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Keywords: Pigmeat is the most consumed red meat globally and consumption is expected to continue to increase. The sector

Pig is faced by the risk of epidemic and endemic disease impacts and other adverse influences. The aim of this study

Respiratory disease was to develop a dynamic simulation model of pig growing and finishing that can be used to model the financial

System‘s dynamics model and economic impacts of a variety of scenarios both related to disease effects and other influences on production.

Financial performance . . .

Marketing contracts The model consists of a physical performance module and financial performance module. The core of the
physical performance module comprises three stocks to model the flow of pigs from purchase to slaughter.
Mortality rates, daily live weight gain and feed conversion ratios influence the dynamics of the physical per-
formance. Since contracts between farmers and slaughterhouses often include large price penalties for over- and
underweight pigs, carcase weight distribution is an important determinant of revenues. The physical perfor-
mance module, therefore, simulates slaughter weight variations. The financial performance module calculates
revenue, costs and gross margins. The revenue calculations take into account price penalties for over- and un-
derweight pigs. To demonstrate the capabilities of the model, we apply the model to assess the economic con-
sequences of production impacts associated with respiratory disease. We use estimated production impacts
associated with respiratory disease from a study of all-in-all out growing and finishing systems based on pig
production data and information from slaughterhouse monitoring in the UK. Our model suggests a reduction in
the gross margin of nearly 40 % as a consequence of the estimated production impacts associated with a 10%
increase in respiratory disease prevalence. Due to the lack of reliable information on slaughter weight variation,
we also simulate the model using different assumptions about the slaughter weight distribution. An increase in
the standard deviation of carcase weights from 8 kg to 12 kg, holding average weights constant, more than halves
gross margins under our scenarios. We suggest that for all-in-all-out systems, carcase weight variation is likely to
be a substantial factor in reducing income in the presence of respiratory disease and the economic impact of
respiratory disease may be underestimated if the effects of disease on variation in carcase weights are not
included in any analysis.
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Fig. 3. Density function for carcase weight distribution in baseline and + 10% prevalence scenario, Note: The area in blue (left tail) represents the probability that
the carcase weight falls below the underweight threshold, the area in yellow represents the probability that the carcase weight is within specification and the area in Fig. 1. Model diagram of the sectors of the physical performance module.
green (right tail) represents the probability that the carcase weight falls above the overweight threshold.
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CVPC
Pleurisy

Production process— Slaughtering

Livestock
production

Meat production

The assessment of lung changes can Carcass andmeat
Animal welfare indicate livestock welfare and production — ity
efficiency, as well as meat quality and
slaughter yield. Economic loss assessments
vary by country, market prices, and feeding
Pig production - Abattoir production
efficiency efficiency

Figure 1 Impact of CVPC (cranio-ventral pulmonary consolidation) and pleurisy on abattoir productivity and economic outcomes

Przyborowska et al. BMC Veterinary Research (2024) 20:554
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Figure 2 Relationship Between Average Daily Carcass Weight Gain (ADCWG) and Lung Lesions in slaughter-age pigs from 7 different batches. (A) The
scatter plot shows the percentage of lung lesions against ADCWG with a linear regression line. (B) The co-occurrence matrix illustrates the frequency of the
different types of lung lesions present together in various lobes and regions of the lungs, with a color gradient representing the count of co-occurrences

Przyborowska et al. BMC Veterinary Research (2024) 20:554



Importancia economica de las enfermedades respiratorias

12+
101
o s}
(=%
\ . .
o« Price Scenario
Y o6t Loss at minimum price
o B Loss at average price
S B Loss at maximum price
4t
2 -
0 | ] o o S
& & & &
2 > 2 2
N X N X
Q()\0 5’;;\0 '\’0\0 '\c')\o
e ~ el
Q o ’

CVPC Lesion Score

Figure 4 Economic losses depending on the degree of cranio-ventral pulmonary consolidation (CVPC) and price scenarios. The bar chart illustrates the
economic losses per affected pig (in EUR) associated with varying degrees of CVPC scores under three price scenarios: minimum (201.86 EUR/100kg),
average (221.77 EUR/100kg), and maximum (235.59 EUR/100kg). The x-axis categorizes the pigs into four groups based on the percentage of CVPC lung
changes: 0% changes (reference), 0.1-5% changes, 5.1-15% changes, and = 15.1% changes

Przyborowska et al. BMC Veterinary Research (2024) 20:554
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Efecto de pleuritis en la rentabilidad econdmicay en el retorno de la inversidon

Table 7. Economic data for pigs with pleurisy scores of 2, 3, and 4, focusing on slaughter weight, cost
per kilogram, total revenue, economic profit, benefit—cost ratio (BCR), and return on investment (ROI).

7~ N y - \
Score of Pleurisy Slaughter Cost Per Kg Total ( Economic \ BCR (USD) ( ROI
(N = 156) Weight (kg) (USD) Revenue Profit (USD) (%)
2 (n = 30) 111.243 1.29 763.129 7.79 0.210 5.33
3 (n="70) 110.616 1.32 758.824 6.92 0.214 4.73
4 (n = 56) 109.734 1.32 752.775 5.70 0.207 3.90 Y

Kuberka et al. BMC Veterinary Research (2024) 20:124 https://doi.org/10.1186/s12917-024-03968-2
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Table 4 Studies assessing the impact of cranioventral pulmonary consolidation (CVPC) on average daily gain (ADG) in pigs.

References Study population

Impact on ADG

Comment

Presence of CVPC

[59] 23 studies

[51] 9 studies

[36] 2 farms (578 pigs)

[54] 14 farms (6,997 pigs)

[69] 39 farms

[8] 1 farm (108 pigs)

Severity of CVPC

[51] 5 studies

[52] 21 pigs

[7] 2 farms (41 lungs)

[70] 2 farms (58 lungs)

[72] 1 farm (333 pigs)

[50] 7 farms (18 cohorts
with 30-35 pigs /
cohart)

[73] 1 farm (138 pigs)

[54] 14 farms (6,997 pigs)

711 1 farm (500 pigs)

[8] 1 farm (108 pigs)

10 publications: no effect 13 publications: decrease
—17%

Farm A: —26 g
Farm B: —26g

—38q (—4.9%)
Mo effect

—9%

37.4 g per 10% of affected lung tissue
20% CVPC throughout lifetime: 25 kg lower weight at
slaughter

41.1 g/day for 10% affected lung volume

31.4 g/day for 10% affected lung volume

2.2 g/day for each 1% of affected lung volume

6.8 g/day for 1% of affected lung

Score 2: —45 g/day (—6%)
Score 3: =90 g/day (—11%)

—7.0 g/day (0.7%) for 1 point increase in severity score
(1-28)

1.8 g/day for each 1% of affected lung surface

—66.4 g/day in pigs with > 10% of affected lung
surface versus pigs with no lesions:

Feed conversion ratio +14%
High correlation between decreased ADG and feed
conversion ratio

Large differences between farms (range: —7% to +2.6%

Mo effect on feed conversion ratio

Performance data were analysed at farm level; lung
lesions were assessed on one subgroup (35 pigs per
farm) at slaughter

Five studies

Radiographic monitoring of the lungs from 21 to
180 days of age
25 days extra to reach slaughter weight

10% affected lung leads to 16.7 days more to reach
1045 kg

10% affected lung leads to 13-2-days more to reach
104.2 kg

Only significant association between lung lesion and
ADG in one farm

1% affected lung leads to 0.61 days more to reach
slaughter weight; early infections cause more perfor-
mance loss

Serologic testing was more effective than slaughter
evaluation in assessing the impact of subclinical infec-
tion on ADG

Lung consolidation: score 1: 0-5%; scare 2: 6-40%; score
3:>40%

Score 2:3.13 kg less at slaughter

Score 2: 10.85 kg less at slaughter

More ADG decrease in pigs with severe lesions: score
0:775 g; scores 1-4: 750 g; scores 5-8: 735 g; score > 8:
695 g

Financial loss of §6.55 in pigs with more than 15%
affected lung tissue compared to animals without
lesions

Days to slaughter: + 8 days; carcass weight: —3.6 kg

Maes et al. Veterinary Research (2023) 54:8
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Beneficio econdmico/cerdo en granjas libres de M. hyopneumoniae

Table 6
Economic benefit of eliminating Mhyo from a 5000 breed to finish operation producing 135,870 weaned pigs and 125,000 finishers per year.
Parameter Economic benefit per pig Annual production system economic benefit
Improvement of 36 g of average daily gain (ADG) $4.76 $594,070
Improvement of 18 g on wean-to-finish feed:gain $0.78 $97,143
Reduction of 1.26% in wean-to-finish mortality $0.008 $945
Savings with Mhyo vaccinations in weaned pigs $0.25 $33,967
Savings with antibiotic medications in growing pigs $1.21 $151 250

Total economic benefit $7.00 $877,375

G.S. Silva, et al. Preventive Veterinary Medicine 168 (2019) 95-102
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Patégenos detectados y sintomatologia asociada

Clinical symptoms of the respiratory system
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hyopneumoniae); PCV2 (Porcine circovirus type 2); SIV (Swine influenza virus); PRRSV (Porcine reproductive and respiratory syndrome virus);
App (Actinobacillus pleuropneumoniae); Pm (Pasteurella multocida); Hps (Haemophilus parasuis); Pm + Bbr (Pasteurella multocida + Bordetella

f - frequent
0

bronchiseptica)

Kuberka et al. BMC Veterinary Research (2024) 20:124
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Estructura del aparato respiratorio del cerdo

‘ Configuracion anat6mic4

Estructura del aparato respiratorio

Estructura de la barrera alveolocapilar

Vias respiratorias

(Cavidad nasal
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FIGURA 2. Estructura [5] Neumacitos de tipo Il

de la barrera [6] Macrofago alveolar
alveolocapilar.

FIGURA 1. Estructura del sistema respiratario del cerdo.

Tomado del Libro “Enfermedades infecciosas del cerdo” (Cinta Prieto, Javier Martinez, Ana Carvajal y Joaquim Segalés, Editorial Servet (2017)



Estructura del aparato respiratorio del cerdo

' Mecanismos de defensa del aparato respiratorik)

Macrofagos alveolares
- Particulas menores de 5 pm
que llegan a los alveolos

Particulas mayores de 5 pm

Otros mecanismos de defensa

Fagocitosis por parte de macréfagos
alveolares y neutrofilos

Lisozima y enzimas
proteoliticas
Factores del complemento
Citocinas proinflamatorias Intervienen en el desarrollo de la
P enfermedad inflamatoria
Neutralizacion de agentes

patdégenos j

= Respuesta inmunitaria innata:
linfocitos T citotoxicos naturales

m Respuesta inmunitaria adaptativa:
linfacitos T colaboradores y
citotéxicos

Tomado del Libro “Enfermedades infecciosas del cerdo” (Cinta Prieto, Javier Martinez, Ana Carvajal y Joaquim Segalés, Editorial Servet (2017)

3. Neutralizacion
de patogenos

Control de infecciones viricas




Estructura del aparato respiratorio del cerdo

’ Mecanismos de defensa del aparato respiratorip
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FIGURE &
Graphic representation of pulmonary lesions induced by PRR5V-1 strains of different virulence [created with BioRender.com). PRRSV-1 classical strains
{moderately virulent) typically induce a low to moderate interstitial pneumonia. In contrast, virulent PRRSV-1 strains exhibit heightened viral replication,
leading to a significant reduction in pulmonary alveolar macrophages (PAMs) accompanied by early cell death of infected PAMs. Additionally, these
strains trigger necrosis and apoptosis in other macrophages and lymphacytes, resulting not only in severe interstitial pneurnonia but also, in some
instances, in bronchitis, bronchielitis, and bronchopneumonia. These alterations contribute to an imbalance in pulmonary immune homeostasis,
making the host more susceptible to a wide spectrum of respiratory pathogens. The immunopathogenesis of these lesions is partly attributed to a
stronger inflammatory response mediated by IL-1a/f when compared to low to moderately virulent strains.

Ruedas-Torres et al (2024). Front. Vet. Sci. 11:1330990. doi: 10.3389/fvets.2024.1330990
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Posibles causas de alteraciones en la homeostasis respiratoria

Tipos de patégenos respiratorios

Enfermedades Complejo
causadas por respiratorio porcino
patdégenos (patégenos
respiratorios primarios,
primarios patdégenos
secundarios,
factores
ambientales)




Posibles causas de alteraciones en la homeostasis respiratoria

< . . . . . I |
Patogenos respiratorios primarios y secundarios mas importantes |

Table 1. Primary and secondary pathogens in porcine respiratory disease complex (PRDC) [9].

Primary Pathogens Secondary Pathogens
Mycoplasma spp.
PRRSV * Streptococcus spp.
SIV * Staphylococcus spp.
Escherichia coli
Vo, Klebsiell
PCV2* ebsiella spp.

Trueperella pyogenes
Bordetella bronchiseptica
Glaesserella parasuis
Pasteurella multocida

Mycoplasma hyopneumoniae
Actinobacillus pleuropneumoniae

* Association with swine proliferative and necrotizing pneumonia (PNP).

Sarli et al., Vet. Sci. 2021, 8, 256. https://doi.org/10.3390/vetsci8110256



Complejo respiratorio porcino: resultado de las coinfecciones

Dinamica \_\
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Virus-Virus
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coinfections/superinfections:

Nature of the microorganism

Doses

Order in the superinfection process

Delay between infections

Cellular or tissular target: single or multiple, shared or not

Direct and indirect

Viral interference
Enhanced replication

Bacterium-Virus

Direct interactions, usually promoting viral infection: (i) direct
binding of viruses to bacteria, (ii) utilization of a bacterial product
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Chemical
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of “probiotics”
(direct or indirect)
Bacterial metabolic
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coinfection by an IBP

Antagonism, additive effects and
Indirect interactions usually promoting bacterial .
infection: (i) viral alteration of the epithelial barrier, (ii) Svnerglsm
reduction or suppression of the host immune response,
(iii) alteration/displacement of the commensal flora,
(iv) alteration of bacterial cellular receptor expression
Viral metabolic reprogramming in host cell supporting

or limiting coinfection by an I1BP

Figure 4 Consequences of the different types of coinfections for the microorganisms and for the host. In the left box some parameters
enable to affect coinfections and superinfections are listed. IFN: Interferon, IBP: Intracellular Bacterial Pathogen.

Saade et al. Vet Res (2020) 51:80
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Colonizacion de M. hyopneumoniae
Adhesion al epitelio Pérdida de vias respiratorias B. Bronchiseptica
ciliado funcionalidad bajas por agentes

. G. parasuis
secundarios

Scanning electron microscope images of tracheal tissue from a vaccinated pig (left) and an unvaccinated
pig (right) that demonstrates the extent of cilial loss after infection with #Mycoplasma hyopneurmnioniae.
images courtesy of C. Jenkins

Blanchard et al. Vet Microbiol, 1992, 30: 329-341,

https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0005/462056/Mycoplasmal-pneumonia-in-pigs.pdf
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Mecanismos
de accion

G. parasuis

ciliado funcionalidad bajas por agentes

Colonizacion de M. hyopneumoniae
Adhesion al epitelio Pérdida de vias respiratorias B. Bronchiseptica

. G. parasuis
secundarios

Figure 3. Nasal mucosa; CDCD pig 4 h post-inoculation. There is multifocal cell protrusion
(arrows). There are decreased numbers of cilia. A cell containing phagolysosomes within the
mucosa is identified as a macrophage (m). Bar = 1 micron.

Mucosa nasal 36 horas p.i.

Figure 4. Nasal mucosa; CDCD pig 36 h post-inoculation. An intraepithelial neutrophil (n)
is present. There is diffuse loss of cilia and basal bodies, microvilli are irregular and reduced
in size, and there is dilation of the cytocavitary network within the apical cytoplasm.
Bar = 1 micron.

Vahle et al., Can J Vet Res 1997; 61: 200-206
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Coinfeccion PRRSV - M. hyopneumoniae

No. ot pigs necropsied at: Total no. of pigs

Group Infection status (day of inoculation®) -
L . — Day 3 Day 10 Day 28 necropsied
esiones macroscoplcas PRRSV (0), M. hyopneumoniae (0) 6 6 8 20
PRRSV (0), M. hyopneumoniae (—21) 6 6 8 20

A
. B 8
L hyopneumonlae € PRRSV (—10), M. hyopneumoniae (0) 6 6 8 20
. D M. hyopneumoniae (—21) 6 6 8 20
agrava la neumonia E M. hyopneumoniae (0) 6 6 8 20
i H F PRRSV (0) 6 6 8 20
IndUCIda por PRRSV G Control (0) 6 6 8 20

’ “ Pigs were 6 weeks old at day 0.

Efecto mas marcado TABLE 3. Percentage of lung with visible pneumonia lesions in pigs infected with either M. hyopneumoniae, PRRSV, or both
en infeccion % of lung exhibiting pneumonia induced by PRRSV? or M. hyopneumoniae® at the following necropsy date:
sincronica o si PRRSV
antecede a M. Group Day 3 Day 10 Day 28
hyopneumoniae PRRSV M. hyopneumoniae PRRSV M. hvopneumoniae PRRSV M. hyopneumoniae

82 + 4.5 B¢ 02 = 0.3 508 + 159 A 41+4.1A £29+75A 77+57A
Coinfecciones 123+ 6.0B 1.6 = 1.7 48.8 + 26.4 A 13 +228B 15.6 = 14.5C +
028+ 128 A 0.01 = 002 295 + 01 B 25+31A 288 + 14.1 B +
recciones (D 0C 0.1 = 0.1 0C 00 =218 0D = 3.
E 0C 02 = 0.3 0C 02 =028 0D + 4.
independientes\ g 137 + 58 B 0.1+ 02 56.5 = 12.7 A 0.05 = 0.1 B 0.8 + 1.59 D 0D
G 0C 0.1=03 0C 002 =0.05B 0D 0D

“ As estimated by visual observation.

b As determined by lesion sketches and image analysis.

© Within each column, values followed by different letters (A, B, C, or D) are significantly different from each other (P < 0.001).

4 Group C received PRRSV on day —10 and M. hyopneumoniae on day 0 and so is not matched with the other groups with respect to the number of days after
inoculation with PRRSV.

Thacker et al. (1999) J Clin Microbiol., 37: 620-627
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X

’ Coinfeccion PRRSV - M. hyopneumoniae oty —
Group Infection status (day of inoculation®) e ‘pg.
Day 3 Day 10 Day 28 necropsied
A PRRSV (0). M. hyopneumoniae (0) 6 6 8 20
B PRRSV (0), M. hyopneumoniae (—21) 6 6 8 20
o - L C PRRSV (—10). M. hyopneumoniae (0) 6 6 8 20
Lesiones microscopicas D M. hyopneumoniae (-21) 6 6 8 20
E M. hyopneumoniae (0) 6 6 8 20
F PRRSV (0) 6 6 8 20
G Control (0) 6 6 8 20
“ Pigs were 6 weeks old at day 0.
TABLE 4. Microscopic lesion scores from pigs inoculated with either PRRSV, M. hyopneumoniae, or both
Score for pneumonia induced by PRRSV* or M. hyopneumoniae” at the following necropsy date:
Group Day 3 Day 10 Day 28
PRRSV M. hyopneumoniae PRRSV M. hyopneumoniae PRRSV M. hyopneumoniae

2

e
0=
2

0 4. . 1.7+ 10A 48 =07 A
0.3 = 0.5 . : 08+04B 1.3=05B
0 . E 18+ 10A 43+ 12A
0.2 = 0.4 0> = 0.6B.C 0.1 =04C

Coinfecciones

1
.
33

_ Infecciones E 02+04C 0 0B 0.5+ 0.6 B.C 0C
independiente F 15+08B 03 =05 37+08A 0C 14+05B 1+06C
G 02 =04C 0 0B IS =04B.C 0C 03=03D

@ PRRSV scores are based on the severity of interstitial pneumonia. 0, no microscopic lesions; 1, mild multifocal pneumonia; 2, mild diffuse pneumonia; 3, moderate
multifocal pneumonia; 4, moderate diffuse pneumonia; 5, severe multifocal pneumonia; 6, severe diffuse pneumonia.

b M. hyopneumoniae scores are based on the severity of peribronchiolar and perivascular cuffing and lymphoid nodule formation, as follows: 1, mild; 2, moderate;
3, severe; 4, very severe. (), no microscopic lesions.

© Within each column, values followed by different letters (A, B, C, or D) are significantly different from each other (P < 0.001).

4 Group C received PRRSV on day —10 and M. hyopneumoniae on day 0 and so is not matched with the other groups with respect to the number of days after
inoculation with PRRSV.

Thacker et al. (1999) J Clin Microbiol., 37: 620-627



La coinfeccion SIV- M.
hyopneumoniae produce
lesiones mas graves y

mayor alteracion de los
parametros productivos
que las infecciones
independientes

Coinfeccion SIV - M. hyopneumoniae

Ganancia Media Diaria
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Grado de lesion macroscopica

08 T—FT

06 1
04 1-
02 -

Gain per day (kg)

D0- D4 DO- D7

Days post.infection SIV

Fig. 2. Mean daily weight gain (kg) of pigs after SIV inoculation, between 0
and 4 days post-infection and between 0 and 7 days post-infection. Mean
daily weight gain of C group (Jll), M group (EZ]), HIN1 group (77), MHIN1
group (#2), HIN2 group (Jll) and MH1N2 group (##). * indicates that the
group is significantly different from the C group (P < 0.05).

20

* %

16 -

12

macroscopic lesion score (/28)
(=]
b

c M H1N1 MH1N1 H1N2 MH1N2

Fig. 3. Average score of macroscopic lung lesions. Each lobe was scored
visually between 0 and 4 (0 =no lesions; 4 =the entire lobe is affected).
The scores for each lobe were summed for an overall score of the entire
lung (score/28) of each animal, and then the average score was calculated
for the group. * indicates that the group is significantly different from M
group (P < 0.05). ** indicates that the group is significantly different from
M group and from H1N1 group (P < 0.05).

Deblanc et al. (2012) Vet Microbiol., 157: 96-105
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Deblanc et al. (2012) Vet Microbiol., 157: 96-105


Presenter Notes
Presentation Notes
Microscopic lesions were also observed and scored
(Fig. 4 and Table 3). The lungs of pigs in the control group
showed mild lesions but these lesions were not specific of
Mhp nor SIV infection (Fig. 4(a)). In Mhp-infected group, 4/
10 pigs developed a broncho-interstitial pneumonia with a
hyperplasia of the bronchiolar-associated lymphoid tissue,
that is due to Mhp infection (Fig. 4(b)). Groups infected
with SIVs developed subacute bronchiolitis, sometimes
acute with cell necrosis. These lesions were typical from
SIV infections but the scores varied depending on the virus
strains: H1N1-infected pigs showed moderated to marked
lesions (Fig. 4(c)) whereas pigs infected with H1N2 showed
mild to moderated lesions (Fig. 4(e)). In the H1N1 group,
the bronchiolitis was accompanied by interstitial pneumonia,
with hypertrophy of peribronchiolar smooth
muscle more important than in the H1N2 group.
The lungs of MH1N1 pigs showed an exacerbation of
bronchial pneumonia and superinfection with cellular
exudates in the alveoli (Fig. 4(d)), more marked than in
the lungs of MH1N2 pigs (Fig. 4(f)). However, we noted a
hyperplasia of the bronchiolar-associated lymphoid tissue
more important in the MH1N2 group than in the other
groups. In accordance with macroscopic lung lesions,
microscopic histopathology showed a stronger lung damage
for MH1N1 (total score: 10.4/20) than for the other groups


Signos clinicos y lesiones

Temperatura rectal

Coinfeccion SIV - G. parasuis

Puntuacion clinica

415
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Fig. 1 Rectal temperature (mean +SD) in pigs single or dual
inoculated with swine influenza virus (SIV) and/or Haemophilus
parasius (Hps). Number of pigs affected: Hps + SIV 11/11; SIV 7/11;
Hps 3/11
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Fig. 2 Clinical score (mean+5SD) of pigs single or dual inoculated

with swine influenza virus (SIV) and/or Haemophilus parasius (Hps).

The significant differences between groups are indicated with the
same superscripts

.
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Lesion pulmonar
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Fig. 3 Lung score (mean+SD) of pigs single or dual inoculated with
swine influenza virus (SIV) and/or Haemophilus parasius (Hps). The
significant differences between groups are indicated with the

same superscripts

Pomorska-Madl et al. BMC Veterinary Research (2017) 13:376
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Coinfeccion SIV - G. parasuis

Excrecion SIV- G. parasuis

La coinfeccion SIV- G. parasuis aumenta la excrecion

delvirus de la gripe

—— -
[y

—8— S|V —&—Hps+SIV -A- HPS control

mean SIV titre
(logyg TCIDg, titre/100 mg secrete)
w

7 0 1 2 3 4 5 6 7 8 9 10
dpi

Fig. 4 Nasal virus shedding (mean +5D) after inoculation of pigs with swine influenza virus (A/Poland/Swine/14131/2014) and or Haemophilus
parasius. Mean virus titres (determined by cell culture) in nasal swabs collected during study period. The dashed line represents the detection
limit. * - the significant differences compared to control group; a - the significant differences between inoculated groups; b - the significant

differences between SIV and Hps + SIV inoculated groups; ¢ — the significant differences between SIV, Hps + SIV and Hps 5

Mean H.parasuis titre
(logy, CFU/100mg secrete)

—a— SV —o— Hps+SIV - #A- Hps - - control

-7 0 1 2 3 4 5 6 7 8 9 10
dpi

Fig. 5 Nasal bacteria shedding (mean +SD) after inoculation of pigs with Haemophilus parasius. Mean colony forming units (CFU) (determined by
guantitative PCR) in nasal swabs collected during study period. * - the significant differences compared to control and SIV group

Pomorska-Madl et al. BMC Veterinary Research (2017) 13:376
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Coinfeccion SIV - G. parasuis

La coinfeccién SIV- G. ; tal
Titulo en pulmon SIV- G. parasuis a colnteccion parasuis aumenta (a

replicacion de ambos patdgenos

Replicacion delvirus de la gripe

s A
6
a . .z .
a asiv OHps+SIV Replicacion de G. parasuis
b } b —I_ B Hps mcontrol g
g | 5
v B 4 osiv OSIV+Hps
o
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Fig. 6 Swine influenza virus titre (mean +SD) (determined by cell culture) in the lung at 2, 4 and 10 days after single or dual inoculation of pigs
with swine influenza virus and/or Haemophilus parasius. The dashed line represents the detection limit. Columns with various superscripts within 0
the same day of study differ significantly
A vy
Fig. 7 H. parasuis titres (mean £5D) (determined by quantitative PCR) in the lung at 2, 4 and 10 days after single or dual inoculation of pigs with
swine influenza virus and/or Haemophilus parasius. The dashed line represents the detection limit. * - significant differences compared to
remaining groups
p.

Pomorska-Madl et al. BMC Veterinary Research (2017) 13:376
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A Lesiones ’

‘ Coinfeccion SIV - S. suis

p < 0.001
i
Carga virica i p < 0.001
rga viri o } i
o
8 41
4, R HIN1 . 3
W H1N1-SS2 g
O 24
©
—_ 2 *k :
5 3 =
(=
=
N v &
- = S S
3 2- X &
Q R
w
o
- 14
0 Fig 1. Histopathologic changes in lungs of infected pigs. Pigs were PBS-control infected or infected with HIN1, SS2 and H1N1-SS2 as described in
' methods. On day 6 of the experiment, lungs were removed and underwent Hematoxylin and eosin stain. (A) The microscopic lesions of lung tissues from
0d 2d 4d éd Lungs each group showed different extent of acute pneumonia with pathological changes: alveolar wall thickening, bleeding (red arrow), debris in the lumen (green
} { arrow), erythrocyte effusion (blue arrow), and the accumulation of inflammatory cells. (B) Histological score of sections of lungs in pigs from each group were
Swabs showed as mean + SEM by two-tailed Student’s t-test. P-value less than 0.05 was considered to represent a statistically significant difference.

Fig 2. Virus isolation of nasal swabs and lungs in each group. Swabs were collected from the right
nostrils of pigs from each group every other day. The obtained nasal swabs were inserted into vials
containing 1.5 mL of sterile PBS. Supernatants were collected and viruses were qualified as LgEIDso. At the
day 6 of the experiment, all pigs were humanely euthanized and lungs were collected and homogenized in
sterile PBS and then centrifuged to collect the supernatant. Virus titer was quantified as LgEID5,. Data were
showed as mean + SEM by Student’s t-test. P-value less than 0.05 was noted with a single-asterisk and p-

value less than 0.01 was noted with a double-asterik. Lin et al. (2015) PLoS ONE 10(4): e0124086. doi:10.1371/journal.pone.012408
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Coinfeccion PRRSV - PRCV l

La coinfeccion PRRSV-PRCV produce lesiones mas
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Presenter Notes
Presentation Notes
Microscopic lesions were also observed and scored
(Fig. 4 and Table 3). The lungs of pigs in the control group
showed mild lesions but these lesions were not specific of
Mhp nor SIV infection (Fig. 4(a)). In Mhp-infected group, 4/
10 pigs developed a broncho-interstitial pneumonia with a
hyperplasia of the bronchiolar-associated lymphoid tissue,
that is due to Mhp infection (Fig. 4(b)). Groups infected
with SIVs developed subacute bronchiolitis, sometimes
acute with cell necrosis. These lesions were typical from
SIV infections but the scores varied depending on the virus
strains: H1N1-infected pigs showed moderated to marked
lesions (Fig. 4(c)) whereas pigs infected with H1N2 showed
mild to moderated lesions (Fig. 4(e)). In the H1N1 group,
the bronchiolitis was accompanied by interstitial pneumonia,
with hypertrophy of peribronchiolar smooth
muscle more important than in the H1N2 group.
The lungs of MH1N1 pigs showed an exacerbation of
bronchial pneumonia and superinfection with cellular
exudates in the alveoli (Fig. 4(d)), more marked than in
the lungs of MH1N2 pigs (Fig. 4(f)). However, we noted a
hyperplasia of the bronchiolar-associated lymphoid tissue
more important in the MH1N2 group than in the other
groups. In accordance with macroscopic lung lesions,
microscopic histopathology showed a stronger lung damage
for MH1N1 (total score: 10.4/20) than for the other groups


Table 1
Experimental design and group designations.

Complejo respiratorio porcino: resultado de las coinfecciones

 Coinfeccion PRRSV - PCV-2

Group designation Batch® Number of pigs PCV2 inoculum PRRSV inoculum
Negative controls 1 8 None None

Col-92-2a 1 9 PCV2a VR-2385
Col-92-2b 1 9 PCV2b VR-2385
Col-06-2a 1 9 PCV2a NC16845b
Col-06-2b 1 9 PCV2b NC16845b
PRRSV-1-92 2 4 None VR-2385
PRRSV-1-06 2 5 None NC16845b
B3-PRRSV-1-92 3 5 None VR-2385
B3-PRRSV-I-06 3 4 None NC16845b

2 Batch 1 and 2 pigs were derived from the same source herd free of PRRSV and PCV2 whereas batch 3 pigs were derived from a different source herd

seropositive for PCV2.

PRRSVy
PCV-2
Solo
PRRSV

Table 7

Mean group macroscopic ( percentage of lung surface affected by lesions)
and microscopic (interstitial pneumonia ranging from 0=normal to
6 =severe, diffuse) lung lesions (mean group amount + SE). Data obtained
from B3-PRRSV-I-92 and B3-PRRSV-1-06 pigs (gray shaded area) were not
included in the analysis. Significant (P < 0.05) differences between groups
are indicated by different superscripts (A, B, C).

Group Macroscopic lung Microscopic lung
lesions (0-100%) lesions (0-6)

Negative controls 0.1+0.1% 0.75 + 0.25"
Col-92-2a 54.8 +4.3° 4.44 +0.24"°
Col-92-2b 56.3 + 4.58 467 +0.178
Col-06-2a 52.8 +6.4 478 +£0.32
Col-06-2b 48.7 +4.7%¢ 4.44 +0.24"
PRRSV-1-92 31.8 +8.3% 2.50+0.87"
PRRSV-1-06 43 +2070C 1.80+ 0.80
B3-PRRSV-1-92 438 +57 460+024
B3-PRRSV-1-06 25.8 +10.2 4.00+0.71

Opriessnig et al. (2012) Vet. Microbiol., 158: 69-81
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Microscopic lesions were also observed and scored
(Fig. 4 and Table 3). The lungs of pigs in the control group
showed mild lesions but these lesions were not specific of
Mhp nor SIV infection (Fig. 4(a)). In Mhp-infected group, 4/
10 pigs developed a broncho-interstitial pneumonia with a
hyperplasia of the bronchiolar-associated lymphoid tissue,
that is due to Mhp infection (Fig. 4(b)). Groups infected
with SIVs developed subacute bronchiolitis, sometimes
acute with cell necrosis. These lesions were typical from
SIV infections but the scores varied depending on the virus
strains: H1N1-infected pigs showed moderated to marked
lesions (Fig. 4(c)) whereas pigs infected with H1N2 showed
mild to moderated lesions (Fig. 4(e)). In the H1N1 group,
the bronchiolitis was accompanied by interstitial pneumonia,
with hypertrophy of peribronchiolar smooth
muscle more important than in the H1N2 group.
The lungs of MH1N1 pigs showed an exacerbation of
bronchial pneumonia and superinfection with cellular
exudates in the alveoli (Fig. 4(d)), more marked than in
the lungs of MH1N2 pigs (Fig. 4(f)). However, we noted a
hyperplasia of the bronchiolar-associated lymphoid tissue
more important in the MH1N2 group than in the other
groups. In accordance with macroscopic lung lesions,
microscopic histopathology showed a stronger lung damage
for MH1N1 (total score: 10.4/20) than for the other groups
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Aproximaciones al diagnostico de las alteraciones respiratorias

cComo abordar el diagndstico de las enfermedades respiratorias?

Project start / Outbreak of respiratory disease 1SN /I-Ierd demographics\ Laboratory Follow up
herd visit \ 2nd herd visit analyses 3rd herd visit

.
'

A. pleuropneumoniae=Actinobacillus pleuropneumoniae, SIV=Swine Influenza virus, PRRSV=Porcine Reproductive and Respiratory Syndrome Virus, PRCV=Porcine Respiratory Corona Virus, M. hyopneumoniae=Mycoplasma
hyopneumaoniae, RT-qPCR = Real Time quantitative Polymerase chain reaction, PCV2=Porcine Circovirus type 2.

Laboratory
analyses

- S < y

Time from outbreak

v | l

All sampled material where stored in sealed containers wrapped in absorbent wrapping, packed with cold packs in Styrofoam box and shipped by express overnight shipping to The Norwegian Veterinary Institute.
* Non-outbreak herds: organ sampling from animals without clinical signs of respiratory disease.

** By captive bolt and exsanguination.

*** Yacuette® 9 mL Z Serum Clot Activator, Greiner Bio-One 18G needles. Centrifuged at 2500 rpm for 5 minutes. Serum extracted and kept at -20°C until analysis.

*®** Refrigerated at approximately 4 degrees Celsius until examination 1-3 days after evisceration.

***** [nbleached cotton rope. Sample extracted into clean collection bag and sampling vial. Oral fluids kept at -20°C until analysis.

Fig. 1 Overview of the timeline and procedure of the study

v

Cohen et al. Acta Vet Scand (2020) 62:35
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\ Sospecha clinica 1. Edad de presentacion
2. Morbilidad y mortalidad

3. Signosclinicos

Observacion de los animales

Signos sistémicos

Conjuntivitis

Estornudos

Descarga nasal

Tos seca

Tos productiva ©Cinta Prieto
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Aproximaciones al diagnostico de las alteraciones respiratorias

Sospecha clinica Signos clinicos

indice de tos: toses o
estornudos/cerdo/minuto

0.10

Coughing and sneezing frequencies
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Fig. 1. Coughing and sneezing frequencies (average number of coughs/sneezes per pig per minute) measured in 48 pens of pigs aged 13 weeks (n = 33 + 2 pigs/pen)
for ten consecutive weeks, on an Irish finisher pig farm in 2018 (box: median and interquartile range (IQR); whiskers: 1.5 x IQR).
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ospecha clinica Signos clinicos

Indice de tos: N° total de episodios de tos/ [n° de cerdos x tiempo de observacién (min)] x 100

Monitorizacion con ayuda de la IA (ReHS: Respiratory Health Status)

Batch 1, ReHS Monitor 1 and Monitor 2
100

90 - = e
80 Figure 1. Left picture: SoundTalks® monitor in science mode (blue led). Right picture: Plugged
70 ) .
Batch 2, ReHS Monitor 1 and Monitor 2
60 100
; V 90

=i
= 50
(7
30 70
20 60
10 E
S 50
0 40
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 30
‘ Study day ‘ A 20
Monitor 1 Monitor 2
10
Figure 3. ReHS of batch 1 (A) and batch 2 (B) obtained by monitor 1 and monitor 2 over the entire

study period. Green indicated a normal ReHS, which ranges from 60 to 100. Yellow indicated a
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

potential risk of a respiratory problem, equivalent to 40-59 ReHS and red a high risk of a respiratory
Study day

problem, equivalent to 0-39 ReHS.
Eddicks et al. /Viruses 2024, 16, 1575. https://doi.org/10.3390/v16101575

e \[OnNitor 1 Monitor 2




Aproximaciones al diagnostico de las alteraciones respiratorias

ospecha clinica Bronconeumonia catarral (purulenta)
Lesiones @

Via de entrada: aerégena

Observaciones macroscoépicas:

* Distribucion craneo-ventral

* Elevado grado de consolidacion

* Clarademarcacion entre tejido
afectado y tejido normal

* Exudado purulento en vias respiratorias

Lesiones microscopicas:
* Inflamaciodn de los espacios
broncoalveolares

* Infilracion de neutrofilos Agentes causales mas habituales:
* Abundante exudado en vias * Bordetella bronchiseptica
respiratorias y alveolos * Pasteurella multocida

e Mesomycoplasma hyopneumoniae
(neumonia enzootica)
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Sospecha clinica ’ Pleuroneumonia fibrinosa o fibrinonecrotizante
Lesiones @

Via de entrada: aerégena

Observaciones macroscépicas:

e Distribucion craneo-ventral o
dorsocaudal (APP)

* Dano tisular extenso. Con frecuencia
necrosis del tejido pulmonar

* Exudacion y/o fibrina en la superficie
pleural

©Javier Martinez Lobo

Lesiones microscoépicas:
* Engrosamiento de los tabiques Sy
interlobulillares, : o
«  Presencia de fibrina y neutréfilos en ©Cinta Prieto |
bronquios, bronquiolos y alvéolos
« Areas de necrosis coagulativa,
* Pleuritis fibrinosa.
 Casoscronicos:
e Secuestros pulmonares,
Adherencias pleurales

Agentes causales mas habituales:

* Actinobacillus pleuropneumoniae

 Bordetella bronchiseptica (bronconeumonia
necrotico-hemorragica)



Presenter Notes
Presentation Notes
Secuestros pulmonares, consistentes en áreas de extensión variable de tejido necrótico
rodeadas de tejido conjuntivo y de granulación, y la posible
presencia de adherencias pleurales
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’ Pleuroneumonia fibrinosa o fibrinonecrotizante

Lesiones

Fig. 1. Gross lesions of lungs. In the pig No. 695 (left side), the lung is swollen, and severe hemorrhages are observed in the right anterior and
middle lobes and left caudal lobe. The surfaces of the left lobes are partially covered with fibrin. In the pig No. 699 (right side), severe hemor-
rhages and fibrin deposition are observed in the right middle and caudal lobes. Bar=5 cm.

Fig. 2. Histopathologic features of pneumonia. Pig No. 699. (A) Multifocal abscesses with central necrosis are encapsulated with granulation tissue.
Hematoxylin and eosin (HE). Bar=400 pm. (B) Numerous neutrophils infiltrate around the necrotic area. Oat cells surround the bacterial cells.
HE. (C) Asteroid bodies in the inflammatory foci. Eosinophilic amorphous material with radiating club-shaped configurations is deposited around

the bacterial cells (inset, higher magnification). HE. (D) The bacterial cells are immunolabeled with antiserum raised against Actinobacillus TO et al / J Vet Med SCl 85(1 0)- 11 31_1 1 35 2023 doi- 1 O 1 292/]Vms 23_0202
. . . . . . N . . .

pleuropneumoniae serovar 15 (inset, higher magnification of the asteroid body). Immunohistochemistry. Bars (B-D)=40 pum.
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Secuestros pulmonares, consistentes en áreas de extensión variable de tejido necrótico
rodeadas de tejido conjuntivo y de granulación, y la posible
presencia de adherencias pleurales


Aproximaciones al diagnostico de las alteraciones respiratorias

Sospecha clinica ’ Pleuroneumonia fibrinosa o fibrinonecrotizante
Lesiones

‘!:ll:“'miw“x“‘“ VY |

Figure 3. Acute (A) and chronic (B) pleuropneumonia by Actinobacillus pleuropneumoniae: in (A), an acute, locally extensive,
and protruding nodule coexists with associated pleuritis localized in the craniodorsal side of the left lung lobe, referable to
A. pleuropneumoniae and cranioventral pneumonia. In (B), multifocal nodules of the chronic form.

Sarli et al., Vet. Sci. 2021, 8, 256. https://doi.org/10.3390/vetsci8110256
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Secuestros pulmonares, consistentes en áreas de extensión variable de tejido necrótico
rodeadas de tejido conjuntivo y de granulación, y la posible
presencia de adherencias pleurales


Sospecha clinica
Lesiones

’ Neumonia bronquiolo-intersticial |

Observaciones macroscopicas:

Distribucion craneo-ventral
Demarcacion claray distribucion
lobulillar

Areas firmes al tacto y purpureas o
grisaceas

Mas frecuente en lébulos apicales e
intermedios

Lesiones microscopicas:

Necrosis del epitelio bronquial,
bronquiolar y alveolar

Oclusién de las vias respiratorias por
células inflamatorias y material
necrotico,

Infiltracion linfocitica peribronquial y
perivascular

Hiperplasia del epitelio de las vias
respiratorias y los alvéolos

J

’ Via de entrada: aerégena

Agentes causales mas habituales:

Mesomycoplasma hyopneumoniae
(micoplasmosis)
Virus de la gripe
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Sospecha clinica
Lesiones

Aproximaciones al diagnostico de las alteraciones respiratorias

’ Neumonia bronquiolo-intersticial ]

Observaciones macroscopicas:

Distribucion craneo-ventral
Demarcacion claray distribucion
lobulillar

Areas firmes al tacto y purpureas o
grisaceas

Mas frecuente en lébulos apicales e
intermedios

FIGURE 1 Lungs, pigs. (a) Multifocal,
dark red depressed areas resembling a L R 7“.-’5‘-;33&'% 3
checkboard, mostly in the cranioventral &y ;, 2 - '*“':"'_'F-"_ E&ﬁ‘?
areas of the lungs. Acute influenza A virus .
(IAV) infection. (b) Dark red consolidation
of the ventral lung lobes. Subacute AV
infection with Mycoplasma hyopneumoniae
(Mhyo) coinfection. (c) Acute necrotizing
bronchiolitis with obliteration of the lumen
by neutrophils and adjacent alveolar
atelectasis, influenza A virus, H&E. (d)

Lesiones microscopicas:

Necrosis del epitelio bronquial,
bronquiolar y alveolar

Oclusién de las vias respiratorias por
células inflamatorias y material
necrotico,

Infiltracion linfocitica peribronquial y
perivascular

Hiperplasia del epitelio de las vias
respiratorias y los alvéolos

Positive signal for IAV nucleoprotein

(NP) within nucleus and cytoplasm of
epithelial cells of bronchioles in acute
IAV infection. Immunohistochemistry for
anti-8251 IAV antibody. (e) Necrotizing
bronchial adenitis and bronchial epithelial
necrosis with lumina partially filled

with necrotic debris and degenerate
neutrophils in AV infection. H&E. (f)
Subacute bronchointerstitial pneumonia
with lymphocytic peribronchiolitis and
bronchiolar epithelial hyperplasia, influenza
A virus, H&E

Rech et al. Zoonoses Public Health. 2018;65:e155-e161
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Sospecha clinica ‘ Neumonia bronquiolo-intersticial

Kimble et al., J Virol, March 2022 Volume 96 Issue 5 e01725-21



Aproximaciones al diagnostico de las alteraciones respiratorias

Sospecha clinica ’ Neumonia intersticial
N

’ Diseminacion sistémica

Observaciones macroscopicas:

* Distribucién generalizada

* Lesiones macroscoépicas poco claras
* Faltade collapso pulmonar
 Patrén lobulillar

* Potencial edema intersticial

Lesiones microscopicas:

* Engrosamiento de septos alveolares

* Exudado inflamatorio

* Ocasionalmente proliferacion de
neumocitos de tipo |l

Agentes causales mas habituales:
* PRRSV

- ADV

e Otros virus sistémicos




Aproximaciones al diagnostico de las alteraciones respiratorias

Sospecha clinica ’ Neumonia intersticial
Lesiones

Figure 5. Interstitial pneumonia: non-collapsed lungs, with rib impressions (A), in acute (A) and chronic (B) interstitial

pneumonia. Acute changes include diffuse hyperemia and edema of perilobular connective tissue (C). In chronic stages, the
lung is slightly increased in consistency and colored whitish due to fibrosis (D).

Sarli et al., Vet. Sci. 2021, 8, 256. https://doi.org/10.3390/vetsci8110256
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Sospecha clinica ' Neumonia tromboembdlica
N

’ Diseminaciéon hematégena ‘

Observaciones macroscopicas:

* Multifocal

* Focos de necrosis encapsulados

* Evolucidén a abscesos o granulomas

r ” . | -
v, ’: e Tl

' ‘©Cinta Prieto i%

Lesiones microscoépicas: L g 157

* Engrosamiento de septos alveolares lﬂe -

* Exudado inflamatorio

* Ocasionalmente proliferacion de
neumocitos de tipo |l

Agentes causales mas habituales:
 Bacterias piégenas
* Parasitos
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Sospecha clinica ’ Neumonia tromboembdlica
Lesiones

Figure 4. Hematogenous lung spread: in (A), together with a cranioventral pneumonia, the right basal lobe shows multiple
acute and recent red foci of hyperemia/hemorrhage referable to bacteremia often of intestinal origin. In (B), multiple foci of
suppuration surrounded by normal lung parenchyma, due to lung arrest of microthrombi originating from septic phlebitis

outside the lungs.
Sarli et al., Vet. Sci. 2021, 8, 256. https://doi.org/10.3390/vetsci8110256
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Sospecha clinica ’ Neumonia granulomatosa
Lesiones @

’ Diseminacion aerégena o hematégena

Observaciones macroscopicas:

* Multifocal

* Modbdulos o granulomas

* Enocasiones también en otros
organos

Lesiones microscopicas:

* Microscopicamente, los nddulos
contienen un centro necroético
infiltrado de macréfagos y células
inflamatorias rodeado de tejido

co nj untivo La lesi6n afecta a todos los I6bulos pulmonares y los linfonodos mediastinicos.

Agentes causales mas habituales:

* Micobacterias https://sesc.cat/es/neumonia-granulomatosa-de-causa-
e Parasitos desconocida-en-un-cerdo/
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Sospecha clinica ’ Complejo Respiratorio Porcino

Observaciones macroscopicas:
* Variables

Lesiones microscépicas:
* Variables

©Javier Martinez Lobo..
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Aproximaciones al diagnostico de las alteraciones respiratorias

Diagnostico etiologico

w—

Muestras de sangre Hisopos nasales

Posibles muestras

Hisopos o lavados
laringeos o
traqueobronquiales

\ Fluidos orales l

Muestras de
pulmon




Hisopos nasales

* Gripe (momento toma de muestra)
* Rinitis atréfica

[

Virus titer (log,, TCIDgy/ml)
o N WA OO N

2 3 4 5 6 7
Days postinoculation

o

FIG 2 wtTX98 and IvTX98 excretion by intranasally inoculated pigs. Conventional influenza-naive pigs
were intranasally inoculated with 6.3 log,, TCID,, of wtTX98 (blue circles, n = 6) or IvTX98 (orange
squares, n = 16) in 3 mL of PBS, and nasal swabs were taken daily to evaluate virus titers in a CPE
assay on MDCK cells. Log,,-transformed virus titers of individual pigs are shown by dots; lines
indicate mean values of each group. Virus titers were compared between groups using 2-sided
Mann-Whitney U tests. The black dotted line represents the detection limit. *, P < 0.05; **, P < 0.001.

Aproximaciones al diagnostico de las alteraciones respiratorias

Dlagnostico etiologico Toma de muestras

SIV infection

Time after 0 6 9 12 18 24 30 48 72 hours
inoculation . . , , ) | f ; .
T 1 T 1 1 L] L T
3 .
Respiratory |
scores 2T
1A
0 S

Lung virus titres
neg. 53 57 93 82 75 64 78 6.6
(log;p EIDs)/g) e

Neutrophils
(% of BAL cells) 3o 1 4 41 56 20 7 6
6 -
5 -
F:ytokines 4+
in BAL
(log, o U/ml) 3T
24
] |
---- INa — L
— — "['NF_D: ___________ [L—G

Van Reeth et al. (2002). Vet. Immunol Immunopathol., 87:161-168

Vandoorn et al. J Virol. June 2022 Volume 96 Issue 11 10.1128/jvi.00519-22



Aproximaciones al diagnostico de las alteraciones respiratorias

Diagnostico etiologico

Hisopos o lavados traqueobronquiales o laringeos

Table 1

Toma de muestras

Aislamiento muy dificil

In vivo

M. hyopneumoniae

Description of current M. hyopneumoniae diagnostic assays and relative diagnostic sensitivity by sample type. Relative diagnostic sensitivity is based on comparisons

between sample types within the same assay type, from very low (-) to very high (4+4++). Only clinical specimens that have been compared in the literature are
included, although more sample types may exist per assay type.

Diagnostic Assay Principle Sample Relative References
category diagnostic
sensitivity
Detection of Bacterial culture Isolation of M. hyopneumoniae Nasal swab + (Marois et al., 2007)
viable Tonsillar swab ++
bacteria Lung tissue +/++
Tracheobronchial +++
swab
Tracheobronchial +++
lavage
Detection of Immunofluorescence Detection of M. hyopneumoniae antigens using Frozen lung tissue No comparison available
bacterial antibodies in tissue
antigens Immunohistochemistry  Detection of M. hyopneumoniae antigens using Fixed lung tissue

antibodies in tissue

B. Garcia-Morante et al. The Veterinary Journal 288 (2022) 105877



Aproximaciones al diagnostico de las alteraciones respiratorias

* M. hyopneumoniae In vivo

Dlagnostico etiologico \ Toma de muestras

Table 1

Description of current M. hyopneumnoniae diagnostic assays and relative diagnostic sensitivity by sample type. Relative diagnostic sensitivity is based on comparisons
between sample types within the same assay type, from very low (-) to very high -+ +). Only clinical specimens that have been compared in the literature are
included, although more sample types may exist per assay type.

Diagnostic Assay Principle Sample Relative References
category diagnostic
sensitivity
Detection of In situ hybridization Detection of M. hyopneumoniae-specific genome Fixed lung tissue No comparison available
bacterial regions using complementary probes in tissue
nucleic acid Standard PCR Primer specific amplification of Multiple sample No comparison available
M. hyopneumoniae nucleic acid type
Nested PCR Two primer specific amplifications of Nasal swab + (Kurth et al., 2002; Sibila et al., 2004;
M. hyopneumoniae nucleic acid, using internal Marois et al., 2007, 2010; Fablet et al.,
specific primers complementary to the first 2010)
. amplification nucleotide sequence Oro-pharyngeal ++ (Fablet et al., 2010)
Hisopos o lavados swab
9 Tonsillar swab ++ (Sibila et al., 2004; Marois et al., 2007,
traqueobronquiales o 2010)
e Lung tissue - (Kurth et al., 2002)
la rl ngeos Tracheobronchial +++ (Kurth et al., 2002; Marois et al., 2007,
swab 2010; Fablet et al., 2010)
Tracheobronchial +++ (Kurth et al., 2002; Marois et al., 2007;
| | lavage Fablet et al., 2010)
| (1 ! Bronchial swab +++ (Sibila et al., 2004)
4 Real-time PCR Primer specific amplification and fluorescent Oral fluids -/+ (Pieters et al., 2017)
probe-based detection of M. hyopneumoniae Nasal swab + (Marois et al., 2010; Pieters et al.,
, . nucleic acid 2017)
Tecnicas moleculares Tonsillar swab ++ (Marois et al, 2010)
Tracheobronchial ++ (Pieters et al., 2017)
lavage
Lung tissue ++ (Marois et al., 2010)
Laryngeal swab +++ (Sievers et al., 2015; Pieters et al.,

2017; Betlach et al., 2020; Sponheim
et al., 2020)

Tracheobronchial +/+++H (Marois et al., 2010; Sievers et al.,
swab 2015)

Deep-tracheal +/+++ (Betlach et al., 2020; Sponheim et al.,
catheter 2020)

Bronchial swab ++++ (Sievers et al., 2015; Betlach et al.,

B. Garcia-Morante et al. The Veterinary Journal 288 (2022) 105877 . L ) 20200
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Diagnostico etiologico Toma de muestras In vivo

Fluidos orales
Sangre

Patdogenos
sistémicos

- Faciles de obtener en - Peor sensibilidad para
animales en crecimiento algunos patdégenos

Serologia

- Permite realizar el - Muestra agregada, no
seguimiento en individual (no valida para
poblaciones aislamiento)

- Menor coste - Carga del patdgeno

generalmente baja ( no
valida para secuenciacion)

- Pueden no representar
tipos mas patégenos (APP)
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Dlagnostico etiologico Toma de muestras

Caracterizacion de serotipos de APP Fluidos orales vs pulmon

Table 5 Frequencies of detection of A. pleuropneumoniae serotypes found in clinical and subclincal animals

Serotype Lungs (n=712) Oral fluids (n=171)

n Percentage (%) C195% n % Cl95%
1 4 06 0.15-1.43 29 16.96 11.66-2344
2 157 22 19.06-25.28 58 3392 26.87-41.54
3 1 0.1 0-0.78 6 3.51 1.30-7.48
4 80 11.2 9.01-13.79 41 2398 17.79-31.09
5 56 79 6.0-10.09 9 5.26 243-976
6 11 1.5 0.77-2.75 10 5.85 2.84-1049
7 15 2.1 1.18-345 73 4269 35.17-5047
8 26 36 2.40-531 19 11.11 6.82-16.81
9/11 200 281 24.81-3155 29 16.96 11.66-23.44
10 3 04 0.09-1.23 12 7.02 3.68-11.94
12 5 0.7 0.23-1.63 42 2456 1831-31.72
13 90 126 10.29-15.31 39 2281 16.75-29.83
14 0 0 0-0.52 19 11.11 6.82-16.81
15 0 0 0-0.52 1 0.58 0.01-321
16 0 0 0-0.52 0 0 0-2.13
17 84 11.8 9.52-14.40 29 16.96 11.66-2344
18 13 1.8 0.98-3.10 21 12.28 7.77-18.16
19 0 0 0-0.52 16 9.36 544-1475
NT® 2 03 0.03-1.01 2 1.16 0.14-4.16

®Non-typeable.
Arnal Bernal et al. Veterinary Research (2024) 55:165
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' Toma de muestras In vivo

Serologia

- Permite realizar el - Deteccion mas tardia
seguimiento en
poblaciones

- No permite caracterizar al
agente etioldgico

- Permite determinar (antibiograma)

posibles interferencias con
anticuerpos maternos en
programas de vacunacion

- Aveces pueden existir
reacciones cruzadas (ej.
subtipos del virus de la
- Con algunos patdgenos gripe)

permite diferenciar
vacunhaciony exposicion
(APP)

- Permite garantizar el
estatus sanitario de las
cerdas de renovacion

- La seroconversion es
variable
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Diagnaostico etiologico

’ Dinamica infeccion M. hyopneumoniae

’ Serologia

Acute phase of infection Chronic phase of infection

Infectious period

Detection of antibodies |
| Detection of genetic material

&
4

Peak of cough and lung lesion
frequency

_________________________
.....

Cough  Pneumonia

Incubation period cessation  resolution

-——————

Latent period
— .

0 1 2 4 10 12 34 weeks post-infection
A

Exposure

Fig. 1. Schematic overview of coughing, gross lung lesions and antibody dynamics, and detection of M. hyopneumoniae by PCR in clinical samples of pigs after
experimental infection. Latent period: time interval between infection and infectiousness (to transmission/infection of other pigs). Incubation period: time elapsed
between infection and appearance of clinical signs (onset of disease). The solid line represents coughing and lung lesion dynamics, whereas the dotted line depicts
M. hyopneumoniae-specific antibody dynamics. Gray shading symbolizes the likelihood of genetic material or antibody detection for M. hyopneumoniae, with darkest
shade having the highest likelihood. Onset and duration of each parameter is proposed based on summarized information described in the literature.

B. Garcia-Morante et al. The Veterinary Journal 288 (2022) 105877
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Aproximaciones al diagnostico de las alteraciones respiratorias

’ Vigilancia epidemiolégica M. hyopneumoniae cerdas de renovacion ’

Farm A Farm B

100%

80%

60%

40%

20%

150doa 165 doa 180doa 210doa 240doa 270doa Pre-farrowing 150 doa 165 doa 180 doa 210doa 240doa 270doa 300doa Pre-farrowing

= ELISA = gPCR M ELISA mqgPCR

Farm C

80%

60%

40%

20%

0%
150doa 165 doa 180 doa 210doa 240doa 270doa 300doa Pre-farmowing

MELISA WgPCR

Fig. 1. Percentage of M. hyopneumoniae positivity in the ELISA and PCR assays of negative replacement gilts housed in three M. hyopneumoniae positive farms (A, B,
and C). DOA = days of age.
DIdIUAUDT GLdl. VGLGIITIdly IT1IuI ubiology 286 (2023) 109886



Diagnostico gripe: caracterizacion de subtipos

Caracterizacion molecular de subtipos o serotipos ’ Diagnéstico gripe: caracterizacion de subtipos

Influenza A Virus (IAV)
+ porcine Respirovirus-1 (PRV1)
+ swine Orthopneumovirus (SOV)

4plex RT-qPCR
M m
M

Hemagglutinin (HA)
3- and 2plex RT-
qPCR

Neuraminidase (NA)
3plex RT-qPCR

Molecular
subtype <
identification

T— molecular

sequencing

DIAGNOSTIC ALGORITHM

Figure 1. Diagnostic algorithm based on one-step multiplex RT-gPCRs for detection and subtyping of swine influenza A viruses
(swlAV) as well as the detection of porcine respirovirus 1 and swine orthopneumovirus circulating in European pig populations.
Step 1 depicts a tetraplex RT-qPCR, targeting the M-gene segment of (sw)IAV, the F-gene of PRV1 and the NP-gene of SOV; an
internal control (IC2) is essentially included in this tetraplex RT-gPCR (not shown). In step 2, subtyping for IAV RNA-positive
samples is attempted employing the one-step duplex- and triplex HA- and the triplex NA-specific RT-qPCRs developed in this
study. Step 3 is only required in case if HA or NA subtype/lineage cannot be assigned by the shown RT-gPCRs: HA and/or NA
amplicons need to be generated by conventional one-step RT-PCR for Sanger amplicon or minlON sequencing and BLAST searches
or swine H1 clade classification by Anderson, Macken [57] on the Influenza Research Database (IRD) to finalize subtyping of swlAV.

Graaf-Rau et alEmerging Microbes & Infections 2023, VOL. 12, 2239938 (13 pages) https://doi.org/10.1080/22221751.2023.2239938



Diagnostico gripe: caracterizacion de subtipos

Caracterizacion molecular de subtipos o serotipos

Schuwerk et al. Vet Res (2021) 52:10

https://doi.org/10.1186/513567-020-00890-x VETERINARY RESEARCH
’ Caracterizacion de serotipos de APP

RESEARCH ARTICLE Open Access

: ®
Sero- and apx-typing of German sl

Actinobacillus pleuropneumoniae field isolates
from 2010 to 2019 reveals a predominance
of serovar 2 with reqular apx-profile

Lukas Schuwerk!?*®, Doris Hoeltig®, Karl-Heinz Waldmann?, Peter Valentin-Weigand' and Judith Rohde'

Abstract

Serotyping is the most common method to characterize field isolates of Actinobacillus (A.) pleuropneumoniae, the
etiological agent of porcine pleuropneumonia. Based on serology, many farms seem to be infected and antibodies
against a wide variety of serovars are detectable, but, so far it is unknown to what degree respective serovars contrib-
ute to outbreaks of clinical manifest disease. In this study, 213 German A. pleuropneumoniae field isolates retrieved for
diagnostic purposes from outbreaks of porcine pleuropneumonia between 2010 and 2019 were genetically sero-
typed and analyzed regarding their apx-toxin gene profile using molecular methods. Serotyping revealed a prominent
role of serovar 2 in clinical cases (64% of all isolates) and an increase in the detection of this serovar since 2010 in Ger-
man isolates. Serovar 9/11 followed as the second most frequent serovar with about 15% of the isolates. Furthermare,
very recently described serovars 16 (n=2) and 18 (n =8) were detected. Most isolates (93.4%) showed apx-profiles
typical for the respective serovar. However, this does not hold true for isolates of serovar 18, as 75% (n=6) of all
isolates of this serovar deviated uniformly from the “typical” apx-gene profile of the reference strain 7311555. Notably,
isolates from systemic lesions such as joints or meninges did not harbor the complete apxICABD operon which is
considered typical for highly virulent strains. Furthermore, the extremely low occurrence (n=1) of NAD independent
(biovar Il) isolates in German A. pleuropneumoniae was evident in our collection of clinical isolates.

Keywords: Actinobacillus pleuropneumoniae, Serotyping, apx, Virulence, Atypical, Biovar, Systemic

Graaf-Rau et alEmerging Microbes & Infections 2023, VOL. 12, 2239938 (13 pages) https://doi.org/10.1080/22221751.2023.2239938
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Caracterizacion molecular de subtipos o serotipos

’ Caracterizacion de serotipos de APP
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A. pleuropneumoniae serotypes
Figure 1 Evolution of detection rates of the most frequently detected A. pleuropneumoniae serotypes during 2018-2022.

Arnal Bernal et al. Veterinary Research (2024) 55:165
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Dliagnostico etiologico \ Toma de muestras POSt o ortem
PUlmoN Cuidado con la
interpretacion ~ Tomar las
de los muestras de la

zona de unién
entre el tejido
sanoy enfermo

resultados
(patégenos
secundarios)

Consideraciones

Tomar muestras

en refrigeracion Tomar muestras
y en formol de animales
(estudios de sacrificados o
anatomia recién muertos
patoldgica)

Tomar muestras
de animales no
medicados




Vigilancia epidemiologica en el matadero

Valoracion de distintos lotes de animales de cebo

Goodwin et al. [55]

Hannan et al. [56]

Madec and Kobisch [57]

Morrison et al. [59]

Two-dimensional

Two-dimensional

Two-dimensional

Three-dimensional

Neumonta

Distintos métodos

Score: 0-55

Score: 0-35

Score: 0-28

Score: 0-100

Straw et al. [58]

Christensen et al. [60]

Reference method [61]

Sibila et al. [27]

Two-dimensional

Three-dimensional

Three-dimensional

Two-dimensional

Score: 0-100

Score: 0-100

Score: 0-100

Score: 0-100

Figure 1 Commonly used methods to score cranioventral pulmonary consolidation in slaughter pigs (adapted from [49]).

Maes et al. Veterinary Research (2023) 54:8




Vigilancia epidemiologica en el matadero

Valoracion de distintos lotes de animales de cebo
Table 3 Overview of pleurisy scoring systems in slaughter pigs®

w Score Scoring system
Madec and Kobisch [57] CTPAP Pointon et al. [66] SPES €

0 No pleurisy
\ SPES 1 Interlobular pleurisy (visceral ~ Fibrinous pleurisy Interlobular pleu- 1 N: pleurisy with normal Cranioventral lesion: interlobar
pleurisy) risy (adhesions lungs pleurisy or at ventral border of
lbegween lung 1P: pleurisy with pneumonic caudal lobes
obes) lungs
2 Localized pleurisy <2 cm Extended pleurisy: lungs Pleurisy (adhe- 2 N: pleurisy with normal Dorsocaudal monolateral focal
diameter cannat be removed from the sions of lungsto  lungs lesion
carcass chest wall 2P: pleurisy with pneumonic
lungs
3 Extensive pleurisy >2 cm - - Bilateral lesion of type 2 or
diameter with adhesions to extended monolateral lesion
ribcage (at least one third of one
diaphragmatic lobe)
4 Partial or total ribcage con- - - Severely extended bilateral
demnation lesion (at least one third of

both diaphragmatic lobes)

?The Danish system [41] is explained in the text but not listed in the table, as it differs significantly from the other systems
b CTPA System by the Centre Technique de Productions Animales[54]
€ SPES Slaughterhouse Pleurisy Evaluation System([67]

Maes et al. Veterinary Research (2023) 54:8



Vigilancia epidemiologica en el matadero

Valoracion de distintos lotes de animales de cebo

Cometes nasales dorsales

Rinitis atrofica

Valoracion de
cornetes nasales

Cormetes nasales ventrales

Primer premalar

Corte a la altura del 2°
premolar (comisura
labial)

( ]

Tomado de Enfermedades Infecciosas del Ganado Porcino Prieto, C.; Martinez, F.; Segalés, J.; Carvajal, A. Editorial SERVET, 12 Edicion Junio 2017




Vigilancia epidemiologica en el matadero

Valoracion de distintos lotes de animales de cebo

Valoracion de
cornetes nasales

Fig. 3. Representative photographs of the turbinate conchae of experimental pigs in groups vaccinated with rsPMTs vaccine (B), conventional AR-toxoid
vaccine (C), and unvaccinated (D), at 2-weeks after authentic PMT challenge. The unvaccinated and unchallenged pigs were served as the negative control (A).

C.-M. Liao et al. / Vaccine 24 (2006) 27-35
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