, but less viable ones (Herpin et al.,
1993).

Piglets were less likely to die with signs of crushing in older
parities than in parities 1 and 2 and were less likely to die with
signs of starvation in parities 3-5 than in parities 1 and 2. This is
in agreement with another study that reported higher likelihood of
crushing in younger parity sows (Kilbride et al., 2012).

The genetic selection for litter size generates heterogeneous lit-
ters with a greater number of small piglets which are more likely
to suffer from successive uterine contractions and placental ineffi-
ciency (Knight et al., 1977; Alonso-Spilsbury et al., 2007; Rootwelt
et al., 2013). If the piglet does not die during gestation or at far-
rowing, the simultaneous selection for lean tissue leads to piglets
born in a less mature state; this makes them less able to maintain
their body temperature, less viable at birth and unable to compete
for food with their larger littermates (Herpin et al., 1993; Herpin
et al,, 2002; Panzardi et al., 2013). In the chain reaction illustrated
above, some environmental factors may enhance the risk for cer-
tain categories of death more than other categories and at different
moments of the piglet’s life. Some of the less well developed piglets,
defined as non-viable piglets with a smaller weight compared to
the other categories, were less likely to die in summer than autumn
and spring. From the six main categories of mortality, only the non-
viable piglets showed this trend. Few studies have demonstrated
the impact of high environmental temperature on other categories
of piglet death (Odehnalova et al., 2008; Segura-Correa and Solorio-
Rivera, 2007), but there is no evidence in the literature about the
impact of the temperature on non-viable piglet. Nevertheless, we
need to determine if this seasonal effect is real or acts as a proxy
for other, non-recorded factors.

4.3. Farm clustering

In addition to risk factors related to particular categories of
perinatal death, three mortality patterns were identified in the
sample. The first cluster grouped farms with a higher perinatal
mortality rate due to crushing and starvation, but also acute dis-
eases and dehydration or enteritis. All these categories appear after
the piglet birth, and some of these categories showed correlations,
supporting the idea of a common process which impairs the via-
bility, the thermoregulation and the susceptibility to infections of
the piglets (Herpin et al., 1996; Edwards, 2002; Alonso-Spilsbury
et al., 2007). Such farms tended to be located in Regions with an
important pig production and this observation raised the question
about the impact of the level of intensification on this cluster. How-
ever, other factors, not recorded, may influence post-natal death
due to crushing or starvation (Cronin et al., 1996; Svendsen and
Steen Svendsen, 1997; Weary et al., 1996; Wischner et al., 2009;
MeliSova et al., 2011). Further analyses are necessary to identify
common risk factors for the different categories of death of this
cluster and identify the potential connection between risk factors
and the strategy adopted by a particular pig production system.

The second cluster grouped farms with a high rate of death dur-
ing the farrowing and early sepsis. The mortality rate was low and
the dead piglets had a higher average weight. One study highlighted
that intra-partum stillbirths can be affected by the interaction
between group gestation pens and the farrowing crate systems,
especially in first parity sows (Cronin et al., 1993). Moreover, an
inappropriate use of oxytocin has been suggested as a risk factor
for intrapartum death (Mota-Rojas et al., 2007). As the prevalence
of death during farrowing is particularly high in this group, the
identification of other risk factors related to this category might
help to identify if farrowing management practice and the farming
system might have influenced the perinatal mortality pattern.

The third cluster grouped farms with a small average weight
of the dead piglets, due to the higher rate of mummified and non-
viable piglets. The deaths before farrowing seem to have the biggest
influence in this cluster. The season and the number of deaths
in the litter showed a significant impact on the mummified and
non-viable piglets. The average litter size in this cluster was also
higher, raising the question about an intra-uterine crowding effect
(Herpin et al., 1996; Pére and Etienne, 2000; Rootweltet al., 2013).
Regarding the specificity of the hyperprolific sows, Martineau and
Badouard (2009) highlighted the necessity to develop strategy but
also tactics. More details are required to understand the strategy
adopted for hyperprolific sows in this cluster and identify the risk
factors for the prenatal death.

5. Conclusion

Through the comparison of the different categories of mortal-
ity and the classification of the farms according to their perinatal
mortality problem, we provide new insights into the problem of
piglet mortality. The deaths which occur before or during birth
represent the main category of loss and should be given special
attention in terms of remedial strategies. Our study highlighted the
importance of identifying the different categories of death as the
result of a chain reaction which impairs the viability of the piglets.
However, our results also showed that the influence of risk factors
differs between the categories of death and the problem of perina-
tal mortality should not be considered as homogenous. Considering
different categories of stillbirth has proved to be valuable, as dif-
ferent categories of stillbirth are affected by different risk factors.
The deaths during farrowing seemed to be more influenced by the
time of the day when the piglets were born, implicating impact of
management practices during the farrowing. The mummified and
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non-viable piglets represented an important part of piglet deaths,
suggesting intra-uterine competition as a critical factor.

The separation of the farms into different clusters indicates the
necessity for a better understanding of the similarities and dif-
ferences between these clusters in order to target their specific
weaknesses according to farm type. This knowledge will improve
the diagnosis and solution of problems in terms of management or
genetics.
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