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EFEITO NO GANHO DE PESO DIARIO E IMPACTO ECONOMICO DAS
CONSOLIDACOES PULMONARES CAUSADAS PELO Mycoplasma
hyopneumoniae EM SUINOS DE TERMINACAO

RESUMO - O objetivo deste estudo foi medir o impacto na produtividade e as
consequentes perdas econdmicas relacionadas a lesdes pulmonares causadas
por Mycoplasma hyopneumoniae. Quinhentos suinos de terminacgdo, foram
selecionados e pesados no inicio (75 dias) e no final da fase (180 dias) para
avaliar o ganho médio diario (GPD). Esses animais foram avaliados no abate e
as amostras coletadas para analise laboratorial, para confirmar a presenca de
DNA e/ou anticorpos do Mycoplasma hyopneumoniae. Os pulmdes de cada
suino foram examinados e, com base na gravidade das les6es macroscopicas,
os animais foram classificados em quatro grupos: Grupo 1 - animais sem
lesbes macroscopicas; Grupo 2 - 0,1 - 5% de lesdes; Grupo 3 - 5,1 - 15% de
lesBes; Grupo 4 - >15,1% de lesbes. Quatrocentos e oitenta e seis pulmdes
foram examinados e 68,5% (n=333) apresentaram lesbes pulmonares
macroscopicas. Todos o0s animais com lesdes foram positivos para
Mycoplasma hyopneumoniae no ELISA e no gPCR. Modelos de regressao
linear (proc Glimmix) foram realizados no SAS para estimar o efeito do escore
das les6es macroscoépicas pulmonares no ganho de peso diario dos suinos em
terminacdo. Mdltiplas comparacdes entre os grupos de escores de lesbes
foram realizadas usando p <0,05. Para cada aumento de 1% na area de lesdo
houve uma diminuicdo de 1,8 gramas no ganho de peso diario. Todos 0s
grupos apresentaram ganho de peso diario numericamente menor quando
comparados ao grupo 1 (sem lesdes). O grupo 1 apresentou peso meédio
numericamente maior, mas nao significativo (p=0,2390 e p=0,2442), quando
comparado aos grupos 2 e 3. No entanto, ao comparar 0s grupos 4 e 1, o
altimo apresentou peso significativamente maior (p=0,0076). O grupo 4
também apresentou médias de peso significativamente mais baixas quando
comparado aos grupos 2 e 3 (p=0,0370 e p=0,0673). A correlacdo negativa
encontrada entre o grupo sem lesBes pulmonares e o grupo com mais de
15,1% das lesbes mostrou uma diferenga estatisticamente significante no GPD,
0 que poderia significar uma oportunidade de ganhar até US $ 6,55 por animal
no momento do abate, demonstrando as perdas que a presenca das lesbes
podem provocar no sistema de producao.

Palavras-chave: abate, GPD, perdas econdmicas, pneumonia enzootica,
gPCR



EFFECT ON AVERAGE DAILY GAIN AND ECONOMICAL IMPACT OF
LUNG CONSOLIDATION CAUSED BY Mycoplasma hyopneumoniae IN
FINISHING PIGS

ABSTRACT - The aim of this study was to measure the impact of productivity
and the consequent economical losses related to pulmonary lesions caused
by Mycoplasma hyopneumoniae. Five-hundred finishing pigs, with
approximately 75 days of age, were selected and weighed at the beggining
and at the end of the phase to assess the average daily gain (ADG). These
animals were evaluated at the slaughter, and samples were collected for
laboratorial analysis to confirm presence of Mycoplasma hyopneumoniae DNA
and/or antibodies. The lungs of each pig were examined and based on
severity of macroscopic lung lesions the animals were classified into four
groups: Group 1 — pigs without macroscopic lesions; Group 2 — 0.1-5% of
lesions; Group 3 — 5.1-15% of lesions; Group 4 - >15.1% of lesions. Four-
hundred eighty-six lungs were examined and 68.5% (n=333) had macroscopic
lung lesions. All pigs with lesions were positive to Mycoplasma
hyopneumoniae in ELISA and qPCR. Linear mixed regression models (proc
Glimmix) were performed on SAS to estimate the effect of macroscopic lung
lesion scores on the average daily gain of finishing pigs. Multiple comparisons
between lesion score groups were performed using p<0.05. For each increase
of one percent in the lesion area there was a decrease of 1.8 grams in the
daily weight gain. All the groups had a numerically lower average daily gain
when compared to Group 1 (no lesions). Group 1 had a numerically higher
average weight, but not significant (p=0.2390 and p=0.2442), when compared
to groups 2 and 3. However, when comparing groups 4 and 1, the last
presented a significantly higher weight (p=0.0076). Group 4 also had a
significantly lower weight averages when compared with groups 2 and 3
(p=0.0370 and p=0.0673). The negative correlation found between the group
with no lung lesions and the group with more than 15.1% of lesions, showed a
statistically difference in ADG, which could mean an opportunity to gain up to
$ 6.55 per pig at slaughter.

Keywords: slaughter, ADG, economical losses, enzootic pneumonia, qPCR
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CAPITULO 1 - Consideracdes gerais

1. Introducéo

Mycoplasma hyopneumoniae € uma das bactérias mais prevalentes em
infeccbes respiratérias de suinos (Takeuti et al., 2017), sendo apontada como o
principal agente causador da pneumonia enzodtica suina (PES), enfermidade de
carater crbnico, caracterizada por tosse seca nao produtiva, queda no ganho de
peso diario dos animais, alta morbidade e baixa mortalidade (Vranckx et al., 2012;
Sibila et al., 2009).

As lesdes de pneumonia associadas a infeccdo pelo agente sdo as mais
comumente detectadas em abatedouros de suinos, estimando-se uma prevaléncia
mundial entre 19% a 79% (Fablet et al., 2012). Essas lesdes sao consideradas um
dos mais importantes problemas sanitarios e de bem - estar nas criacfes intensivas
de suinos em todo o mundo (Cobanovic et al., 2016).

Apesar de nao serem patognomonicas de infeccbes por Mycoplasma
hyopneumoniae (M.hyopneumoniae), les6es broncopneumanicas sugestivas de PES
sdo segundo Merialdi et al. (2012), positivamente associadas a rebanhos
soropositivos. Em estudo realizado na Frangca, em que 125 rebanhos e 3731
pulmdes foram analisados, 69,3% das lesdes macroscopicas encontradas estavam
associadas a PES.

A presenca das lesbes, também interfere no desempenho produtivo dos
animais, Regula et al. (2000) observaram que ocorria uma diminuicdo no GPD dos
animais de acordo com a severidade das lesGes pulmonares, sendo que a cada 1%
de aumento de lesbes de consolidacdo, havia uma diminuicdo de 6,8 g/dia de ganho
de peso. Outros autores também relatam uma diminuicdo no peso dos animais
associada a severidade das lesbes, além da diminuicdo na qualidade da carne, em
razdo de alteragbes no pH, na coloracdo e na retencdo de agua (Karabasil et al.,
2017, Henninger et al.,, 2014). Portanto, as lesbes podem provocar perdas

econbmicas para os produtores, pelo aumento com gasto com medicamentos,



controle e prevencdo da doenca, menor peso ao abate, ou maior tempo necessario
para alcancar o peso de abate (Dykhuis et al., 2012).

Sabendo-se que o M. hyopneumoniae € mundialmente disseminado e um
problema recorrente em rebanhos suinos e que lesdes pulmonares sao
responsaveis por diminuicdo do desempenho dos animais com consequente queda
na produtividade, o objetivo do estudo foi mensurar o impacto no GPD e
consequentemente econdmico, das les6es de consolidacdo pulmonar em suinos em
terminacdo, associando a participacdo do agente nas perdas decorrentes dessas

lesdes.



2. Revisao de literatura

Mycoplasma hyopneumoniae (M. hyopneumoniae) € o agente primario
da PES, doenca respiratoria cronica e altamente prevalente em grande parte das
areas produtoras, provocando grandes perdas econdémicas devido ao alto gasto com
medicacfes e a queda no desenvolvimento dos animais. Este agente também é
considerado o agente primario envolvido no complexo de doencas respiratérias dos
suinos e na maioria das vezes esta associado a agentes secundarios, como
Pasteurella multocida, Actinobacillus pleuropneumoniae, Glaserella parasuis
(Thacker, 2012).

Assim como outros micoplasmas, tem um genoma pequeno, ndo pPossSui
parede celular e é pleomoérfico. O genoma pequeno faz com o agente tenha uma
reduzida capacidade codificadora, além da presenca de vias metabdlicas
insuficientes (Siqueira et al., 2014). Essas caracteristicas refletem em um
requerimento nutricional complexo, dificultando o isolamento do microorganismo, por
possuirem um crescimento mais lento que outros micoplasmas suinos (Thacker et
al., 2004).

Até o momento os Unicos hospedeiros considerados susceptiveis ao M.
hyopneumoniae sdo os suinos domésticos e os javalis, sendo que nos suinos a
apresentacao clinica da doenca ocorre principalmente nas fases de crescimento e
terminacédo (Pieters et al., 2019).

A patogenia acontece por meio da aderéncia do agente ao longo epitélio ciliar
do trato respiratério dos animais por meio de adesinas, provocando ciliostase e
consequente perda de cilios. Esses fatores contribuem para que ocorra uma
diminuicdo da eficiéncia mucociliar e imunossupresséao, predispondo os animais as
infeccbes secundarias por outros patégenos (Pieters et al., 2019). As infec¢des por
M. hyopneumoniae sao clinicamente caracterizadas por tosse seca e nao produtiva
intermitente de intensidade variada, podendo permanecer no plantel por semanas ou
meses (Sibila et al.,, 2009). A capacidade de modular a resposta imune do
hospedeiro resulta na ineficiéncia da resposta inflamatéria em eliminar o agente

permitindo a persisténcia da infeccdo por longos periodos. Em animais



experimentalmente infectados, M. hyopneumoniae foi detectado até 214 dias pos-
infecgao (Pieters et al., 2009).

A principal forma de transmissdo é o contato entre animais infectados e

animais susceptiveis, os leitdes ao nascimento sado considerados livres da doenca,
nao havendo evidéncias de transmisséao vertical (Nathues et al., 2013).
Acredita-se que no periodo de lactacdo ocorra grande parte das infec¢ces por parte
de fémeas lactantes infectadas, sendo que a duracdo da lactacdo pode ser
considerado um fator de risco para colonizacdo do M. hyopneumoniae em leitGes
(Pieters et al., 2014). A colonizacdo pés desmame, acontece principalmente nos
sistemas de producdo em multiplos — sitios, em que ocorre a mistura de lotes na
creche juntamente a queda de imunidade dos animais, este tipo de infeccdo é
responsavel pela severidade da doenca na fase de terminacéo (Sibila et al., 2007).

Em condi¢des experimentais, na qual animais soronegativos sao desafiados
com altas doses infectantes de M. hyopneumoniae, a tosse e as lesdes pulmonares
podem surgir entre 7 e 14 dias pés infec¢do (Blanchard et al., 1992 Lorenzo et al.,
2006) atingindo o maximo de severidade e extensdo por volta do 28° dia pos-
infecgao (Villarreal et al., 2011).

Sob condi¢cbes naturais, o periodo de incubacdo da doenca depende de
fatores como o tipo de sistema de producédo, infecgcbes concomitantes, estado
imunoldgico do animal, viruléncia da cepa e pressao de infeccdo. Alguns fatores de
risco sédo considerados importantes na dindmica e gravidade da PES, como o tipo de
alojamento, sistemas de ventilagdo, densidade de animais e clima (Giacomini et al.,
2016, Vranckx et al., 2012). Em granjas clinicamente afetadas, os sinais clinicos e a
soroconversdo ocorrem aproximadamente de 1 a 6 semanas pos infeccdo (Maes et
al., 2018).

As lesdes provocadas pela PES estédo localizadas na regidao cranioventral do
pulméo, principalmente nas extremidades dos lobos apicais, cardiacos,
intermediarios e regido cranioventral dos diafragmaticos. Essas lesdes sao bem
delimitadas do tecido normal, possuem consisténcia de musculo e coloracdo de
purpura a cinza, e sao levemente deprimidas em relacdo as areas de pulmao

normal. Em quadros respiratérios sdo recorrentes associa¢cdes de multiplos agentes



gerando um efeito sinérgico e produzindo lesdes mais severas do que aquelas
causadas por um unico agente (Thacker et al., 2012).

Entre os fatores que contribuem para a severidade das lesdes, estdo a
viruléncia da cepa e a capacidade do agente de modular o sistema imune do agente
(Meyns et al., 2011). Estudos identificaram associa¢cdes significativas entre
anticorpos de mucosa e séricos com a presenca e tamanho de les6es pulmonares
(Fraile et al., 2010, Garcia-Morante et al., 2016), indicando que possivelmente a
reacao inflamatéria e imune do hospedeiro estaria envolvida, ou pelo menos
correlacionada a extensdo e severidade das lesdes pneuménicas. Entretanto, a
patogenia da PES ndo estd completamente clara, e o verdadeiro peso de cada um
dos fatores na formacdo de lesdo ainda € incerto e dificulta o controle da
enfermidade em rebanhos suinos (Maes et al., 2018).

Microscopicamente, as principais lesdes associadas a presenca do M.
hyopneumoniae no pulméo sdo broncopneumonia catarral caracterizada por grande
infiltracdo de neutrdfilos, linfécitos e macrofagos no lumen e hiperplasia de BALTs
(Hillen et al., 2014). A hiperplasia de BALT é classicamente associada a infeccdo por
M. hyopneumoniae, pelo fato de que o agente possui acdo mitogénica em alguns
tipos de linfécitos de suino, resultando na hiperplasia (Lopez, 2013). Casalmiglia et
al. (2000) mostrou associacdo entre lesBes histopatolégicas em pulmédo e a
presenca do M. hyopneumoniae no tecido, até mesmo quando as lesGes ainda néo
eram caracteristicas da infeccao.

O padréo ouro para a deteccédo e diagnostico do organismo € a cultura, mas
seu isolamento é dificil devido ao seu crescimento demorado (Thacker, 2004),
podendo ser facilmente inibido pela presenca de outros micoplasmas suinos que
crescem em maior velocidade (Kobisch e Friis, 1996; Thacker, 2012). Isso faz com
que o isolamento seja raramente utilizado como diagnostico, devido a grande
possibilidade de resultados falso-negativos. A deteccao de M. hyopneumoniae nos
pulmdes por anticorpo fluorescente ou imunohistoquimica sdo métodos comumente
utilizados em laboratérios de diagndstico veterinario, por serem rapidos e baratos,
porém podem gerar ambiguidade de resultados, uma vez que o M. hyopneumoniae
compartilha determinantes antigénicos com outros micoplasmas como o M. hyorhinis

e M. flocculare. O desenvolvimento de analises por meio da reacdo em cadeia da



polimerase (PCR) propiciou um método mais sensivel e especifico para a
confirmacédo da presenca de M. hyopneumoniae, sendo cada vez mais utilizado no
diagnostico (Kobisch e Friis, 1996). Testes baseados em reacfes antigeno-anticorpo
(ELISA) também estdo disponiveis ho mercado, com estudos que demonstram sua
alta especificidade em detectar soros negativos para anticorpos, resultando em uma
baixa taxa de resultados falso-positivos (Thacker, 2004).

A avaliacdo post mortem das lesdes macroscopicas € uma das principais
formas de se detectar suspeitas de animais infectados, bem como € uma das Unicas
formas de se avaliar a intensidade e severidade da infeccdo tanto
experimentalmente como a campo (Garcia-Morante et al., 2016),

As lesBes pulmonares sado frequentemente associadas a quedas na
produvitidade e na qualidade das carcacas (Teixeira et al., 2016, Permentier et al.,
2015, Harley et al.,, 2012). Suinos sob estresse inflamatério como no caso da
infeccdo de M. hyopneumoniae, tem devido a acdo de citocinas, interleucinas (IL) -
1B, IL-6 e fator de necrose tumoral (TNF), reducao da ingestédo de alimentos, inibicéo
da absorcao de nutrientes e um aumento da taxa metabdlica (Rodriguez et al., 2016,
Escobar et al., 2004). Essas alteragcées provocam uma reducéo de peso corporal, e
uma menor qualidade nas carcacas (Cobanovic et al., 2016).

A presenca desta doenca na fase de terminacdo prejudica a expressao do
potencial genético maximo de sintese muscular e de gordura dos animais, que
deixam de utilizar parte dos nutrientes disponiveis para o desenvolvimento, em
areas que naquele momento necessitam de maior atencao (Soltésova et al., 2015).

Donké et al. (2005), afirmam que a presenca de lesGes respiratérias
aumentou a conversdo alimentar dos animais em terminacao, reduzindo de forma
significativa o ganho de peso diario (GPD). E relatado que a presenca dessas lesdes
caracteristicas de pneumonia pode reduzir até 7% a taxa de crescimento de animais
avaliados no abate, e 20% em animais com lesbes caracteristicas de pleurisia
(Pagot et al., 2007).

Portanto, o aumento dos valores em escores de pneumonia resultam em
animais com menor peso vivo, podendo provocar efeitos negativos na qualidade da
carne suina por levar a alteracdes nos valores de pH, na capacidade de retencéo de

agua, coloracao, perda na qualidade de cocc¢do e alteracdo de sabor (Dailidaviciené



et al., 2009; Karabasil et al, 2017). Permentier et al. (2015) afirmam que a presenca
de lesdes pulmonares pode levar & uma maior predisposicdo a PSE (pélido, mole,
exsudativo) devido as alteracdes nos valores de pH de carcacas. Portanto, faz-se
necessaria uma investigacdo que possa esclarecer e quantificar o verdadeiro
impacto do M. hyopneumoniae na produtividade dos suinos, devido ao fato de este

agente estar associado a lesdo pulmonar mais prevalente encontrada ao abate.
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Abstract

This study aimed to measure the impact of productivity and the consequent economic
losses related to lung lesions caused by M. hyopneumoniae. Five-hundred 75 days-old pigs
were selected and weighed at the beginning and at the end of the finishing phase to assess the
average daily gain (ADG). These animals were evaluated at the slaughter, and samples were
collected for laboratory analysis to confirm the presence of M. hyopneumoniae DNA. The
lungs of each pig were examined and classified into groups based on the extension of
macroscopic lung lesions. Four-hundred eighty-six lungs were examined and 68.5% (n=333)
had macroscopic lung lesions. All pigs with lesions were positive for M. hyopneumoniae in
gPCR. Linear mixed regression models (proc Glimmix) were performed on SAS to estimate
the effect of macroscopic lung lesion scores on the ADG of finishing pigs. All pairwise
comparisons among lesion score groups were performed using p<0.05. For each increase of
one percent in the lesion area, there was a decrease of 1.8 grams in the daily weight gain. All
the groups had a numerically lower ADG when compared to Group 1 (no lesions). The
economic analysis was performed by simulation on Excel to estimate and compare the
financial performance of the different lung lesion score groups. The negative correlation
found between the group with no lung lesions and the group with more than 15.1% of lesions,
showed a statistical difference in ADG, which could mean an opportunity to gain up to $ 6.55
per pig at slaughter. The presence of lesions causes the animals to decrease their productive

potential, causing financial loss and generating impacts on the production system.

Keywords: ADG, enzootic pneumonia, financial losses, qPCR, slaughter.
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Introduction

Swine respiratory diseases cause a considerable production and economic impact in
the swine industry due to decreased feed efficiency and growth rate, high morbidity, and

mortality, increased cost of medications, and lower carcass quality (Szeredi et al., 2015).

Mycoplasma hyopneumoniae (M. hyopneumoniae) is the etiological pathogen of
enzootic pneumonia (EP), which is a chronic respiratory disease of pigs and highly distributed
across most swine producing countries (Maes et al., 2018). The condition causes significant
financial losses by increasing medication costs and reducing growth performance. Also is one
of the main players in the porcine respiratory complex disease (Takeuti et al., 2017) and
frequently associated with secondary pathogens, such as Pasteurella multocida,

Actinobacillus pleuropneumoniae, Glasserella parasuis (Thacker et al., 2012).

Enzootic pneumonic lesions mostly occur at the cranioventral lung areas, mainly
bilaterally in the apical, cardiac, and intermediate lobes and sometimes in the anterior parts of
the diaphragmatic lobes (Garcia-Morante et al., 2016). The lesions are demarcated from
healthy tissue, and consist of purple and grey areas of pulmonary consolidations with a

moderately firm consistency (Tamiozzo et al., 2011).

Swine affected by enzootic pneumonia eat less than necessary for its maintenance
and development. The lack of nutrients leads to the incapacity to express its maximum
genetic potential for muscle synthesis and fat accumulation as they have areas of highest
demand. (Karabasil et al., 2017). Such metabolic alterations reduce live weight and decrease

carcass quality (Cobanovi¢ et al., 2016).
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Studies conducted in Brazil in the decade of the 80’s (Piffer et al., 1985) indicated that
pigs that presented more than 10% of lung consolidations at slaughter had a reduction of 9.3%
in their growth. Donko et al. (2005) also claimed that respiratory lesions increased feed
conversion ratio of finishing pigs, reducing the average daily gain (ADG) significantly. These

lesions can reduce up to 7% the growth rate of slaughter animals (Pagot et al., 2007).

Therefore, increased values in pneumonia scores result in animals with lower live
weight at slaughter time and may cause negative effects on the pork quality by leading to
changes in pH values, water holding capacities, color, flavor, and cooking quality loss
(Dailidaviciené et al., 2009). Permentier et al. (2015) showed that the presence of lung
lesions is a potential risk factor for obtaining PSE meat (pale, soft, exudative) due to the
alterations in its pH values. This study aimed to measure the economical and productive
impact of lung consolidation lesions on finishing pig, associating the participation of the

agent in the losses arising from these lesions.

Materials and Methods

Animals, housing and experimental design

This prospective field study was conducted on a farm with 9000 finishing pigs, located
in Minas Gerais - Brazil, between December 2018 and March 2019. The pigs came from
different sow farms with all-in/all-out system, positive for M. hyopneumoniae, who had no
relevant health problems. The animals were vaccinated at the farrowing farms at 21 days of

age with a bivalent vaccine against M. hyopneumoniae and Circovirus (PCV-2), Porcilis®
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PCV M HYO from MSD Animal Health. The animals were maintained in collective pens
with about 100 pigs per pen and had free access to water and feed ad libitum. Two hundred
and fifty males and females were conveniently selected from the same batch at the beginning
of the finishing phase at 75 days of age. The pigs were identified with ear tags and weighed to
assess the finishing ADG. This study was approved by the Ethics Committee on the Use of
Animals (Protocol 005168/18) from the School of Agricultural and Veterinarian Sciences,

Sdo Paulo State University (Unesp).

Weighing and assessment of finishing average daily gain (ADG)

The animals were weighed at the beginning of the finishing phase, at 75 days of age
(d0), and a week before the slaughter (d105). From the weight data, it was possible to assess
the ADG of each individual throughout the period. The ADG was calculated based on this

equation:

ADG = d105 —do
" Days on finishing phase

Sampling procedures

The samples were collected at the slaughterhouse located in the state of Minas Gerais
(southeast region of Brazil). Macroscopic lung lesions were assessed as described below, and
lung fragments with lesions were taken from each animal for quantitative PCR (gPCR) and
histopathology. Thus, the objective of testing by gPCR those lungs showing consolidation

was to confirm the contribution of M. hyopneumoniae in the formation of such lesions. The
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lung samples for gPCR testing were stored in RNAse and DNAse-free microtube (Corning,
EUA) at -80°C until processing. The lung tissues for histopathology were stored in buffered

formalin 10%. Trained veterinaries collected all the samples.

Macroscopic lung lesions evaluation

The lungs of all the pigs were evaluated for macroscopically visible lesions with the
App Ceva LungProgram® (Ceva Animal Health, France), by one trained veterinarian to avoid
individual variations. The App is based on two methods, the first one, each lobe was scored
from O to 4 for pulmonary consolidations according to the method described by Madec &
Kobisch (1982), according to the affection of the lobe (%) (Table 1). Moreover, the score
found was corrected by the App according to the method established by Christensen et al.
(1999) which the percentage of each lobe affected area is multiplied by the relative lobe
weight. Since each lobe does not represent an equal part of the total volume of the lung, the
following relative percentages are assigned (Christensen, 1999). Contribution of each lobe at
total lung volume: Right apical lobe = 11%, right cardiac lobe = 10%, right diaphragmatic
lobe = 34%, left apical lobe = 5%, left cardiac lobe = 6%, left diaphragmatic lobe = 29%,
intermediate lobe = 5%. Based on the extension of macroscopic lung lesions, the animals
were classified into four groups: Group 1 — pigs without macroscopic lesions; Group 2 — 0.1-

5% of lesions; Group 3 — 5.1-15% of lesions; Group 4 - >15,1% of lesions.
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DNA extraction and conventional PCR for the mammals-gapdh gene

For DNA extraction of lung samples that had macroscopic lesions, an in house
extraction protocol was used as described by (Kuramae-lIzioka, 1997) using 0.2g of lung
fragment. Also, ultrapure water (Promega, EUA) was used as negative control. After the
extraction, the purity and quantity of the extracted material were measured in a
spectrophotometer Nanodrop® (Thermo Fisher, EUA), and the samples that were in
standard, were stored at -20°C until forwarded to the gqPCR. To accurately assess the quality
of the sample, 260/280 or 260/230 should be analyzed; pure nucleic acids usually produce a
ratio of 260/280 = 1.8 and a ratio of 260/280 of = 2.0.

To avoid the presence of inhibitors and false-negative results on the gPCR, the
extracted DNA samples were submitted to a cPCR using the gapdh-F primer (5'-
CCTTCATTGACCTCAACTACAT-3) and gapdh-R (5-
CCAAAGTTGTCATGGATGACCS'), which flank a fragment of the mammals-gapdh gene
(Birkenheuer et al., 2003). After the reaction, the product was subjected to horizontal
electrophoresis on 1% agarose gels stained with Ethidium Bromide (Life Technologies™,
USA) in TEB pH 8.0 running buffer at a current of 90V/50mA for 40 min. Then, the gel was

visualized using an ultraviolet light transilluminator (Chemi-Doc, Bio-Rad®).

Detection and quantification of M. hyopneumoniae DNA by qPCR

The gPCR assay was adapted from the protocol published by Fourour et al. (2018).
Primers and the hydrolysis probe used in the reaction target the multicopy gene of the p102

adhesion protein of M. hyopneumoniae (GenBank: AE017332.1). The nucleotide sequences of
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the initiators were tested using Blast tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and did not
show homology with other swine pathogens genetic material. The nucleotide sequences of the

sense and antisense initiators and the hydrolysis probe (Fourour et al., 2018), are listed below:

Sense primer: 5’-TAAGGGTCAAAGTCAAAGTC-3’
Anti-sense primer: 5’- AAATTAAAAGCTGTTCAAATGC-3’

Hydrolysis probe 5°- FAM-AACCAGTTTCCACTTCATCGCC-§8BHQ2-3°

The reaction was composed of 1X of Master mix Go tag® (Promega, Madison,
EUA), 0.5 uM of each primer (Invitrogen, EUA), 0.3uM hydrolysis probe (IDT, lowa City-
EUA), ultrapure water g.s. and 1 pL of DNA template per sample totaling 10 puL of reaction.
The gPCR was performed on CFX-96 Thermal Cycler (Biorad - EUA) under the following
conditions: an initial denaturation cycle at 95°C for 3 minutes, followed by 39 cycles of
95°C for 15 seconds and extension at 55.7 °C for 1 minute. The samples were tested in
duplicate, and to the validation of the results, the difference between the copies Cqgs should

be lower than 0.5 cycles.

Absolute quantification

Quantification was performed using serial 10-fold dilutions (starting at 10" until 10
copies’ uL) of synthetic DNA (GBlock®, IDT, lowa City, IA, USA) containing the 150 bp
fragment amplified by the primer pair used in the gPCR. The fragment was diluted

according to the manufacturer’s instructions until the starting concentration of 10’
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copies’ul. Quantification data based on the standard curve generated was only validated if

the reaction efficiency was between 90 % and 105 % (Bustin et al., 2009).

Histopathology

The fragments were collected in the areas between lesions and healthy lobes, and the
location of the lesions varied among the animals. The tissue slides were stained with
hematoxylin and eosin (HE) and the histopathological lesions were graded from 0 to 4: 0 =
no lesions; 1 = interstitial pneumonia or purulent bronchopneumonia; 2 = light to moderate
infiltrates neutrophils, lymphocytes, and macrophages into alveoli and airways; 3 =
perivascular or peribronchiolar lymphoplasmacytic hyperplasia, type 1l pneumocyte
hyperplasia and presence of edema in the alveoli and 4 = the same lesions of 3 plus the
presence of perivascular and peribronchiolar lymphoid nodes. Lesions 1 and 2 are not
specific, while lesions 3 and 4 are considered specific for enzootic pneumonia (Casalmiglia

et al., 2000).

Data analysis

Statistical analysis was done using individual pigs as the experimental units. A
regression model (proc GLM) was performed on SAS (Statistical Analysis System) to
estimate the linear relationship between macroscopic lung lesion scores, measured at the

slaughterhouse, and the ADG of pigs during the finishing phase. A regression coefficient
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representing the mean change in ADG associated with one unit increase in macroscopic
lung lesion scores was reported. Additionally, animals were classified into four groups,
based on the extension of macroscopic lung lesions at the slaughterhouse: Group 1 — pigs
without macroscopic lesions; Group 2 — 0.1-5% of lesions; Group 3 — 5.1-15% of lesions;
Group 4 - >15.1% of lesions. A linear mixed regression model (proc Glimmix) was
performed on SAS to estimate and compare the ADG associated with each group. All
multiple pairwise comparisons, as well as 95% confidence intervals between lesion score
groups, were performed. Dunn's Test was used to estimate the association between SQs

(copies/uL) and lung lesions score.

Economical analysis

The economic analysis was performed on Excel to estimate and compare the financial
performance of the different lung lesion score groups. The financial profit of each lung lesion
score group was based on productivity parameters of study units and calculated by the

difference of the revenue and the variable cost of each group.

The following productivity parameters were collected for each lung lesion score
group: average days on feed (days/group), finishing mortality (% of dead pigs), finishing
ADG (kg/day), average weight at the beginning of the finishing (kg/pig). The revenue was
calculated by the market pig price ($/kg), the annual income from pig ($/pig sold), annual
revenue from pigs ($/group), for a group of 1000 animals. Variable cost was calculated by the
price of weaned pigs ($/pig placed), price of diet ($/kg of feed), animal health vaccine costs

($/pig placed), animal health antimicrobial costs and labor and farm management ($/pig
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placed), for a group of 1000 animals. The economic profit difference among all lung lesion

score groups was reported.

Results

From the 500 selected animals, fourteen were excluded from the study due to their
deaths or loss their identification earrings and problems during sample collection at the
slaughterhouse, which were mainly related to the processing speed of slaughter. Therefore,
only 486 pigs were included in the ADG and macroscopic lesions analysis. For the laboratory
analysis by PCR real-time, and histopathology, only samples from animals with any
macroscopic lung lesions (n=333) were used. Laboratory analysis was done to confirm M.

hyopneumoniae presence in the pulmonary lesions observed.

Macroscopic lung lesions scoring

Only 31.5% of the 486 lungs examined had no macroscopic lung lesions, while
68.5% (1C95%: 63.97%-72.23%) or 333 animals, presented areas affected by pulmonary
consolidation at slaughter. The mean value found was 3,84% of affected lung, and the

highest value was 27,9% of affected lung. Classification results are shown in Table 2.

Linear association between macroscopic lesions and average daily gain (ADG)
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The regression showed a negative linear association between the ADG and
macroscopic lesions scores. The regression coefficient reported was -0.00189, which means
that for each increase of one percent in the lesion area, there was a decrease of 1.8 grams in

the daily weight gain.

Average Daily Gain (ADG)

All the groups had a numerically lower ADG when compared to group 1 (no
lesions). Group 1 had a numerically higher average weight, but not significant (p=0.2390
and p=0.2442) when compared to groups 2 and 3. However, when comparing groups 4 and
1, group 1 presented a significantly higher weight (p=0.0076). Group 4 also had a
considerably lower weight average when compared with groups 2 and 3 (p=0.0370 and
p=0.0673). The statically significant differences in ADG between animals showing different

lung lesions scores are shown in Figure 1.

Detection/Quantification of M. hyopneumoniae by gPCR

From the 333 tested lung samples (with macroscopic lesions), 100% were positive
by gPCR for the fragment of the p102 gene. The averages of starting quantification values
(SQ) are detailed in Table 2. No statistically significant difference was found (P>0.05)

between SQs (copies/uL) and lung lesions score, using Dunn's Test.
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Histopathology

Microscopic findings revealed suggestive lesions of M. hyopneumoniae on most
animals. From the 333 animals included in this analysis, 129 (38.73%) were graded 3 e 116
(34.83%) were grade 4, both grades classified as consistent with enzootic pneumonia
lesions. While 57 animals (17.11%) were grade 2, 29 (8.7%) were grade 1, and only 2

animals showed no lesions.

Economical analysis

From the association found between ADG and lung lesions score, it was possible to
calculate the economic losses that these animals had at slaughter as a result of the disease.
This descriptive analysis was made by the simulation method, using productivity
parameters, variable costs, and revenue. Some values were the same to all groups of
animals, since they were from the same barn, as average days on feed (105 days), finishing
mortality (3.5%), and variable costs. Other productivity parameters (finishing ADG/group
(kg/day), average weight at the beginning of the finishing/group (kg/pig) were also included
in the analysis (Table 2). The variable costs considered in this analysis were the price of
weaned pigs ($11.33/pig), the price of diet ($0.20/kg), animal health vaccine costs
($0.81/pig), animal health antimicrobial costs and labor and farm management ($2.39/pig).
The market pig price considered (U$1.24), was according to what was established in
October 2019 in Minas Gerais state (Cepea/Usp — 2019). The total variable costs, the

revenue, and the economic profit difference among groups are presented in Table 3.
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Regarding the economic profit, the comparison between animals with more than 15% of
lesions (group 4) and animals without lung lesions (group 1), was the one that showed the

highest difference.

Discussion

This study focused on assessing the financial losses caused by lung lesions in animals
with M. hyopneumoniae infection in a finishing herd. The mean prevalence of consolidation
lesions was 68% (1C95%: 63.97%-72.23%). Accordingly, previous studies in Brazil showed
72.4% and 80.3% of macroscopic lung lesions prevalence at the slaughterhouse (Baraldi et al.,

2019; Galdeano et al., 2019).

The presence of M. hyopneumoniae was detected in lung fragments of all animals
evaluated by gPCR, as well as compatible gross and microscopic lung lesions of the sampled
animals (except for two animals that did not show microscopic lesions). The pathological
process of the lung lesions formation is not clear and different factors can affect it, such as the
strain characteristics and immune responses of the animal (Hillen et al., 2014; Meyns et al.,
2007). Co-infection with other swine respiratory pathogens such as Swine influenza virus
(SIV), Actinobacillus pleuropneumoniae and Porcine Circovirus- 2 (PCV2), or even
subsequent infections with different strains, were also shown to increase macroscopic lung

lesions (Villarreal et al., 2009, Fablet et al., 2012, Fourour et al., 2018).

Thus, lung lesions are often associated with declines on productivity (Teixeira et al.,
2016; Permentier et al., 2015; Harley et al., 2012). Pigs under inflammatory stress as in the
case of M. hyopneumoniae infection, decrease the feed intake due to the action of cytokines,

interleukins (IL) -1pB, IL-6, and Tumor Necrosis Factor- a. (TNF- o), macro and micronutrient
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deficiencies may also occur, exacerbating the initial disease and predisposing the animals to
secondary infections (Rodriguez et al., 2016; Escobar et al., 2004; Almeida et al., 2020).
These metabolic factors contribute to reduced growth rate, feed conversion efficiency, and
quality in carcasses (Cobanovic’ et al., 2015; Stukelj et al., 2015; Szeredi et al., 2015; Donko

et al., 2005).

This study reported that for each increase of one percent in the lesion area, there was a
decrease of 1.8 g in the ADG, meaning that an animal with 10% of lung lesions, decreased 18
grams in the ADG throughout the finishing phase, similar with Pagot et al. (2007) that
showed for each increase of 1% in the lesion area, there was a decrease of 0.7% in the weight.
Moreover, regarding degrees of lung lesion extension, it was observed that group 4, composed
by animals that presented more than 15% of lung affection, had a lower ADG when compared
to all other groups. Other authors reported a decrease in the animal weight associated with the

severity of lung consolidation lesions (Karabasil et al., 2017; Henninger et al., 2014).

Karabasil et al. (2017) evaluated the animals in three groups according to the level of
the lesions: no lesions, mild lesions and moderate to severe pneumonia, showed that the
average weight at slaughter was 118 kg, 115.10 kg and 112.50 kg, demonstrating a significant
difference between groups. Divergent results were found in which no consistent impacts of
development in animals associated with increased pulmonary lesions were shown (Escobar et
al., 2002). However, these authors evaluated animals an experimental infection with M.
hyopneumoniae, which may have resulted from the absence of other pathogens in the lesions
formation, that generally co-exist with M. hyopneumoniae under commercial conditions, and

is known the synergism with others pathogens in the formation of the lesions.
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Vaccination is one of the most used practices under filed conditions aiming to reduce
deleterious effects of lung lesions in the productive results, and different commercial M.
hyopneumoniae vaccines are available (Maes et al., 2018).
In this study, the animals were vaccinated, which proves that vaccines do not prevent
infection and the pathogen transmission, as previously suggested by other studies (Arsenakis
et al., 2018). Thus, commercial vaccines are effective in reducing clinical signs but
demonstrate only partial protection against the lesion development (Haesebrouck et al., 2004),

which is the main factor involved in ADG losses.

Regula et al. (2000), after analyzing animals from a vaccinated property, found a
decline of 6.8g/day for each 1% in the lesion area. Different results can occur mainly due to
the age of infection and measurement of ADG since older animals on the finishing phase have
less weight variation than younger animals and may have less significant associations with

lung lesions.

Another point is the age of infection, because apparently, those who develop
pneumonia in a later stage, spend part of their lives without the disease, and therefore have a
better performance than the animals infected at an earlier age, even though they still have
active lesions at the slaughter (Morris et al., 1995). Meanwhile, the youngest infected animals,

at the developmental stage, may have the most compromised growth (Sitjar et al., 1996).

Even though enzootic pneumonia is a recurring problem in pig farms, few studies
show the real economic and productive impacts of the disease. It is also known that the
presence of lesions causes the animals to decrease their productive potential, resulting in
financial loss, which has implications on the production system (Brewster et al., 2017;

Dykhuis et al., 2012). The economical descriptive analysis showed that the participation of M.
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hyopneumoniae in the formation of lung consolidation lesions could cause economic losses of

$ 6.55 in animals with more than 15% of lung lesions.

Dykhuis et al. (2012), analyzing the association between M. hyopneumoniae, PRRS,
and swine influenza virus in American swine herds, confirmed that the most tremendous
economic and productive losses occurred in the presence of the causative agent of swine
enzootic pneumonia. These authors found an increase in the cost of growing and finishing
animals from $ 9.69 to $ 10.12 per head while M. hyopneumoniae was associated with swine
influenza virus (SIV). Similarly, Gillespie (2013), attributed a loss of $ 7.92 in a herd free

from the agent, after having an outbreak of M. hyopneumoniae.

Eradication programs have evolved and adapted to current production systems, herd
closure and medication consisting of stopped replacement entry and antibiotic treatment, and
whole herd medication, using antibiotics without herd closure, are the most commonly used
methods for M. hyopneumoniae eradication (Pieters et al., 2019, Holst et al., 2015). This
alternative can bring economic benefits by lowering the costs of medication and vaccination
and improving the performance of pigs in daily weight gain, feed conversion, and mortality.
Certainly, the longer the herd remains negative, the greater the financial advantage on

downstream performance (Silva et al., 2019).

Conclusions

Under the study's condition, lung consolidation lesions were negatively correlated with
ADG, considering that for each increase of 1% in the lesion area, there was a decrease of 1.8

grams. Animals in the most affected group, with more than 15% of lesions, when compared to
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group 1, animals with no lesions, can be more profitable to the farmer, being worth an
additional $ 6.55 per pig. This study also highlighted that depending on the presence and
severity of lung lesions, the economic profit is significantly downgraded, resulting in

economic losses to the production system.
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Table 1. Score and extension of pulmonary consolidation lesions in each pulmonary lobe.

Scores Extension of lobe lung lesions (% of affected lung area)
(Madec & Kobisch, 1982)
0 Lobe without lesions
1 <25% of affected lung area
2 26 a 50% of affected lung area
3 51 a 75% of affected lung area
4 >76% of affected lung area

Table 2. Results of macroscopic lung lesions, qPCR and productive parameters.

Average
References ) )
_ Pigs Average weight at the Average SQ
Groups of values in % o
) per of ADG beginning of values
lesions of lung o ]
o group (kg/day) the finishing (copies/uL.)
consolidations )
(kg/pig)
1 0% 153 0.912 51.702
2 0,1 -5% 207 0.899 51.725 2.1x10°
3 5,1 - 15% 96 0.898 51.516 2.4 x10°
4 > 15,1% 30 0.860 51.686 1.8 x 10°

SQ: starting quantification value (copies/uL)



Table 3. Results of the economical analysis based on revenue, total variable costs and

productivity parameters.

Total ) )
] Economic Difference
Groups of Revenue variable ) )
] profit from baseline
lesions ($/group) costs
($/group) ($/group)
($/group)

1 176.451 14.530 161.921 Baseline*
2 174.817 14.530 160.287 1.633
3 174,572 14.530 160.042 1.879
4 169.893 14.530 155.363 6.557

*The baseline is the Group 1, animals without lesions.
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Figure 1. ADG obtained by group according to lung lesion area and respective 95%

confidence interval.
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