Metagenomics: Application and implication In
a sow abortion case study
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ONE 12(7): e0181503. https:/doi.org/10.1371 families identified from pneumonic swine's lungs were My Fl. jé
lournal.pone. 0181303 ceae and Pasteurellaceae, whereas in the carrier swine’s lungs the most common families
were Mycop. B and Fl: . Analysis of commu-
nity composmon in both samples confirmed the high p e of M. hyop,

Moreover, the carrier lungs had more diverse family population, which should be related to
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A reference gene catalogue of the pig

gut microbiome
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The plg is a major species for livestock pmdld:lnn and is also

generated 1,758 Gb of high-quality data with
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that sex, age and host genetics are likely to influence the pig
gut microbiome. Analysis of the prevalence of antibiotic resist-
ance genes demonstrated the effect of eliminating anﬂ’mtus
from animal diets and thereby theriskof

Tuman reference catalogue could be assigned
At the genus level, most of the annotated gene:
Prevortlla followed by Bacteroides (0.80%),

(0.72%) and Eubacterium (0.51

biotic resistance associated with farming systems.

Domesticated pigs are a major food source worldwide and thus
important in global food security, but large-scale pig farming
faces environmental challenges. Increasing the understanding of
the interaction between the gut mlcmbmta and the host has the
potential to facilitate k ledge-b of sustainabl
pig production by increasing feed el"ﬁm:nq' and general health in
pig farming. Furthermore, the spread of antibiotic-resistant bacteria
and genes is a matter of great global concern, with legislation and
research in this area being important issues®™'!. Hence, an evalu-
ation of the impact of prohibiting the use of antib as growth

tated metagenomic species (MGS), 497 MGS ¢
known bacteria, with the remaining 222 MGS
unknown microbial entities. A total of 353 M1
10 a phylum, but only 33 and one could be
and a species, respectively (Supplementary 1
MGS, Prevotella was the bacterial genera t
(0.97%) could be annotated, followed by Ru
Eubacterium (0.42%), Lactobacillus (0.42%
(0.41%). Functional classification of annot:
MG§ using KEGG (Supplementary Fig.
pl y Fig. 2b) revealed a predon

promotants is needed.

Results

We collected 287 faecal samples from France (100 pigs), Denmark
(100 pigs) and China (87 pigs), from 17 breeds or selected lines from
11 farms, The pigs varied in age, sex and antibiotic supplementation
(Supplementary Table 1). Deep sequencing of faecal DNA samples

rchtcd to genetic information processing (rej
metabolism (carbohydrates, amino acids and
information processing (membrane transpo
common set of 4,430 NR genes, 36 MGS anc
tated functions shared by 100% of the 287 piy
the existence of a core of genes, species and
microbiome in pigs (Fig. 1b and Supplemer

'BGI-Shenzhen, 518083 Shenzhen, China. ’GABI, INRA, AgroParisTech, Université Paris-Saclay, 78350 Jouy-en-Josas, France. *Laboratc
Molecular Biomedicine, Department of Biology, University of Copenhagen, DK-2100 Copenhagen, Denmark. “SEGES Pig Research Centre



Z-score

lS

) JENE | -
1.2 ARG EERASDBR AR AT E —

o AR TR B R R IE] AR Y BUR
Ve A W IR AR R &, EAE R A S

o HTTAF /ﬁn)uj:éﬁ, 2022, 2018 At

t ar ia
l \, A lalobacillus
eillonella
A} / "k‘ El ollinsella
Zea
Blastocystis
Stylonychia
Entamoeba
Arachis
Lupinus
Helianthus
Rhizophag
lanum
a
a
eciu

=og
Bo.g z
TEpBIN

RATSRTHIHABLE. LA A
%ﬁ%f%%%%%%
« 3800F2; FEATHKREWFEEF

P 5% 7 25 {8 JCR K VT BE R 0 T 1 SRR

i
B, Wi ﬁMﬁ% ¥ 48 o g, |ju

environment & aerosal

il I
swine slumy samples farm control samples

scientific reports

Metagenomic characterization
of swine slurry in a North American
swine farm operation

Langaliers,
i, Aretin G, Greer' &



1. 2 7 SR AR % 25 B4 > B0 i R AR 7 &

TE SRt A W R AT, BTRORNEY R R, IE —4an BEAE e STk 00 (2

o “WHWIRT HIFTTTER !
C FREEEETHEE®E
CEERE, AE . LA UK EFER, REFRERGAROE. AR, BREL, -

RNRNF#HDP
A
o 5 4 /A S B 4 EHEH SV AE, BWEIT

« REFR28R MK
c BERRAAREEN

FEE, YTYN, x£Fk¥H o T4 b T B B HA

s BEEFEH AL E A E

T #ie 4x
M
2022-08 o K EHHA!

LiNGVISTOV



Metagenomics: Application and implication In
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Abortion and fetal death in sows

Dominiek Maes*

| Olli Peltoniemi® | Mateusz Malik*
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TABLE 1 Main viral pathogens involved in sow abortion and fetal death: clinical signs in sows, lesions in foetuses, appropriate samples and diagnostic tests.”

Disease

Aujeszky's disease virus

Classical swine fever virus

Clinical signs in sow

Generally none

Fever, anorexia, depression, ataxia,

cutaneous erythema
Encephalomyocarditis virus Nane
Enterovirus, Teschovirus None
Parcine circovirus type 2 and 3 Naone
Parcine cytomegalovirus Nane
Porcine parvovirus None
Porcine pestiviruses A, Band D°  None

Porcine reproductive and
respiratory syndrome virus

Swine influenza A virus

“Table adapted from Althouse et al. (2019),

Mild depression, anorexia, fever

Fever, lethargy, respiratory signs

Lesions fetus Sample sow

Multifocal white foci (necrosis) in
the liver and spleen

Ascites, widespread petechiae,
malformations

Chalky white foci in heart,
hydrothorax, ascites

None

Dilated and hypertrophied heart;
congested liver

Pulmonary edema

Mummification

Cerebellar hypoplasia

Umbilical cord edema, segmental
haemorrhage

Serum (acute phase)

Nasal swabs (acute
phase), paired serum
samples

None

Sample fetus
Fetal tissue (lung, liver, spleen,
brain, kidney)

Fetal tissue (tonsil, kidney, spleen,
lung), placenta

Fetal tissue (heart, lung, spleen,
kidney, brain)

Fetal tissue (lung, spleen, kidney,
heart)

Fetal tissue (heart, lung)

Fetal tissue (lung, spleen, kidney)

Mummified fetal tissue (lung) or
body fluid

Fetal tissue (brain, spleen, lung,
kidney)

Thoracic fluid, fetal and placenta
tissue

*pCR polymerase chain reaction; V1 virus isolation; IF immunofluorescence testing; IHC immunohistochemistry; in all cases next generation sequencing (NGS) can be used.

“Bovine viral diarrhoea virus (pestivirus A and B), border disease virus (pestivirus D).

TABLE 2 Main bacterial and parasitic microorganisms involved in sow abortion and fetal death: clinical signs in sows, lesions in foetuses,

appropriate samples and diagnostic tests.”

Disease Clinical signs in sow
Brucella suis None

Chlamydia sp. None

Erysipelothrix Fever, anorexia,

rhusiopathiae depression, skin

lesions

Transient fever,
anorexia,
depression

Leptospira sp.

Toxoplasma gondii None

“Table adapted from Althouse et al. (2019).

Lesions fetus Sample sow Sample fetus Diagnostic test?

Placentitis Blood Fetal tissue (liver, Bacterial culture
stomach content, serology
lung), placenta

None Fetal tissue (liver), PCR, Ag-ELISA,
placenta IHC

None Blood or other Bacterial culture,

Occasional fetal jaundice

None

tissues PCR
Blood Fetal tissue (kidney) PCR, IF, IHC
(kidney)
serology
Fetal tissue (blood) Serology

bpCR polymerase chain reaction; IF immunofluorescence testing; IHC immunohistochemistry.

Diagnostic test”
PCR, VI, IF

PCR

PCR, VI

PCR, VI, IF

PCR, IHC (heart)
PCR, VI, IF

PCR, IF (fetal tissue)
Serology (body fluid)
PCR, VI, IF

PCR

PCR, VI (swabs)
HI test (serum)
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Point-of-care testing, also
known as near-patient testing,
typically means carrying out a
test using a device or test kit
in the presence of the patient
and without the need to send
a sample to a laboratory.
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2.5 ‘\Lﬂ' ‘f{% - PCV?2 / PCV3 E]/\j %ﬁf iﬁ %} n@ Significance in the Piggery Sector

« PCV2:PCV-RD. 1~ W A4
e PCV3: K7 F; #Lhs;

Among four PCVs discovered so far, PCV1 is considered as non-pathogenic, while the
other three PCVs, ie., PCV2, PCV3, and PCV4, are known to be pathogenic. PCV1, PCV2,
and PCV3 are distributed throughout the global pig population, while the distribution
of PCV4 is yet to be known [80]. PCV2 is the main etiological agent of several diseases
in pigs, collectively known as porcine circovirus-associated diseases (PCVADs) in North
America [81] or porcine circovirus diseases (PCVDs) in Europe [82]. These diseases include
PCV2-systemic disease (PCV2-SD) formerly known as postweaning multisystemic wasting
syndrome (PMWS), PCV2-reproductive disease (PCV2-RD), PCV2-lung disease (PCV2-LD),
PCV2-enteric disease (PCV2-ED), porcine dermatitis and nephropathy syndrome (PDNS),
PCV2-subclinical infection (PCV2-SI) [83], and acute pulmonary edema [2]. PCV2-5D
affects pigs between 8 and 16 weeks of age [84] and is clinically characterized by wasting,

Hemanta Kumar Maity 11, Kartik Samanta "*, Rajib Deb >*{ and Vivek Kumar Gupta >*

PCV3 has been detected in pigs showing the symptoms of systemic disease, reproduc-
tive disease [104], PDNS [23,105]), respiratory disease [106], GI disorder [107], PFTS [108],
and cardiac and multisvstemic inflammation [24]. The maior clinical signs include mummi-

fied and stillborn fetuses [104,109], weight loss, dyspnea, rectal prolapse [24], abdominal
breathing, diarrhea [107], anorexia, fever, icterus [110], congenital tremor [111], and wast-
ing [112]. Pathological lesions that are associated with PCV3 infection include lymphoid
depletion in the spleen and lymph nodes [113]; periarteritis and arteritis in the heart, kidney,
spleen, lung, and/or stomach [112,114]; bronchointerstitial pneumonia in the lung [23];
epicarditis, myocarditis, and endocarditis in the heart [104,113,115]; atrophic, shortened
villi and decreased depth of crypt in the intestine [64]; and mild lymphoplasmacytic menin-
goencephalitis, nephritis, periportal hepatitis, and rhinitis [112]. Recently, a study also
demonstrated the potential role of PCV3 in subclinical infection, which is characterized by
lack of evident clinical signs but presence of detectable prolonged viremia, viral replication
in tissues, and multisystemic inflammation [116]. PCV3 can infect animals of different
age groups and production phases, being found in fetuses, nursery pigs, fattening pigs,
stillborn, and sows [17,117]. PCV3 has been detected not only in pigs with signs and
symptoms of different clinical diseases [23,24], but also in healthy animals [104]. More-
over, co-infection of PCV3 with other viruses such as PCV2 [118], PRRSV [106], PPV [108],
CSFV [118], and TTSuVs [119] has been reported. Thus, the detection of PCV3 in samples
alone does not guarantee its association with disease casualty [114]. Under experimental
conditions, an infectious PCV3 DNA clone was able to induce development of PDNS-like
signs in specific-pathogen-free (SPF) piglets [120]. However, in another study, no clinical
disease was developed in caesarean-derived, colostrum-deprived (CD/CD) pigs inoculated
with PCV3. However, four out of eight PCV3-infected pigs showed histological lesions
such as lymphoplasmacytic myocarditis and perivasculitis, which are consistent with mul-
tisystemic inflammation [109]. Similar results were found in PCV3-inoculated CD/CD
pigs where no significant clinical signs were observed, except histological lesions that
resembled multisystemic inflammation. Thus, the pathobiology of PCV3 is complex and of
multifactorial nature [116]. Further investigation is needed to reveal the pathogenic efficacy
of PCV3 along with the role of other co-infecting pathogens. PCV3 infects both domestic
pigs as well as wild boars. However, there is still no evidence regarding the association of
PCV3 infection and development of clinical disease in wild boar [121].
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Passive surveillance of Leptospira infection

in swine in Germany

Katrin Strutzberg-Minder'"®, Astrid Tschentscher', Martin Beyerbach?, Matthias Homuth' and Lothar Kreienbrock®

Table 1 Collection of swine serum samples tested for leptospires by MAT

Open Access

Reasons for testing of individual samples Total Number

Menitoring Reproductive problems Unknown reasons of farms
2011 392 2514 3002 5908 856
2012 400 2422 2650 5472 797
2013 338 2249 2981 5568 718
2014 298 2087 2721 5106 659
2015 300 1582 2851 4733 529
2016/ 01 to 09 85 1163 1794 3042 394
Total 1813 12,017 15,999 29,829 3953

"Because some farms sent samples in more than one year, this number of farms is higher than that of the different farms tested in the total study period

Table 2 Results of swine serum samples tested for leptospires
by MAT. Number (n) of samples examined, numbers (n) and
percentage (%) of positive samples and farms with at least one
positive sample per farm and year from January 2011 to September
2016, and totals

Year Number  Positives® Number Positives”
(S);;eglirsn 7% of farms ﬁ
20Mm 5908 964 163 856 508 593
2012 5472 1042 190 797 509 63.9
2013 5568 1076 193 718 434 60.4
2014 5106 993 195 659 416 63.1
2015 4733 1009 213 529 375 709
2016 /0110 09 3042 941 309 394 308 782
Total 29,829 6025 202 3953 2550 645

2Samples with a titre >100
bfarms with at least one positive sample per year
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CASE STUDY

Placentitis and abortion in domestic pigs
(Sus scrofa domesticus) associated with
Trueperella abortisuis on US swine farms

Alexandra K. Ford, DVM; Rachel M. Palinski, PhD; Brian V. Lubbers, DVM, PhD, DACVCP; Lisa Tokach, DVM, DABVP Swine
Health Management; A. Giselle Cino-Ozuna, DVM, PhD, DACVP

Table 1: Bacteria isolates identified from samples submitted by 3 Midwest US swine farms experienging increased

abortions
Case number Submitted Gross Microscopic
and date tissues lesions lesions Bacteriolagy
Case 1; Uterine fluid* NA NA Abundariirueperella abortisuis
November 2017 1 m uterine i la
pyogenes, Pasteurella MUl E
Sireptococcus dysgalactiae,
Enterococcus gallinarum, Escherichia
coli (non-hemolytic and hemolytic),
Proteus mirabilis, Streptococcus
suis, Streptococcus species (beta-
hemolytic), and Clostridium
perfringens
Case 1; Uterine fluid* NA NA T abortisuis isolated from
November 2017 uterine fluid, Actinobacillus
rossii, E coli (non-hemolytic),
Streptococcus hyointestinalis,
Aerococcus viridans, gram-
negative cocci (unable to identify),
Acinetobacter lwoffii, Lactococcus
raffinolactis, Aeromaonas bestiarum,
Streptococcus parauberis,
Acinetobacter johnsonii, and
C perfringens
Case 2; Five aborted Mild-moderate  Suppurative Abundant T abortisuis isolated from
December 2017 fetuses’ and five placental placentitis and intra-  stomach contents, A rossii, E coli
placentas thickeningand  trophoblast gram- (non-hemolytic), S hyointestinalis,
hemorrhage; positive bacteria; A viridans, gram-negative cocci
pleural hepatic congestion (unable to identify), A woffii, L raf-
effusion and and renal hemorrhage finolactis, A bestiarum, S parauberis,
subcutaneous A johnsenii, and C perfringens
hemorrhage
Case 2; One aborted Diffuse Suppurative Abundant T abortisuis isolated from
December 2017 fetus* and one placental necrotizing placentitis, a fetal swab, E coli (non-hemolytic),
placenta thickening, trophoblast sloughing, Citrobacter gilleni, Aeromonas spe-
multifocal gram-positive and cies, Lactococcus garvieae, Enterococ-
tan-brown negative coccobacilli cus faecium, A viridans, Enterococcus
discolorations in airways and hirae, gram-negative cocci (unable to
and roughening placenta identify), S suis, Streptococcus species
(Alpha hemolytic), Staphylococcus
chromogenes, Streptococcus alacto-
lyticus, S parauberis, L raffinolactis,
Lactobacillus ruminis, Enterococcus
hirae, and C perfringens
Case 3; Three aborted Moderate Suppurative gram- Abundant T abortisuis isolated from
May 2020 fetuses® and amount of tan-  negative and placenta, E coli (non-hemolytic),

one placenta

yellow exudate
covering
allantois;
umbilical cord
and allantois
hemorrhage

gram-positive
bacterial placentitis;
suppurative, fibrinous
omphalitis

and A viridans

* Unknown parity, age, or health status.
* Crown-rump length of fetuses 150-180 mm (approximately 60-70 days of gestation).
* Crown to rump length of fetus 70 mm (approximately 40-50 days of gestation).
5 Crown-rump length of fetuses 50-60 mm (approximately 40 days of gestation).
NA = not available or analyzed.

aurnal of Swine Health and Production — Volume 20 Numhber 2
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