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Simple Summary: Genetic selection increased sow productivity over the last decades, but also
increased sow mortality. The impact of mortality includes financial losses, affects labor morale, and
raises ethical and animal-welfare concerns. Despite the impact of mortality, the literature is still
scarce regarding risk factors for post-mortem findings and bacterial agents involved. Therefore,
the present study was conducted to investigate the cause and risk factors related to post-mortem
findings in sow death by performing post-mortem examinations, bacteriological investigations, and
evaluations of individual sow records. Spontaneous death occurred mainly in the peripartum period.
Deaths in the peripartum period were associated with heart failures, genitourinary disorders, and
prolapses. Euthanized sows had more locomotor disorders. Sow mortality had a multifactorial
etiology including infectious and non-infectious agents; in 75% of the deaths, lesions affecting more
than one system were observed. Infections were polymicrobial. The high index of secondary lesions
such as gastric ulcers, cystitis, locomotor disorders, and lung pleurisy raise concerns about sow
welfare. This study can be used to identify females with a higher risk of injuries and to guide
management practices to reduce sow death and increase sow welfare in breeding herds.

Abstract: The present study was conducted to investigate the risk factors for post-mortem findings
and causes of sow mortality. A post-mortem examination and microbiological investigation were
conducted on 123 sows from a breeding herd with 15,000 dams. The mortality of spontaneous
death in sows occurred mostly in the peripartum period (53%; p < 0.05). The spontaneous deaths
were associated with heart failures, hemorrhagic and perforating gastric ulcers, and liver torsion,
while in the euthanized sows, the post-mortem findings were associated with locomotor disorders.
A higher body condition score (BCS > 3.5) increased (p < 0.05) heart failure on the post-mortem
examination. The excessive use of manual obstetric interventions increased sow deaths resulting from
cervix/uterus ruptures and increased the odds of death (p < 0.05) due to metritis. Sow mortality had
a multifactorial etiology. Infections were polymicrobial. The main microbial agents identified from a
septic lesion in locomotor, genitourinary, and respiratory systems were Trueperella pyogenes, Escherichia
coli, and Actinobacillus pleuropneumoniae, respectively. In conclusion, sow mortality involved multiple
risk factors and several bacterial agents. These results indicate that better management practices can
reduce sow mortality in swine production and increase sow welfare.
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1. Introduction

The productivity of sows has changed dramatically during the last decades. Continu-
ous genetic selection led to the high prolificacy of sows and the production of highly lean
progeny [1]; it is no longer unusual to observe herds with more than 30 piglets weaned per
sow per year. Despite genetic and productivity advances, recent data indicate that sow
mortality increased in the last years [2—6], with rates higher than 10% [5,7-9]. Sow mortality
and longevity have a great economic impact and are concerns for animal welfare [10-12].

Sow mortality increases the direct costs related to the replacement of gilts and increases
non-productive days, the use of medication, and the slaughterhouse carcass condemna-
tion [4,6,8,11,13]. The mortality rate increases the indirect costs due to the partial loss of
genetic value, retaining a female that should normally be removed/culled, and increasing
the numbers of gilts with less health status adaptation to the farm challenges [14-16]. De-
spite these data, there is high heterogeneity in the studies that evaluated the post-mortem
findings. Regarding the methodology to determine the lesions, in some studies, the post-
mortem examination was performed by its author [3,8,17], whereas, in others, the results
were obtained by data collection [18-20]. As stated by Ala-Kurikka et al. [11], some studies
are retrospective analyses of field data and the post-mortem examination protocols are not
well detailed. Furthermore, it was described that in fewer than 50% of the post-mortem
examinations, the farmers’ impressions about the cause of death are partly correct [11].
These reports indicate that neither farmers nor veterinarians have a real understanding of
the post-mortem lesions and their impact on sow mortality. Regarding this, the studies
based on sow mortality did not conduct in-depth investigations of pathogens. Studies that
performed a microbiological assay only conducted this analysis on a few sows and did not
describe the methods in detail [7,8,20]. The little information about bacterial agents enrolled
in the infectious causes of a sow’s death makes preventive actions based on microbiological
epidemiology difficult [21].

The economic losses for sow mortality demonstrate that it is possible to increase the
productivity with just corrections of the risk factor for sow mortality. The mortality rate
reduction will have benefits for animal-welfare improvement. Therefore, it is pivotal to
identify the causes of mortality and their bacterial agents and the risk factors aiming to re-
duce the sow mortality. Thus, the present study aimed to present the post-mortem findings
as well as some of their risk factors and to conduct a microbiological assay based on tech-
nologies such as matrix assisted laser desorption/ionization time-of-flight (MALDI TOF)
and polymerase chain reaction (PCR) to characterize the pathogen richness associations
related to sow mortality.

2. Materials and Methods
2.1. Ethics Committee Approval

The Ethics Committee for the Use of Animals of the School of Veterinary Medicine and
Animal Science of the University of Sao Paulo approved this experiment under protocol
9465041119. All animal procedures were performed according to legal and ethical standards.

2.2. Animal and Herds

This study was conducted in a breeding herd with 15,000 sows located in the Brazilian
Midwest (Mato Grosso State). The herd genetic line was commercially crossbred (Large
White, Landrace, and Duroc). The estrous detection was conducted twice a day (8:00 a.m.
and 4:00 p.m.) using a mature boar. After estrous detections, the artificial insemination
was conducted at time 0 and each 24 h until estrous finishing. The artificial insemination
method was post-cervical (PCAI). A pregnancy check was performed three times with
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an ultrasound scan at 4, 8, and 12 weeks after mating. The pre-mating gilts were kept
in a group of 20 animals. After mating, the gilts/sows were moved to a gestation crate
and then to group housing (six sows per group) after the first or double pregnancy check.
The transference from gestation to the farrowing room was conducted 5-7 days before
the expected farrowing day (DO = first mating). During the lactation period, the sows
were kept in farrowing crates. The peripartum period was defined as the period from
7 days before farrowing until 7 days post-farrowing. Throughout the experimental period,
the sows were kept on solid/concrete and partially slatted floors and had free access to
water. Piglets were weaned at 24 days of age. The all-in/all-out batching period was 3 to
5 days. Sows received water in common water troughs or via nipple and feed via drop
feeders. Sow mortality was calculated based on the total number of female deaths (i.e.,
spontaneous deaths and euthanized sows) that occurred in the herd per total number of
sows in the breeding herd inventory. Sudden deaths and sows observed with a previous
health condition and that died were both classified in the spontaneous sow death group.
When sows were unable to be moved to the abattoir due to health conditions, euthanasia
was conducted by the farm personnel and this death was accounted for in the mortality rate.
Sows with locomotor disorders that were not able to stand up voluntarily were euthanized.
Due to government regulation, prolapsed sows cannot be sent to abattoirs; therefore, these
sows were euthanized at the farm. Females sent to abattoirs were not accounted for in
the mortality rate calculation. The sow annual herd mortality rate was 12.5% in the last
12 months, and the replacement rate was 50%.

The herd was free of PRRSV and Brachyspira hyodysenteriae and positive to Mycoplasma
hyopneumoniae, PCV-2, influenza, and Actinobacillus pleuropneumoniae. The replacement
program from the commercially genetic line was internal, and only purebred gilts from
nucleus herds were externally replaced. The females were vaccinated during the nursery
period against M. hyopneumoniae, PCV-2, and Glaesserella parasuis every 6 months. The
vaccination against A. pleuropneumoniae and Lawsonia intracellularis was conducted in the
nursery period. Gilts and sows were vaccinated against Erysipelohthrix rhusiopathiae, par-
vovirus, and Leptospira interrogans (ser. Bratislava, Pomona, Icterohaemorrhagiae, Canicola,
Grippotyphosa, and Hardjo).

During gestation, the females were fed with 2.5 kg once a day with the help of auto-
matic drop feeders. After transference to the farrowing room, the sows were manually fed
with 1.0 kg three times a day (3.0 kg total). During lactation, the dams were manually fed
ad libitum and the feed was only provided when the feeding trough was empty. The nutri-
tional mash feed energy levels, crude protein, and crude fiber were as follows: gestation
feed, 2890 Kcal/Kg, 14.9%, and 7.2%, respectively; peripartum feed, 3083 Kcal/Kg, 19.3%,
and 5.2%, respectively; and lactation feed, 3475 Kcal/Kg, 16.9%, and 3.3%, respectively.

2.3. Post-Mortem Examination and Sample Collection

A total of 100 females that had spontaneous deaths and 23 that were euthanized were
necropsied; the post-mortem examination was conducted by two veterinarians.

The lesions were classified according to the organic system as follows: locomotor
disorders: arthritis, suppurative myositis, fractures, non-infectious locomotor disorders,
and osteomyelitis; gastric disorders: gastric ulcer, hepatic lobe torsion and rupture, rectal
prolapse, splenomegaly, spleen torsion or rupture, mesentery torsion, stomach dilatation,
hepatomegaly, and intestinal intussusception; genital disorders: endometritis, the presence
of a fetus or placenta retention, uterine prolapse, cervix rupture, uterine hemorrhage,
and dystocia; respiratory disorders: pleurisy, pulmonary edema, pulmonary congestion,
pulmonary consolidation, pulmonary abscess, and pleural abscess; systemic disorders:
peritonitis, polyserositis, and splenic abscess; and urinary disorders: cystitis, pyelonephritis,
hydronephrosis, and bladder prolapse.

Different types of prolapse were grouped together to observe if the peripartum period
increased their risk of occurrence. Locomotor disorders and prolapses can lead to deaths
due to secondary causes such as sepsis and circulatory shock; however, in these cases,
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these secondary diagnoses were not accounted for since they were directly the consequence
of the primary cause. Heart failures were diagnosed when excessive pulmonary edema
and congestion occurred and were associated with excessive cavitary fluids (hydrothorax,
ascites, and hydropericardium).

Diagnoses of septicemia were only considered if it was the primary cause of death
and not as a consequence of arthritis, prolapses, pyelonephritis, metritis, and cystitis.
Polyserositis and mastitis diagnoses were based only on a visual approach.

Dead sows were examined within 6 h after death. Information regarding the parity
order, gestational phase, observed clinical symptoms, and recent medical treatment history
was collected. The external examination evaluated the body score condition [22] and claw
injuries (adapted from Deen et al. [23]). The cranial cavity was not opened unless a history
of nervous signs accompanied the death. When gross lesions suggested an etiologic agent,
samples were collected for microbiological evaluation and the pleurisy evaluation was
based on Merialdi et al. [24]. The methods for pneumonia and gastric ulcer evaluation were
adapted from Christensen et al. [25] and Gottardo et al. [26], respectively. For suspected
cases of cystitis, urine was collected with a sterile needle and syringe, as well as swabs kept
in a Stuart transport medium from the mucosal wall of the urinary bladder. For metritis
and pyelonephritis, a swab was collected and kept in a Stuart transport medium. For
muscular abscesses/suppurative myositis and arthritis, the sample was collected with a
sterile needle and syringe or a swab and kept in a Stuart transport medium. When gross
lung lesions were observed, the affected lobes were collected and placed in sterile bags.

The samples collected were immediately refrigerated (5-8 °C) and sent to the Labora-
tory of Swine Health at the Faculty of Medicine Veterinary and Animal Science, University
of Sao Paulo (FMVZ-USP). All samples were submitted for microbiological isolation and
identification. Lung samples were also submitted for PCR assay.

2.4. Bacterial Isolation

The samples collected were plated in MacConkey agar (Difco, Detroit, MI, USA),
Chromagar Orientation™(Difco), Columbia blood agar with 5% sheep blood (with and
without a streak of Staphylococcus aureus), and Brucella agar with 5% sheep blood, hemin,
and vitamin K1. The agar plates were incubated under aerobic, microaerophilic, and
anaerobic conditions for 24-48 h at 37 °C. After microbiological isolation, the colonies were
incubated in BHI broth (Brain Heart Infusion, Difco) and screened by matrix assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).

2.5. Bacterial Identification

The selected colonies were identified by MALDI-TOF MS, and a bacterial culture was
subjected to ribosomal protein extraction using the protocol described by Hijazin et al. [27].
Mass spectra were acquired using a Microflex™ mass spectrometer (Bruker Daltonics,
Billerica, MA, USA) and a-cyano matrix (10 mg «-cyano-4-hydroxycinnamic acid mL~!
in 50% acetonitrile /2.5% trifluoroacetic acid). Each strain was distributed in three wells;
for each plate, two readings were performed with the FlexControl™ software (Bruker
Daltonics, Billerica, MA, USA) using the MTB_autoX method. Finally, the BioTyper™
3.0 software (Bruker Daltonics) compared the captured spectra for each strain with the
manufacturer’s library for bacterial identification. Standard Bruker interpretative criteria
were applied; scores > 2.0 were accepted for species assignment, and scores > 1.7 but <2.0
were accepted for genus identification.

2.6. DNA Extraction, PCR Assay, and Electrophoresis

Lung samples were submitted for DNA extraction according to Boom et al.’s [28]
protocol with the previous enzymatic treatment of 60 min at 37 °C, with 100 mg of lysozyme
and 20 mg of proteinase K (United States Biological, Swampscott, MA, USA). Samples were
stored at —20 °C until processing.
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Polymerase chain reaction (50 puL) used 5 pL of genomic DNA, ultrapure water, 10X
PCR buffer, 1.5 mM MgCl,, 200 uM of dNTPs, 10 pmol of each primer, and 1.25 U of
Tag-DNA-polymerase (Fermentas Inc., Glen Burnie, MD, USA). Primers and reaction
parameters were adjusted for each agent: Mycoplasma hyopneumoniae [29], Bordetella bron-
chiseptica [30], Actinobacillus pleuropneumoniae [31], Glaesserella parasuis [32], Pasteurella
multocida [33], PCV-2 [34], Streptococcus suis [35], and Trueperella pyogenes [36]. The ampli-
fied products were stained with BlueGreen® (LGC Biotecnologia, Sao Paulo, Brazil) and
separated by electrophoresis in 1.5% agarose gels, using the 100 bp DNA Ladder® (New
England Biolabs Inc., Ipswich, MA, USA).

2.7. Statistical Analysis

The descriptive analysis from zootechnical data and gross lesions was performed
utilizing the Rstudio 1.4v and GraphPad Prism 7. The gross lesions’ associations and
bacterial agent associations were obtained by the Complex Heatmap package (Rstudio
1.4v) [37]. The results were presented in contingency tables. The p-value was obtained by
generalized mixed effects fitted by binomial distribution. It considered the parity order,
type of death (spontaneous or euthanasia), and body score condition as random effects to
observe the effects of the peripartum period on post-mortem findings, the impact of cystitis
in pyelonephritis, and the impact of manual obstetric interventions in metritis. To observe
the impact of the body score condition on the post-mortem findings, the model included
parity order, gestational phase, and type of death as random effects. The odds ratio (OR)
was presented in a confidence interval (CI) of 95% (OR; CI: MIN-MAX). For claws’ injuries,
the residue normality and homogeneity of variances were verified, and, when necessary,
a logarithm or Box-Cox transformed the data. If, after the transformation, the data did
not follow the parametric premises, the data were submitted for non-parametric tests
(Kruskal-Wallis and Friedmann tests).

3. Results
3.1. Parity Order, Body Condition Score (BCS), and Productive Stage

The parity order of death was similar (p = 0.145) between the euthanized and dead
sows (Figure 1A). The body condition score was lower in the euthanized sows than in
spontaneously dead ones (average 1.9 vs. 3 p < 0.001) (Figure 1B). Regarding the productive
stage, a higher mortality rate was observed during the peripartum period in the sponta-
neous death group than in euthanized sows (53% vs. 13%; p < 0.001). Euthanasia occurred
for humanitarian reasons in sows that were unable to be sent to the slaughterhouse for
some reason, such as an inability to get up, and for prolapses. Females that aborted were
predisposed to die (10% of all the spontaneously dead and 20% of the euthanized sows)
(Figure 1C). Females that, for some reason, did not get pregnant represented 17% of the
deaths in the spontaneous death group of sows.

3.2. Risk Factors for Post-Mortem Findings

The association is presented in Table 1. The peripartum period increased (p < 0.05)
the odds for post-mortem findings related to heart failure, genital disorders, urinary
disorders, and prolapses but did not have an impact (p > 0.05) on respiratory disorders,
gastric ulcers, and abdominal organs’ torsions. A low body condition score (BCS < 2)
was associated with locomotor disorders on the post-mortem examination. A higher
body condition score (BCS > 3.5) increased (p < 0.05) heart failure on the post-mortem
examination. The BCS was not associated (p > 0.05) with genitourinary and respiratory
disorders on the post-mortem examination. Locomotor members with moderate and severe
gross lesions in at least one claw increased (p < 0.05) post-mortem findings related to
locomotor septic disorders (arthritis and suppurative myositis). The occurrence of cystitis
during the post-mortem examination increased (p < 0.05) the occurrence of pyelonephritis.
Manual obstetric interventions increased (p < 0.05) the occurrence of metritis on the post-
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Figure 1. Characteristics of spontaneous death and euthanized females. (A) Parity order; (B) body
condition score; (C) productive stage. Removal: females that were moved to gestation rooms destined
for removal but died before being moved to the slaughterhouse; Abortion: pregnant females that
aborted in the last 7 days before death; WEI: females that died during weaning-estrous interval;
Non-Pregnant: females that returned to estrous and were not re-inseminated; Gest (1-35 d): 0-35 d
of gestation; Gest (3675 d): 36-75 d of gestation; Gest (76-107): 76-107 d of gestation; Peripartum:

110 d of gestation until 7 days after farrowing; Lactation: 8 d after farrowing until weaning.

Table 1. Risk factors for post-mortem findings.

Deaths out of

1 *
Post-Mortem Findings Deaths on Peripartum Peripartum * p-Value OR (CD)
(N =56)
(N =67)
Heart failure
Present (N = 15) 12 3 0.036 5.73 (1.43-33.54)
Absent (N = 108) 44 64
Genital disorders
Present (N = 37) 28 9 0.007 6.33 (2.5-17.44)
Absent (N = 86) 28 58
Urinary disorders
Present (N = 44) 27 17 0.035 2.71 (1.19-6.29)
Absent (N =79) 29 50
Prolapses
Present (N = 13) 12 1 0.001 17.39 (2.41-141.27)
Absent (N = 110) 44 66
Respiratory disorders
Present (N = 78) 39 39 0.725 1.64 (0.73-3.74)
Absent (N = 45) 17 28
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Table 1. Cont.
Deaths out of
1 *
Post-Mortem Findings Deaths on Peripartum Peripartum * p-Value OR (CD
(N = 56)
(N =67)
Abdominal organs’ torsion
Present (N =12) 3 9 0.329 0.36 (0.06-1.57)
Absent (N =111) 53 58
Gastric ulcers
Present (N = 30) 11 19 0.224 0.61 (0.23-1.54)
Absent (N =93) 45 48
. Sow death with
Post-mortem findings Sow (.i(.eath with low body normal/higher body p-value OR (CD)
condition score * (N = 26) o
condition score * (N = 97)
Septic locomotor disorder
Present (N = 31) 20 11 <0.001 24.88 (7.71-93.74)
Absent (N =92) 6 86
Genital disorders
Present (N = 37) 6 31 0.198 0.56 (0.16- 1.63)
Absent (N = 86) 22 64
Urinary disorders
Present (N = 44) 5 39 0.145 0.35 (0.09-1.08)
Absent (N =79) 21 58
Respiratory disorders
Present (N =78) 17 61 0.493 1.11 (0.41-3.14)
Absent (N = 45) 9 36
Gastric ulcers
Present (n = 30) 9 21 0.262 1.90 (0.65-5.33)
Absent (n = 93) 17 76
Sow death with higher Sow death with normal/low
Post-mortem findings body condition score * body condition score * p-value OR (CD
(N =26) (N =97)
Heart failure
Present (N = 15) 7 8 0.008 4.03 (1.10-14.57)
Absent (N = 108) 19 89
Sow death with moderate Sow death with discrete or no
Post-mortem findings and severe claws’ injuries * claws’ injuries p-value OR (CD
(N =82) (N =41)
Septic locomotor disorders
Present (N = 33) 28 5 0.015 3.69 (1.24-13.42)
Absent (N =90) 54 36
. Sows with cystitis Sows without cystitis
Post-mortem findings (N = 40) (N = 83) p-value OR (CD
Pyelonephritis
Present (N = 15) 12 3 <0.001 11.16 (2.74-66.24)
Absent (N = 108) 28 80
Sows exposed to manual Sows not exposed to manual
Post-mortem findings obstetric intervention obstetric intervention during p-value OR (CD
during farrowing (N = 16) farrowing (N = 107)
Metritis
Present (N = 24) 10 14 <0.001 10.73 (3.00-42.22)
Absent (N = 99) 6 93
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Table 1. Cont.
. 1. . _ Spontaneous
Post-mortem findings Euthanasia (n = 23) death (n = 100) p-value OR (CD
Locomotor disorders
Present (N = 36) 17 19 0.041 12.18 (3.95-43.02)

Absent (N = 90)

6 84

* Low body score condition: BSC < 2.5; high body score condition: BSC > 3.5; peripartum: 7 days prior to
farrowing and 7 days after farrowing; P-value: obtained by generalized mixed models.

3.3. Post-Mortem Findings

The post-mortem findings were categorized according to the system and in sponta-
neous and euthanized deaths (Table 2). Infections per system according to parity order,
body score condition, and production phase can be observed in the Supplementary Material
(Tables S1-56). Septic arthritis had a significant impact on mortality, being responsible for
11% and 39.1% of the post-mortem findings in spontaneous death and euthanized females,
respectively. Suppurative myositis was diagnosed in 9% and 30.4% of the necropsied
females in spontaneous death and euthanized females. Heart failure was only diagnosed
in the spontaneous death group, being responsible for 15% of cases in this group. Gastric
ulcers were diagnosed in 30 animals (24.4%) and were the main diagnoses for six animals
that had hemorrhage and two sows with perforated gastric ulcers. Endometritis had high
prevalence in the post-mortem examination, with an occurrence in 22% of the spontaneous
death group and 8.7% of the euthanized animals. Pleurisy was the most frequent lesion
identified in the post-mortem examination, being reported in more than 50% of the animals
examined. Cystitis and pyelonephritis were diagnosed in 40 (32.5%) and 15 (12.2%) animals,
respectively. The prolapses were categorized as rectal, uterine, and bladder prolapses. The
most frequent was uterine prolapse (seven animals, 5.7%), followed by rectal prolapse
(five animals, 4%) and bladder prolapse (two animals, 1.6%). Mastitis presented minimal
impact on gross lesions in dead sows in this study.

Table 2. Post-mortem findings in spontaneous death and euthanized females.

. s 1 Spontaneous Death Euthanized Sows
System Pathological Findings N (%) N (%)
Arthritis 11 (11) 9 (39.1)
L t Suppurative myositis 9(9) 7 (30.4)
ocomotor Fractures and non-infectious locomotor lesion 2(2) 4 (17.4)
Osteomyelitis 1(1) 2(8.7)
Cardi 1 Heart failure 15 (15) 0
arcrovascuiar Asphyxia/accident 3(3) 0
Gastric ulcer 26 (26) 4(17.4)
Hepatic lobe torsion and/or rupture 7(7) 0
Rectal prolapse 4 (4) 1(4.34)
Splenomegaly 3(3) 1(4.34)
Gastrointestinal Spleen torsion and/or rupture 2(2) 1(4.34)
Mesentery torsion and/or intestinal rupture 2(2) 0
Stomach dilatation 1(1) 0
Hepatomegaly 1(1) 0
Intestinal intussusception 1(1) 0
Endometritis 22 (22) 2 (8.7)
Presence of fetus or placenta retention 11 (11) 0
. Uterine prolapse 6 (6) 1(4.34)
Genital Cervix rupture 6 (6) 0
Uterine hemorrhage 3(3) 0

Dystocia 0 (0) 3(13)
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Table 2. Cont.

System Pathological Findings Spontalr\lle(cl;l)s Death Emha:f;% Sows
Mammary Mastitis 4(4) 1(4.34)
Pleurisy 50 (50) 13 (56.5)
Pulmonary edema (heart failure excluded) 29 (29) 2(8.7)
Pulmonary congestion (heart failures excluded) 23 (23) 2 (8.7)
Respiratory Pulmonary consolidation 15 (15) 1(4.34)
Pulmonary abscess 7(7) 0
Pericardium adhesion 6 (6) 0
Pleural abscesses 1(1) 0
Peritonitis 7(7) 0
Systemic Polyserositis 4 (4) 0
Splenic abscess 1(1) 0
Cystitis 35 (35) 5(21.7)
. Pyelonephritis 14 (14) 1(4.34)
Urinary Hydronephrosis 2(2) 0
Bladder prolapse 2(2) 0

3.3.1. Locomotor Disorders

Locomotor disorders were more prevalent in euthanized animals. The most com-
mon pathological findings were of a septic origin (arthritis and suppurative myositis).
Osteomyelitis was associated with septic arthritis.

3.3.2. Gastrointestinal Pathological Findings

During the post-mortem examination, the most prevalent lesions observed were
gastric ulcers (30 animals) and abdominal organ torsion. Considering abdominal organs,
the most frequent kind of torsion was from the hepatic lobe (five animals), followed by
spleen torsion (three animals). Splenomegaly was observed in four animals (Table 2). Other
lesions observed were hepatomegaly, intestinal intussusception, mesentery torsion, and
stomach dilatation.

From animals presenting gastric ulcers (30/123, 24.4%), hyperkeratosis was observed
in 6.7% of the stomachs. In 40% of sows, the lesions affected less than 33% of the pars
esophagea. In 20% of these animals, the lesion reached between 33-66% of the pars
esophagea; in 6.7% of animals, the lesion affected more than 66% of the pars esophagea.
The gastric ulcers’ classification also included hemorrhagic ulcers and perforated gastric
ulcers, which were observed in 20% and 6.7% of the females, respectively (Supplementary
Material Table S7).

3.3.3. Genital Tract Pathological Findings

The lesion most frequently detected was endometritis (24 animals). Endometritis
was observed alone or in association with fetus and placenta retention (Table 2). Uterine
prolapses were observed in seven animals (5.7%). Cervix rupture was responsible for 6% of
the findings in the spontaneous death group (Table 2).

3.3.4. Mammary Pathological Findings

All the mastitis diagnosed was from chronic processes and had abscess formation as a
clinical singularity.

3.3.5. Respiratory Pathological Findings

Lung edema and congestion were often observed. When these lesions were associated
with heart failure as the primary diagnosis, respiratory disorders were excluded (Table 2).
Lung consolidation areas were observed in 16 animals (13%). Of these, only six animals
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had more than 10% of their lung area affected. A total of 63 animals had pleurisy, of
which 36 (57%) had pleurisy degree 1 and 12 (19%) had pleurisy degree 2. Less than 25%
of the females with pleurisy were categorized with pleurisy degree 3 or 4. Lungs with
consolidation and pleurisy were collected for microbiological assay. Individual data from
lobes’ consolidation and pleurisy degree associated with microbiological identification can
be seen in the Supplementary Material (Table S8).

3.3.6. Systemic Pathological Findings

Peritonitis was observed in seven sows associated with abdominal organ ruptures
(stomach perforation due to gastric ulcer or cervix rupture due to manual obstetric inter-
vention). Polyserositis had a low occurrence and was identified in four animals (Table 2).

3.3.7. Urinary Pathological Findings

Cystitis was diagnosed in 40 females (32.5%). Pyelonephritis was diagnosed in 15 fe-
males. Other, more unusual lesions were hydronephrosis (two animals) and bladder
prolapse (two animals) (Table 2).

3.4. Pathological Findings Associations

Only 27% of the animals that had spontaneous death presented pathological findings
in only one system. A total of 32%, 29%, 9%, and 3% of cases from the spontaneous death
group were associated with pathological findings in two, three, four, and five systems.
The gastrointestinal system was affected in most cases with single lesions found in the
spontaneous death group (Figure 2A). In contrast, in euthanized animals, the system that
was associated with the most single lesions found was the locomotor.
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Figure 2. The number of females and post-mortem findings associated with spontaneous death (A)
and with euthanized females (B).

3.5. Claws’ Injuries

It was observed that 93.5% of the females had lesions in at least one claw. The most
common claws’ injuries were one or more toes slightly longer than normal (26% of the
claws evaluated) followed by overgrowth or erosion in the soft heel tissue (23.4%) and one
or more toes slightly larger than normal (17.5%). Cracks in the wall (vertical, horizontal,
and oblique), separation at the juncture (soft heel and wall tissue), and separation along
the white line were observed in 11.2%, 10.6% and 8% of the claws, respectively. One or
more toes significantly larger or longer than normal were observed in 6.7% and 6.3% of the
claws, respectively. Long or larger toes that affect the gait when walking were observed in
3.6%, and 3.4% of the claws, respectively. Injuries in the coronary band were found in 3.9%
of the claws. Less common injuries were cracks in the dewclaw, claw necrosis, abscesses,
torn claws, and claws partially or completely missing (Supplementary Material Table S9).
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Mean of claws injuries

The locomotor forelimb had fewer claws’ injuries (p < 0.05) (Figure 3A) and the lesions
observed had less impact on the sow’s health (p < 0.05) when compared to locomotor
hindlimb (Figure 3B). Older parity sows (parity order equal or higher than 2) had more
claw injuries (p < 0.05) than younger sows (parity 0 and 1) (Figure 3C).

B
50+ - o
o P Right hindlimb
40 & g Left hindlimb
LESU BE Right hindlimb
5 mE L eft hindlimb
G 204
°
104
ol i
0123 0123 0123 0123
Claws - degree of lesion
C
= 15
S 151
2
2 ®
B 104 —
g
(=)
=
=]
% ‘J,
= 1-2 >‘2

Parity order

Figure 3. (A) Claw injuries according to mean of claws’ injuries in locomotor forelimb and hindlimb;
(B) claw injuries according to the degree of the lesion in locomotor forelimb and hindlimb; 0: no claws
injuries; 1: claws with a discrete lesion; 2: claws with a moderate lesion; 3: claws with a severe lesion;
(C) claw injuries according to parity order. Within graphics means without a common superscript
(a-b or *) differed statistically (p < 0.05).

3.6. Microbiological Assay
3.6.1. Locomotor Septic Disorders

A total of 20 females had arthritis and 16 had suppurative myositis. One sow had two
members with suppurative myositis. Therefore, a total of 17 samples were collected. Of
these, 20 females with arthritis, mixed infection were observed in 65% of the samples, being
isolated in 25%, 15%, 15%, and 10% of the samples, and two, three, four, and five or more
different bacterial species. From the cases of suppurative myositis, in 47% of the samples,
only a single bacterial species was identified, while the remaining infections were caused
by two (23.5%), three (23.5%), and four (6%) different bacterial species.

From arthritis, a total of 30 different bacterial species were identified, and the most
common isolated agent was Trueperella pyogenes, being isolated in 75% of the samples. Acine-
tobacter lwoffii was isolated in 20% of the samples, followed by Actinomyces hyovaginalis,
Bacteroides pyogenes, Corynebacterium amycolatum, and Staphylococcus simulans, all being iso-
lated in 15% of the samples. Aerococcus viridans, Corynebacterium frankenforstense, Escherichia
coli, Staphylococcus cohnii, and Staphylococcus hyicus were isolated in 10% of the samples. The
bacteria association is presented in the Supplementary Material (Figure S1). T. pyogenes was
the single isolated pathogen in 57% of the cases. Other species isolated as single pathogens
were S. hyicus, Bacteroides pyogenes, and Streptococcus dysgalactiae.

For the cases of suppurative myositis, a total of 15 different bacterial species were
identified, with T. pyogenes isolated in 76.5% of the samples. S. dysgalactiae was isolated in
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17.5% of cases. A. lwoffii, A. viridans, B. pyogenes, and E. coli were isolated in 11.8% of the
samples. Other pathogens isolated in less than 10% of the samples were A. hyovaginalis,
S. haemolyticus, S. porcinus, and S. hyicus. The bacteria association is presented in the
Supplementary Material (Figure S2). T. pyogenes was the single isolated pathogen in 67% of
the cases. The other pathogens that were isolated as a single pathogen in myositis were
A. hyovaginalis, A. viridans, and S. dysgalactiae.

3.6.2. Genital Tract Infections

The 24 samples collected from the uterus presented macroscopical signs of endometri-
tis. Nineteen bacterial species were isolated, with mixed infections in 45.8% of the samples.
E. coli was isolated in 62.5%, S. hyicus in 12.5%, E. faecalis in 12.5%, B. pyogenes in 8.3%,
Clostridium perfringens in 8.3%, E. faecium in 8.3%, Streptococcus orisratti in 8.3%, S. suis in
8.3%, and A. hyovaginalis in 8.3% of the samples. The bacteria association is presented in
the Supplementary Material (Figure S3). E. coli was a single isolated pathogen in 61.5%
of the cases. The other pathogens that were isolated as single pathogens were B. pyogenes,
S. aureus, S. cohnii, and S. hyicus.

3.6.3. Urinary Tract Infections

Microbiological samples were collected from 40 females presenting signs of cystitis
and 15 animals with pyelonephritis. In the cystitis cases, 24 bacterial species were isolated,
with mixed infections in 45% of the samples; for pyelonephritis, 16 bacterial species were
isolated, and mixed infections were observed in 73.3% of the samples. The most frequent
agent was E. coli, identified in 52.5% and 80% of the samples collected from cystitis and
pyelonephritis, respectively. In the cystitis cases, A. lwoffii and P. mirabilis were isolated,
both in 12.9% of the samples; A. viridans, E. faecalis, E. faecium, and Providencia rettgeri were
isolated in 7.5% of the samples. The pathogen most isolated from single infections was
E. coli (Supplementary Material Figure S54). In pyelonephritis cases, the most frequent
agents after E. coli were Corynebacterium xerosis and C. perfringens, being isolated in 20%
and 13.3%, respectively. The only bacterium isolated as a single pathogen in pyelonephritis
was E. coli (Supplementary Material Figure S5).

3.6.4. Respiratory Tract Infections

Tissue samples were collected from 68 lungs. The pathogen most often identified was
A. pleuropneumoniae (19.1%), followed by T. pyogenes (7.4%), S. suis (5.9%), P. multocida (5.9%),
and M. hyopneumoniae (1.5%). All samples were negative for PCV-2 and B. bronchiseptica.
Approximately two-thirds of the lungs (68%) were negative for pathogen detection by
culture and PCR.

4. Discussion

The peripartum period was the most critical physiological phase for sow mortality
and accounted for 53% of the deaths in the spontaneous death group. Other studies also
described that the peripartum phase represents more than 50% of all female deaths [9,38].
Herds with high sow mortality and poor health conditions have difficulty in guiding
removal practices based only on productivity due to a reduction in gilt pool size [38]. In
this scenario, females that normally should be culled remain for long periods in the herds,
increasing sanitary risks [14]. In fact, in the studied herd, the mortality is higher than 10%,
which is considered to be higher than the desired amount.

Deaths that occurred during the peripartum period had more post-mortem findings
related to heart failures, genitourinary lesions, and prolapses. Stressful events (heat stress,
transport, fighting) and a higher average body weight contribute to increasing mortality
during the peripartum period due to heart failures [39]. Management related to farrowing
is important during the peripartum period. The transport of females to the farrowing room
should be performed in the coolest times of the working day. Although in the present study
the room temperature was not evaluated, the farm was located in the Brazilian Midwest,
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where hot temperatures (over 30 °C) are common during the spring and summer. This
fact, associated with female transference to farrowing rooms throughout the day, could
contribute to increasing mortality during the peripartum period, especially in sows with
body score conditions higher than 3.5 due to the risk of heart failure. Despite this fact, the
deaths with heart failures in the present study were in the range of other studies in the
literature that reported between 10% [17] and 30% [18,20] of deaths due to this cause.

Manual obstetric interventions should be carefully applied and only when neces-
sary [40,41]. It was observed that manual obstetric interventions led directly to the mortality
of 9% of the sows in the spontaneous group due to uterine ruptures/hemorrhages and led
indirectly to mortality due to an increase in the odds of endometritis development when
compared to sows that died and were not exposed to birth assistance. Manual farrowing
assistance should be performed in around 10% of the females [42]; however, on commercial
farms, it can be as high as 60% [40].

There are different etiologies for prolapses, although there is little literature infor-
mation indicating which prolapse type is more common in females [43]. The peripartum
period is a stage in the female productive cycle that increases the risk for prolapse oc-
currence due to increased abdominal pressure and due to cervix and pelvis opening and
relaxation [43-45]. Moreover, during the peripartum period, it is described the sphincter
relaxation, including the bladder/urethra sphincter, which can contribute to the passage
of the bladder through urethral canal. Despite this, the studies on sows are scarce and
the risk factors are poorly understood, especially for bladder prolapses. To the best of our
knowledge, this is the first study that described bladder prolapses in sows.

For the other types of prolapses, different authors reported that rectal prolapses occur
mainly in females of first parity, due to muscular immaturity [44], while uterine and vaginal
prolapses occur mainly in older parity sows, as a consequence of a possible loss of uterine
tonus [43]. In fact, in our study, we observed that, from the seven females that had uterine
prolapse, six belonged to parity higher than 3; whereas, from rectal prolapses, of the five
female necropsies, three were parity 1.

Similarly to our study, different authors describe locomotor disorders as an important
post-mortem finding in sows [3,7,16]. Studies that evaluated claws reported that more than
90% of the sows had an injury in at least one claw [46]. We identified that the most common
lesions observed were toes that were longer or larger than normal, overgrowth or erosion
in the soft heel tissue, cracks in the wall, and separation at the juncture (soft heel and wall
tissue) and along the white line. Similar lesions were reported in another study [47]. In our
study, claws with injuries that moderately or severely impacted the sow’s health increased
the odds for infectious locomotor disorders in sow deaths. These data indicate that claws’
injuries have a high prevalence in the sow herds, impair animal welfare, and can contribute
to increasing sow mortality.

Hemorrhagic and perforated gastric ulcers and lobe hepatic torsion are conditions
responsible for sudden deaths. Some studies described that feed supply once a day in
automatized feeders is a risk factor for both gastric ulcers and abdominal organ torsions
when compared to feed supply two or three times a day [48,49]. In fact, in the studied herd,
sows were fed only once a day during the gestational period. However, due to the study
characteristics, it is not possible to make more assertions. It is important to emphasize that
a quarter of the sows necropsied had some degree of gastric ulcer, indicating the impact of
these lesions on the sow herds. Despite these values, these data are consistent with other
studies [3,7,8,17]. A higher occurrence of gastric ulcers can also indicate problems with
animal welfare [26,50].

Respiratory tract infections had a high prevalence in this study, especially pleurisy.
However, the lung gross lesions were in the vast majority non-exudative pleurisy degree
1; consolidations affected only a few animals, with gray aspect and in less than 10% of
the lung area. These conditions can indicate that these lesions have a chronic aspect; due
to this, two-thirds of the lungs were negative for the investigated pathogens. Even in
acute infection, lungs can be PCR negative [51] for chronic lesion; this index is even higher
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since the infection could be cleared [52,53]. Despite the negative results, our data show
that some pathogens could impact the females” health. A. pleuropneumoniae was the most
often identified pathogen in the lungs and was associated with severe pleuropneumonia.
Some strains of this pathogen are highly virulent and can lead to sudden death [54]. Other
pathogens identified were P. multocida, S. suis, and T. pyogenes. Recent studies indicate that
P. multocida is associated with pleurisy; T. pyogenes is associated with a thrombus—embolic
abscess in the lungs after infections in distinct body parts [55].

Despite the differences regarding the infection site and the prevalence of arthritis and
suppurative myositis, both diseases have similar pathogens as etiologic agents. T. pyogenes
was the bacterium most frequently isolated, followed by S. dysgalactiae and S. hyicus. Similar
results obtained from dead sows were found by other authors [3,7]. However, these studies
isolated septic locomotor disorders of only a few animals and did not clearly describe the
methodology for the isolation and identification, nor did they describe possible microbial
associations. T. pyogenes was already isolated in arthritis [56]; however, to our knowledge,
there are no studies that described T. pyogenes isolation from suppurative myositis in swine.
T. pyogenes, S. dysgalactiae, and S. hyicus are present in skin and mucosal microbiota [56];
repeated injections under poor hygiene conditions can facilitate the penetration and migra-
tion of these pathogens to inactive immune body sites and can facilitate the establishment
of the infection [57].

The genitourinary infection has a complex and polymicrobial etiology [58,59].
Moreno et al. [58] described that the majority of the sows with cystitis had mixed infec-
tions, including Aerococcus, Corynebacterium, Staphylococcus, Streptococcus, and Enterococcus.
Comparable results were observed in the present study. Studies by Moreno et al. [58],
Poor et al. [59], and this one used a similar technique for bacterial identification (MALDI-
TOF MS); however, Moreno et al. [58] collected the urine during spontaneous micturition,
and Poor et al. [59] collected samples from the vagina with the use of a speculum and swab.
In the present study, urine and uterine samples were collected directly from the bladder
and uterus during a post-mortem examination, reducing contaminants and indicating
pathogens with the ability to colonize the sow bladder and uterus. It was probably a collec-
tion directly in the site of the infection that reduced urethra and vaginal microbial species;
due to this, mixed bacterial isolates were reduced when compared to Poor et al. [59] and
Moreno et al. [58]. Thus, this study may indicate the most relevant pathogens for cystitis
and metritis development. For pyelonephritis, the most common pathogen isolated was
E. coli, indicating an ascending infection; however, this was not the only bacterium isolated
from the kidneys. The occurrence of Staphylococcus (S. sciuri, S. saprophyticus, S. warneri,
and S. cohnii) and C. xerosis indicates that these pathogens could have virulence factors to
evade the immune system and establish infection. To our knowledge, no study identified
pathogens enrolled in the genitourinary infection in sows from samples collected directly
from the bladder and uterus and submitted for more recent microbiological techniques
such as MALDI-TOF.

In previous studies, biochemistry methods identified E. coli, Streptococcus, and Staphy-
lococcus genera from metritis [60]. The use of MALDI-TOF in our study allowed a detailed
identification of the most common associations observed in metritis cases: E. coli with
Enterococcus genera, E. coli with S. suis and S. orisratti, and E. coli with S. hyicus. However,
regarding genital infection, in the present study it was observed that Corynebacterium genera
and B. pyogenes may have a key role in the development of metritis. These pathogens were
already identified as relevant for the development of disease in sows in other studies [59,61].

The use of MALDI-TOF MS has been very useful to identify less frequent and rarer bac-
terial species that can be underestimated using traditional biochemistry methods [59,62-65].
Based on this, the MALDI-TOF can be a valuable tool to describe the richness of the
pathogens’ enrolled in the development of diseases and deaths in sows. Despite the isola-
tion of mixed bacterial species in some lesions, some pathogens may be more important for
the onset or development of the disease.
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Limitations of the present study are the lack of detection of some viruses, such as the
influenza virus, which can negatively impact the respiratory conditions described. Another
point is that some bacterial agents may not grow on the culture media used; therefore, some
pathogens may not have been identified. Although carried out in only one intensive swine
production system, the breeding population was of considerable size and the management
practices adopted were similar to those used in most herds in the world. Despite this, the
mortality rate of sows may change according to the herd health status in different countries
or region; one example, is that the studied population was PRRSV free.

5. Conclusions

Sow mortality is multifactorial and post-mortem findings are associated with several
risk factors. The occurrence of pathological findings in more than one system was a common
finding. It was observed that some pathogens play a major role in the development of
diseases, contributing to sow mortality, namely, A. pleuropneumoniae and T. pyogenes, in the
respiratory tract. T. pyogenes followed by S. dysgalactiae and S. hyicus are the main pathogens
involved in arthritis and suppurative myositis, and E. coli for genitourinary infections. The
higher prevalence of claw injuries, cystitis, and gastric ulcers raises serious concerns about
animal welfare and sow mortality. The high incidence of endometritis and cervix rupture
observed indicates that manual obstetric intervention has not been applied judiciously.
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Bacteria isolated from arthritis cases and associations identified. Figure S2: Bacteria isolated from
suppurative myositis cases and associations identified. Figure S3: Bacteria isolated from metritis
cases and associations identified. Figure S4: Bacteria isolated from cystitis cases and associations
identified. Figure S5: Bacteria isolated from pyelonephritis cases and associations identified.

Author Contributions: Conceptualization, M.S.M., DN.M., M.C.D., L.ZM. and A.M.M.; methodol-
ogy, M.SM., M.C.D.,LZM, VT.d.M.G. and A M.M,; formal analysis, M.SM., LZM., APP, APS.S.,
BM.P, CECM., MREB., MIZS. and AM.M.; investigation, M.S.M., DN.M., VT.d.M.G. and
AM.M.; data curation, M.S.M., L.ZM. and A.M.M.; writing—original draft preparation, M.S.M. and
A M.M.; writing—review and editing, M.S.M., A.PP.,, CE.CM. and A.M.M,; visualization, M.S.M.
and A.M.M,; supervision, L.Z.M. and A.M.M.; project administration, A.M.M.; funding acquisition,
A.M.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Coordination of Improvement of Higher Education
Personnel-Brazil (CAPES), Finance Code 001. M.S.\M, A.PP, L.ZM., and C.E.C.M. were recipi-
ents of Sao Paulo Research Foundation (FAPESP) fellowships (grants 2019/17683-0, 2019/01192-7,
2016/25745-7, 2015/26159-1). V.T.M.G was the recipient of the CNPq fellowship (grant 400267 /2017-
9). AM.M. is a CNPq fellow (grant 310736/2018-8, 436370/2018-2).

Institutional Review Board Statement: The Ethics Committee for the Use of Animals of the School
of Veterinary Medicine and Animal Science of the University of Sao Paulo approved this experi-
ment under protocol 9465041119. All animal procedures were performed according to legal and
ethical standards.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data sets and materials are available from the corresponding
author on reasonable request.

Acknowledgments: The authors would like to thank the farm owners, employees, and veterinarians
who allowed access to the studied herds for their support.


https://doi.org/10.5281/zenodo.6827736
https://doi.org/10.5281/zenodo.6827736

Animals 2022, 12, 1804 16 of 18

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kim, SW.; Weaver, A.C.; Shen, Y.B.; Zhao, Y. Improving Efficiency of Sow Productivity: Nutrition and Health. J. Anim. Sci.
Biotechnol. 2013, 4, 26. [CrossRef] [PubMed]

2. Palomo, A. Analysis of Sow Mortality among Breeding Sows in Spanish Pig Herds. In Proceedings of the Allen D. Leman Swine
Conference, St. Paul, MN, USA, 23-26 September 2006; pp. 30-31.

3.  Engblom, L.; Eliasson-Selling, L.; Lundeheim, N.; Belak, K.; Andersson, K.; Dalin, A.M. Post Mortem Findings in Sows and Gilts
Euthanised or Found Dead in a Large Swedish Herd. Acta Vet. Scand. 2008, 50, 25. [CrossRef] [PubMed]

4. Engblom, L.; Lundeheim, N.; Strandberg, E.; Del, M.; Dalin, A.M.; Andersson, K. Factors Affecting Length of Productive Life in
Swedish Commercial Sows. J. Anim. Sci. 2008, 86, 432—441. [CrossRef] [PubMed]

5. Jensen, T.B,; Toft, N.; Bonde, M.K; Kongsted, A.G.; Kristensen, A.R.; Serensen, J.T. Herd and Sow-Related Risk Factors for
Mortality in Sows in Group-Housed Systems. Prev. Vet. Med. 2012, 103, 31-37. [CrossRef]

6. Monteiro, M.S.; Poor, A.P.; Muro, B.B.D.; Carnevale, R.F,; Leal, D.E,; Garbossa, C.A.P.; Moreno, A.M.; Almond, G.W. The Sow
Microbiome: Current and Future Perspectives to Maximize the Productivity in Swine Herds. J. Swine Health Prod. 2022, 30, 125-137.
[CrossRef]

7. Kirk, RK; Svensmark, B.; Ellegaard, L.P; Jensen, H.E. Locomotive Disorders Associated with Sow Mortality in Danish Pig Herds.
J. Vet. Med. A Physiol. Pathol. Clin. Med. 2005, 52, 423-428. [CrossRef]

8.  Sanz, M.; Roberts, ].D.; Perfumo, C.J.; Alvarez, RM.; Donovan, T.; Almond, G.W. Assessment of Sow Mortality in a Large Herd.
J. Swine Health Prod. 2007, 15, 30-36.

9. Iida, R.; Koketsu, Y. Climatic Factors Associated with Peripartum Pig Deaths during Hot and Humid or Cold Seasons. Prev. Vet.
Med. 2014, 115, 166-172. [CrossRef]

10.  Vanhonacker, F.; Verbeke, W.; Van Poucke, E.; Tuyttens, F.A.M. Do Citizens and Farmers Interpret the Concept of Farm Animal
Welfare Differently? Livest. Sci. 2008, 116, 126-136. [CrossRef]

11.  Ala-Kurikka, E.; Munsterhjelm, C.; Bergman, P,; Laine, T.; Pekkarinen, H.; Peltoniemi, O.; Valros, A.; Heinonen, M. Pathological
Findings in Spontaneously Dead and Euthanized Sows—A Descriptive Study. Porc. Health Manag. 2019, 5, 25. [CrossRef]

12. Muro, B.B.; Carnevale, R.F; Leal, D.F,; Almond, G.W.; Monteiro, M.S.; Poor, A.P,; Schinckel, A.P.; Garbossa, C.A. The Importance
of Optimal Body Condition to Maximize Reproductive Health and Perinatal Outcomes in Pigs. Nutr. Res. Rev. 2022, 24, 1-59.
[CrossRef] [PubMed]

13. Heinonen, M.; Bergman, P,; Fredriksson-Ahomaa, M.; Virtala, A.-M.; Munsterhjelm, C.; Valros, A.; Oliviero, C.; Peltoniemi, O.;
Halli, O. Sow Mortality Is Associated with Meat Inspection Findings. Livest. Sci. 2018, 208, 90-95. [CrossRef]

14. Deen, J.; Xue, J. Sow Mortality in the US: An Industry-Wide Perspective. In Proceedings of the AD Leman Swine Conference, St.
Paul, MN, USA, 17-20 September 1999; pp. 91-94.

15. Machado, G. Manejo Reprodutivo Da Fémea Suina: Estratégias de Descarte de Matrizes e Reposigao de Plantéis. In ABCS.
Produgdo de Suinos: Teoria e Pritica; Grafica Qualita: Brasilia, Brazil, 2014; Chapter 7; pp. 253-260.

16. Schwertz, C.I; Bianchi, R.M.; Cecco, B.S.; Pavarini, S.P.; Driemeier, D. Causes of Death of Sows in Three Brazilian Pig Farms. Pesq.
Vet. Bras. 2021, 41, e06857. [CrossRef]

17.  Vearick, G.; Mellagi, A.P.G.; Bortolozzo, EP.; Wentz, I.; Bernardi, M.L. Causes of Mortality in Swine Female | Causas Associadas a
Morte de Matrizes Suinas. Arch. Vet. Sci. 2008, 13, 126—132. [CrossRef]

18. Chagnon, M.; D’Allaire, S.; Drolet, R. A Prospective Study of Sow Mortality in Breeding Herds. Can. J. Vet. Res. 1991, 55, 180.

19. D’Allaire, S.; Stein, T.E.; Leman, A.D. Culling Patterns in Selected Minnesota Swine Breeding Herds. Can. J. Vet. Res. 1987, 51, 506.

20. D’Allaire, S.; Drolet, R.; Chagnon, M. The Causes of Sow Mortality: A Retrospective Study. Can. Vet. ]. 1991, 32, 241.

21. Parkhill, J.; Wren, B.W. Bacterial Epidemiology and Biology—Lessons from Genome Sequencing. Genome Biol. 2011, 12, 230.
[CrossRef]

22. Muirhead, M.R,; Thomas, ].L.T. Managing Pig Health and the Treatment of Disease: A Reference for the Farm; 5M Enterprises: Sheffield,
UK, 1997.

23. Deen, J.; Schuttert, M.; Van Amstel, S.; Ossent, P.; van Barneveld, R.; Stalder, K.; Feet First Zinpro Corporation. Lesion Scoring
Guide; Zinpro Corporation: Eden Prairie, MN, USA, 2009; Available online: https://www.zinpro.com/wp-content/uploads/20
22/05/5-6071.pdf (accessed on 9 June 2022).

24. Merialdi, G.; Dottori, M.; Bonilauri, P; Luppi, A.; Gozio, S.; Pozzi, P; Spaggiari, B.; Martelli, P. Survey of Pleuritis and Pulmonary
Lesions in Pigs at Abattoir with a Focus on the Extent of the Condition and Herd Risk Factors. Vet. J. 2012, 193, 234-239. [CrossRef]

25. Christensen, G.; Serensen, V.; Mousing, J. Diseases of the Respiratory System. In Diseases of Swine, 8th ed.; Straw, B.E., D’Allaire, S.,
Mengeling, W.L., Taylor, D.]., Eds.; Iowa State University Press: Ames, IA, USA, 1999.

26. Gottardo, F.; Scollo, A.; Contiero, B.; Bottacini, M.; Mazzoni, C.; Edwards, S.A. Prevalence and Risk Factors for Gastric Ulceration
in Pigs Slaughtered at 170 Kg. Animal 2017, 11, 2010-2018. [CrossRef]

27. Hijazin, M.; Alber, J.; Limmler, C.; Weitzel, T.; Hassan, A.A.; Timke, M.; Kostrzewa, M.; Prenger-Berninghoff, E.; Zschock, M.

Identification of Trueperella (Arcanobacterium) Bernardiae by Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass
Spectrometry Analysis and by Species-Specific PCR. J. Med. Microbiol. 2012, 61, 457-459. [CrossRef] [PubMed]


http://doi.org/10.1186/2049-1891-4-26
http://www.ncbi.nlm.nih.gov/pubmed/23885840
http://doi.org/10.1186/1751-0147-50-25
http://www.ncbi.nlm.nih.gov/pubmed/18593470
http://doi.org/10.2527/jas.2007-0310
http://www.ncbi.nlm.nih.gov/pubmed/17998436
http://doi.org/10.1016/j.prevetmed.2011.09.009
http://doi.org/10.54846/jshap/1277
http://doi.org/10.1111/j.1439-0442.2005.00747.x
http://doi.org/10.1016/j.prevetmed.2014.03.019
http://doi.org/10.1016/j.livsci.2007.09.017
http://doi.org/10.1186/s40813-019-0132-y
http://doi.org/10.1017/S0954422422000129
http://www.ncbi.nlm.nih.gov/pubmed/35748154
http://doi.org/10.1016/j.livsci.2017.12.011
http://doi.org/10.1590/1678-5150-pvb-6857
http://doi.org/10.5380/avs.v13i2.12893
http://doi.org/10.1186/gb-2011-12-10-230
https://www.zinpro.com/wp-content/uploads/2022/05/S-6071.pdf
https://www.zinpro.com/wp-content/uploads/2022/05/S-6071.pdf
http://doi.org/10.1016/j.tvjl.2011.11.009
http://doi.org/10.1017/S1751731117000799
http://doi.org/10.1099/jmm.0.035774-0
http://www.ncbi.nlm.nih.gov/pubmed/22096130

Animals 2022, 12, 1804 17 of 18

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

Boom, R.; Sol, C.J.; Salimans, M.M.; Jansen, C.L.; Wertheim-van Dillen, PM.; van der Noordaa, J. Rapid and Simple Method for
Purification of Nucleic Acids. J. Clin. Microbiol. 1990, 28, 495-503. [CrossRef] [PubMed]

Calsamiglia, M.; Pijoan, C.; Trigo, A. Application of a Nested Polymerase Chain Reaction Assay to Detect Mycoplasma Hyopneumo-
nige from Nasal Swabs. J. VET Diagn. Invest. 1999, 11, 246-251. [CrossRef] [PubMed]

Hozbor, D.; Fouque, E; Guiso, N. Detection of Bordetella Bronchiseptica by the Polymerase Chain Reaction. Res. Microbiol. 1999,
150, 333-341. [CrossRef]

Gram, T.; Ahrens, P. Improved Diagnostic PCR Assay for Actinobacillus Pleuropneumoniae Based on the Nucleotide Sequence of an
Outer Membrane Lipoprotein. J. Clin. Microbiol. 1998, 36, 443—448. [CrossRef]

Oliveira, S.; Batista, L.; Torremorell, M.; Pijoan, C. Experimental Colonization of Piglets and Gilts with Systemic Strains of
Haemophilus Parasuis and Streptococcus Suis to Prevent Disease. Can. . Vet. Res. 2001, 65, 161.

Townsend, K.M.; Boyce, ]J.D.; Chung, J.Y.; Frost, A.J.; Adler, B. Genetic Organization of Pasteurella Multocida Cap Loci and
Development of a Multiplex Capsular PCR Typing System. J. Clin. Microbiol. 2001, 39, 6. [CrossRef]

Yang, Z.; Habib, M.; Shuai, J.; Fang, W. Detection of PCV2 DNA by SYBR Green I-Based Quantitative PCR. ]. Zhejiang Univ. Sci. B
2007, 8, 162-169. [CrossRef]

Okwumabua, O.; O’Connor, M.; Shull, E. A Polymerase Chain Reaction (PCR) Assay Specific for Streptococcus Suis Based on the
Gene Encoding the Glutamate Dehydrogenase. FEMS Microbiol. Lett. 2003, 218, 79-84. [CrossRef]

Ertas, H.B.; Kilic, A.; Ozbey, G.; Muz, A. Isolation of Arcanobacterium (Actinomyces) Pyogenes from Abscessed Cattle Kidney
and Identification by PCR. 5. Turk. J. Vet. Anim. Sci. 2005, 29, 455-459.

Gu, Z.; Eils, R.; Schlesner, M. Complex Heatmaps Reveal Patterns and Correlations in Multidimensional Genomic Data. Bioinfor-
matics 2016, 32, 2847-2849. [CrossRef] [PubMed]

Sasaki, Y.; Koketsu, Y. Mortality, Death Interval, Survivals, and Herd Factors for Death in Gilts and Sows in Commercial Breeding
Herds. J. Anim. Sci. 2008, 86, 3159-3165. [CrossRef] [PubMed]

Drolet, R.; D’Allaire, S.; Chagnon, M. Some Observations on Cardiac Failure in Sows. Can. Vet. J. 1992, 33, 325. [PubMed]
Mellagi, A.P.G.; Heim, G.; Bernardi, M.L.; Bortolozzo, EP.; Wentz, I. Characterization and Reproductive Performance of Swine
Females Submitted to Manual Obstetric Intervention. Cienc. Rural 2009, 39, 1478-1484. [CrossRef]

Monteiro, M.S.; Muro, B.B.D.; Poor, A.P; Leal, D.F,; Carnevale, R.F,; Shiroma, M.P.,; Almond, G.W.; Garbossa, C.A.P.; Moreno, A.M.;
Viana, C.H.C. Effects of Farrowing Induction with Prostaglandins on Farrowing Traits and Piglet Performance: A Systematic
Review and Meta-Analysis. Theriogenology 2022, 180, 1-16. [CrossRef]

Muro, B.B.D.; Carnevale, R.E,; Andretta, I.; Leal, D.F.; Monteiro, M.S.; Poor, A.P.; Almond, G.W.; Garbossa, C.A.P. Effects of
Uterotonics on Farrowing Traits and Piglet Vitality: A Systematic Review and Meta-Analysis. Theriogenology 2021, 161, 151-160.
[CrossRef]

Ilida, R.; Pifieiro, C.; Koketsu, Y. Incidences and Risk Factors for Prolapse Removal in Spanish Sow Herds. Prev. Vet. Med. 2019,
163, 79-86. [CrossRef]

Supakorn, C.; Stock, J.D.; Hostetler, C.; Stalder, K.J. Prolapse Incidence in Swine Breeding Herds Is a Cause for Concern. Open J.
Vet. Med. 2017, 7, 85-97. [CrossRef]

Ross, ].W. Identification of Putative Factors Contributing to Pelvic Organ Prolapse in Sows (Grant # 17-224); Iowa State University—Iowa
Pork Industry Center: Ames, IA, USA, 2019; Available online: https:/ /4starvets.com/wp-content/uploads/2021/08/Final-
Report_NPB-project-_17-224-002.pdf (accessed on 9 June 2022).

Anil, S.S.; Anil, L.; Deen, J.; Baidoo, S.K.; Walker, R.D. Factors Associated with Claw Lesions in Gestating Sows. J. Swine Health
Prod. 2007, 15, 78-83.

Calderdén Diaz, J.A.; Fahey, A.G.; Boyle, L.A. Effects of Gestation Housing System and Floor Type during Lactation on Locomotory
Ability; Body, Limb, and Claw Lesions; and Lying-down Behavior of Lactating Sows1. |. Anim. Sci. 2014, 92, 1675-1685. [CrossRef]
Abiven, N; Seegers, H.; Beaudeau, F,; Laval, A.; Fourichon, C. Risk Factors for High Sow Mortality in French Swine Herds. Prev.
Vet. Med. 1998, 33, 109-119. [CrossRef]

Friendship, R.M. Gastric Ulceration in Swine. J. Swine Health Prod. 2004, 12, 34-35.

Cybulski, P.; Larska, M.; WozZniak, A.; Jabloniski, A.; Stadejek, T. The Dietary Risk Factors of Gastric Ulcers in Finishing Pigs from
16 Polish Farms. Agriculture 2021, 11, 719. [CrossRef]

Tonni, M.; Boniotti, M.B.; Gasparrini, S.; Guarneri, F.; Formenti, N.; Pieters, M.; Pasquali, P.; Alborali, G.L. Genomic Variability of
Mycoplasma Hyopneumoniae within Pig Lung Lobes. Porc. Health Manag. 2021, 7, 14. [CrossRef]

Serensen, V.; Ahrens, P.; Barfod, K.; Feenstra, A.A.; Feld, N.C.; Friis, N.E,; Bille-Hansen, V.; Jensen, N.E.; Pedersen, M.W.
Mycoplasma Hyopneumoniae Infection in Pigs: Duration of the Disease and Evaluation of Four Diagnostic Assays. Vet. Microbiol.
1997, 54, 23-34. [CrossRef]

Sibila, M.; Nofrarias, M.; Lopez-Soria, S.; Segalés, J.; Valero, O.; Espinal, A.; Calsamiglia, M. Chronological Study of Mycoplasma
Hyopneumoniae Infection, Seroconversion and Associated Lung Lesions in Vaccinated and Non-Vaccinated Pigs. Vet. Microbiol.
2007, 122,97-107. [CrossRef]

Sassu, E.L.; Frombling, J.; Duvigneau, J.C.; Miller, I.; Miillebner, A.; Gutiérrez, A.M.; Grunert, T.; Patzl, M.; Saalmiiller, A;
von Altrock, A; et al. Host-Pathogen Interplay at Primary Infection Sites in Pigs Challenged with Actinobacillus Pleuropneumo-
niae. BMC Vet. Res. 2017, 13, 64. [CrossRef]


http://doi.org/10.1128/jcm.28.3.495-503.1990
http://www.ncbi.nlm.nih.gov/pubmed/1691208
http://doi.org/10.1177/104063879901100307
http://www.ncbi.nlm.nih.gov/pubmed/10353356
http://doi.org/10.1016/S0923-2508(99)80059-X
http://doi.org/10.1128/JCM.36.2.443-448.1998
http://doi.org/10.1128/JCM.39.6.2377a-2377a.2001
http://doi.org/10.1631/jzus.2007.B0162
http://doi.org/10.1111/j.1574-6968.2003.tb11501.x
http://doi.org/10.1093/bioinformatics/btw313
http://www.ncbi.nlm.nih.gov/pubmed/27207943
http://doi.org/10.2527/jas.2008-1047
http://www.ncbi.nlm.nih.gov/pubmed/18567721
http://www.ncbi.nlm.nih.gov/pubmed/17424001
http://doi.org/10.1590/S0103-84782009000500027
http://doi.org/10.1016/j.theriogenology.2021.12.010
http://doi.org/10.1016/j.theriogenology.2020.12.003
http://doi.org/10.1016/j.prevetmed.2018.12.016
http://doi.org/10.4236/ojvm.2017.78009
https://4starvets.com/wp-content/uploads/2021/08/Final-Report_NPB-project-_17-224-002.pdf
https://4starvets.com/wp-content/uploads/2021/08/Final-Report_NPB-project-_17-224-002.pdf
http://doi.org/10.2527/jas.2013-6279
http://doi.org/10.1016/S0167-5877(97)00053-6
http://doi.org/10.3390/agriculture11080719
http://doi.org/10.1186/s40813-021-00195-1
http://doi.org/10.1016/S0378-1135(96)01266-7
http://doi.org/10.1016/j.vetmic.2007.01.010
http://doi.org/10.1186/s12917-017-0979-6

Animals 2022, 12, 1804 18 of 18

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Alban, L.; Petersen, J.V.; Beekbo, A.K.; Pedersen, T.J.; Kruse, A.B.; Pacheco, G.; Larsen, M.H. Modernising Meat Inspection of
Pigs—A Review of the Danish Process from 2006-2020. Food Control 2021, 119, 107450. [CrossRef]

Rzewuska, M.; Kwiecien, E.; Chrobak-Chmiel, D.; Kizerwetter-Swida, M.; Stefariska, I.; Gieryniska, M. Pathogenicity and Virulence
of Trueperella Pyogenes: A Review. Int. J. Mol. Sci. 2019, 20, 2737. [CrossRef]

Jarosz, L.S.; Gradzki, Z.; Kalinowski, M. Trueperella Pyogenes Infections in Swine: Clinical Course and Pathology. Pol. J. Vet. Sci.
2014, 17, 395-404. [CrossRef]

Moreno, L.Z.; Matajira, C.E.C.; Poor, A.P; Mesquita, R.E.; Gomes, V.T.M,; Silva, A.PS.; Amigo, C.R.; Christ, A.P.G.; Barbosa,
M.R.E; Sato, M.1.Z,; et al. Identification through MALDI-TOF Mass Spectrometry and Antimicrobial Susceptibility Profiling of
Bacterial Pathogens Isolated from Sow Urinary Tract Infection. Vet. Q. 2018, 38, 1-8. [CrossRef] [PubMed]

Poor, A.P.; Moreno, L.Z.; Monteiro, M.S.; Matajira, C.E.C.; Dutra, M.C,; Leal, D.F;; Silva, A.P.S.; Gomes, V.T.M.; Barbosa, M.R.E;
Sato, M.I.Z.; et al. Vaginal Microbiota Signatures in Healthy and Purulent Vulvar Discharge Sows. Sci. Rep. 2022, 12, 9106.
[CrossRef] [PubMed]

Tummaruk, P.; Kesdangsakonwut, S.; Prapasarakul, N.; Kaeoket, K. Endometritis in Gilts: Reproductive Data, Bacterial Culture,
Histopathology, and Infiltration of Immune Cells in the Endometrium. Comp. Clin. Pathol. 2010, 19, 575-584. [CrossRef]

Poor, A.P.; Moreno, L.Z.; Matajira, C.E.C.; Parra, B.M.; Gomes, V.T.M,; Silva, A.P.S.; Dutra, M.C.; Christ, A.P.G.; Barbosa, M.R.EF;
Sato, M.I.Z.; et al. Characterization of Corynebacterium Diphtheriae, C. Confusum and C. Amycolatum Isolated from Sows with
Genitourinary Infection. Vet. Microbiol. 2017, 207, 149-152. [CrossRef]

Biswas, S.; Rolain, J.-M. Use of MALDI-TOF Mass Spectrometry for Identification of Bacteria That Are Difficult to Culture. J.
Microbiol. Methods 2013, 92, 14-24. [CrossRef] [PubMed]

Singhal, N.; Kumar, M.; Kanaujia, PK.; Virdi, ].5. MALDI-TOF Mass Spectrometry: An Emerging Technology for Microbial
Identification and Diagnosis. Front. Microbiol. 2015, 6, 791. [CrossRef]

Seng, P.; Abat, C.; Rolain, ].M.; Colson, P.; Lagier, J.-C.; Gouriet, F; Fournier, P.E.; Drancourt, M.; La Scola, B.; Raoult, D.
Identification of Rare Pathogenic Bacteria in a Clinical Microbiology Laboratory: Impact of Matrix-Assisted Laser Desorption
Ionization-Time of Flight Mass Spectrometry. J. Clin. Microbiol. 2013, 51, 2182-2194. [CrossRef]

Matajita, C.E.C.; Poor, A.P.; Moreno, L.Z.; Monteiro, M.S.; Dalmutt, A.C.; Gomes, V.T.M.; Dutra, M.C.; Barbosa, M.R.E,; Sato, M.1.Z,;
Moreno, A.M. Vagococcus Sp. a Porcine Pathogen: Molecular and Phenotypic Characterization of Strains Isolated from Diseased
Pigs in Brazil. J. Infect. Dev. Ctries. 2020, 14, 1314-1319. [CrossRef]


http://doi.org/10.1016/j.foodcont.2020.107450
http://doi.org/10.3390/ijms20112737
http://doi.org/10.2478/pjvs-2014-0055
http://doi.org/10.1080/01652176.2017.1397302
http://www.ncbi.nlm.nih.gov/pubmed/29090643
http://doi.org/10.1038/s41598-022-13090-8
http://www.ncbi.nlm.nih.gov/pubmed/35650232
http://doi.org/10.1007/s00580-009-0929-1
http://doi.org/10.1016/j.vetmic.2017.06.008
http://doi.org/10.1016/j.mimet.2012.10.014
http://www.ncbi.nlm.nih.gov/pubmed/23154044
http://doi.org/10.3389/fmicb.2015.00791
http://doi.org/10.1128/JCM.00492-13
http://doi.org/10.3855/jidc.12081

	Introduction 
	Materials and Methods 
	Ethics Committee Approval 
	Animal and Herds 
	Post-Mortem Examination and Sample Collection 
	Bacterial Isolation 
	Bacterial Identification 
	DNA Extraction, PCR Assay, and Electrophoresis 
	Statistical Analysis 

	Results 
	Parity Order, Body Condition Score (BCS), and Productive Stage 
	Risk Factors for Post-Mortem Findings 
	Post-Mortem Findings 
	Locomotor Disorders 
	Gastrointestinal Pathological Findings 
	Genital Tract Pathological Findings 
	Mammary Pathological Findings 
	Respiratory Pathological Findings 
	Systemic Pathological Findings 
	Urinary Pathological Findings 

	Pathological Findings Associations 
	Claws’ Injuries 
	Microbiological Assay 
	Locomotor Septic Disorders 
	Genital Tract Infections 
	Urinary Tract Infections 
	Respiratory Tract Infections 


	Discussion 
	Conclusions 
	References

