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Abstract 
 

 

 

 

 

Dr. med. vet. Heiko Nathues 

 

Influence of Mycoplasma hyopneumoniae strain variation, environmental 

factors and co-infections on Enzootic Pneumonia in pigs 

 

Mycoplasma hyopneumoniae is the etiologic agent of porcine enzootic pneumonia 

and is widespread all over the world leading to endemic infections in regions of 

intensive pig production. The disease is characterized by a significant economic 

impact and the current measures of control (vaccination, antimicrobial treatment) can 

only reduce the clinical symptoms, but cannot prevent the occurrence of the disease 

itself. Enzootic pneumonia is accepted being a multifactorial disease, where risk 

factors are primarily comprised by deficiencies in management and housing of pigs. 

In the past, identification and estimation of potential risks were mainly based on 

single and empirical observations, which were often assessed with a small number of 

study subjects. The need of further research is constituted by significant structural 

developments in the pig production (herd size, spatial separation of production units, 

pig flow), which work on the spread and the transmission of this pathogen. Today, 

the improvements of diagnostic methods for the detection of M. hyopneumoniae 

enable a more thorough assessment of the dynamic of infections within pig herds. 

Noteworthy, the potency of the occurrence of M. hyopneumoniae strains with 
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different virulence (genetic and phenotypic variability) in pig herds yet has not been 

considered in field studies. 

The aim of the present thesis was to comprehensively investigate the influence of 

M. hyopneumoniae strain variation, various environmental and management factors, 

as well as the relevance of selected coinfections in pig herds within one project. The 

overall significance of these factors on clinical manifestation of enzootic pneumonia 

should be estimated. 

 

In the first part of this project the focus was on the characterization of different strains 

of M. hyopneumoniae. Therefore, a method was established enabling an easy and 

rapid identification of porcine mycoplasma species, which were isolated by cultural 

technique. M. hyopneumoniae, M. hyorhinis, M. hyosynoviae, M. hyopharyngis and 

M. flocculare were differentiated according to the unique size of their individual 

amplification products obtained when using 16S-23S-rDNA intergenic spacer region 

specific PCR. Subsequently, 52 strains of M. hyopneumoniae were isolated and 

identified from samples of 45 pigs. These pigs originated from 21 herds with or 

without symptoms of respiratory disease in fattening pigs. In seven cases, 

M. hyopneumoniae was isolated from both bronchoalveolar lavage fluid and lung 

tissue of the same pig. Random amplified polymorphic DNA (RAPD) and variable 

number of tandem repeats (VNTR) analyses were performed in order to determine 

the genotype of these strains. Consistent results, which were revealed in both 

methods, indicated genotypic variability among strains of M. hyopneumoniae isolated 

from different herds, but also among strains from the same herd. In two pigs, an 

infection with at least two different strains of M. hyopneumoniae could be confirmed. 

Conclusions drawn on the outcome of the first part of this thesis include the 

statement that applied molecular typing methods are of little value, when 

identification of potential virulence factors is aimed in material from endemic infected 

pig herds, because circulation of different strains in corresponding herds has to be 

considered. 
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In the second part of this project, the diagnostic value of thorough clinical 

examination including the quantification of clinical symptoms for the purpose of 

diagnosing enzootic pneumonia in fattening pigs was evaluated. In fattening pigs, dry 

and non-productive cough is a typical symptom of infection with M. hyopneumoniae. 

The merit of clinical examination usually was rated low compared to the assessment 

of typical lung lesions and the direct or indirect detection of M. hyopneumoniae. The 

objective of the own study was to evaluate a quantitative measurement of the clinical 

symptom “coughing” in fattening pigs of herds endemically infected with 

M. hyopneumoniae and to examine the association between these findings and 

results from direct and indirect detection of the pathogen (PCR and ELISA). The 

direct detection of M. hyopneumoniae in BALF and the coughing index, which 

describes the number of onsets of coughing per 100 pigs and minute in a 

compartment, were statistically significantly associated. Moreover, a significant 

association was observed between the coughing index and the detection of 

antibodies specific for M. hyopneumoniae. It was demonstrated that a coughing index 

≥2.5% combined with a seroprevalence of M. hyopneumoniae ≥0.5 is a strong 

indicator of enzootic pneumonia. In contrast to this, enzootic pneumonia is very 

unlikely, when the coughing index is <2.5% and simultaneously seroprevalence is 

<0.5. The results of this study served as basis for allocating herds in different groups 

of the case-control-study, which was conducted in part three of this project. 

 

In order to examine the influence of environmental factors, management and 

coinfections on the occurrence of enzootic pneumonia a case-control-study was 

performed. Overall, 112 pig herds located either in Lower-Saxony or in North-Rhine 

Westphalia were epidemiologically characterized utilizing a standardised 

questionnaire and were clinically examined. Moreover, seroprevalence of 

M. hyopneumoniae was assessed in each herd by testing serum samples from 20 

randomly selected fattening pigs with a commercial ELISA. The sera were also tested 

for antibodies against swine influenza virus (SIV) H1N1 and H3N2, as well as porcine 

reproductive and respiratory syndrome virus (PRRSV). According to their coughing 

index in fattening pigs and their seroprevalence of M. hyopneumoniae, herds were 
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allocated to the group „case‟ (n=40; coughing index ≥2.5%; seroprevalence ≥0.5), 

„control I‟ (n=25; coughing index <2.5%; seroprevalence <0.5) or „control II‟ (coughing 

index <2.5%; seroprevalence ≥0.5). Herds showing a high coughing index but low 

prevalence to M. hyopneumoniae were excluded from further analysis, since any 

other respiratory disease than enzootic pneumonia is more likely. Univariate and 

multivariate regression analyses were applied to data from management, animals‟ 

environment and laboratory testing for coinfections. In these analyses and in the final 

models the herd size was considered as a continuous risk factor. Beside known risk 

factors for enzootic pneumonia, like strict all-in/all-out policy, several additional 

factors were identified. An increase of piglets‟ age at weaning increased the risk for 

enzootic pneumonia in fattening pigs of the same herd. Similar, the administration of 

a one-shot vaccine against M. hyopneumoniae within the first two weeks of piglets´ 

life enhanced the risk of following disease. To the best knowledge of the author, this 

is the first study reporting that high reproductive performance in the sow herd is 

associated with a lower risk of enzootic pneumonia in fattening pigs. In summary, 

efficient separation of production units and pigs of different age, adequate 

acclimations of purchased gilts and replacement boars, appropriate vaccination 

concepts and housing of small numbers of fattening pigs per pen in a well-ventilated 

environment are the most important prerequisites in order to reduce the transmission 

M. hyopneumoniae and the risk of outbreaks of enzootic pneumonia. 
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Dr. med. vet. Heiko Nathues 

 

Einfluss der Stammvariation von Mycoplasma hyopneumoniae, der 

Umgebungsfaktoren und Koinfektionen auf die Enzootische Pneumonie beim 

Schwein 

 

Mycoplasma hyopneumoniae ist der Erreger der Enzootischen Pneumonie (EP) und 

weltweit endemisch in Regionen mit intensiver Schweinehaltung verbreitet. Die 

Erkrankung verursacht erhebliche ökonomische Schäden und kann mit den derzeit 

üblichen Bekämpfungsmaßnahmen (Impfung, Antibiotika) nicht verhindert, sondern 

lediglich in ihrer Ausprägung reduziert werden. Die Enzootische Pneumonie gilt als 

Faktorenkrankheit, wobei besonders Defizite hinsichtlich Haltung und Management 

der Schweineherde als Risiken angesehen werden. Die Benennung und Bewertung  

verschiedener Risikofaktoren erfolgte bislang anhand von Einzelbetrachtungen auf 

Basis älterer empirischer Untersuchungen kleiner Stichproben. Die Notwendigkeit 

weiterer Untersuchungen ergibt aus tiefgreifenden Strukturänderungen in der 

Schweinehaltung (Herdengröße, räumliche Trennung von Produktionseinheiten, pig 

flow) die einen maßgeblichen Einfluss auf die Erregerausbreitung haben. Die 

Weiterentwicklung neuerer Methoden zum Nachweis von M. hyopneumoniae erlaubt 

zudem eine differenziertere Beschreibung der Ausbreitung der Infektion in 

Schweineherden. Insbesondere das mögliche Vorkommen unterschiedlich virulenter 
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Erregerstämme (genotypische und phänotypische Erregervariation) wurde bis heute 

in Feldstudien nicht berücksichtigt.  

Die Bearbeitung dieser These hat zum Ziel, den Einfluss der Erregervariation, 

verschiedener Umgebungs- sowie Managementfaktoren und ausgewählter 

Koinfektionen erstmalig in einer Studie zu untersuchen und hinsichtlich ihrer Risiken 

für die Manifestation der Enzootischen Pneumonie zu bewerten. 

 

Im ersten Teilprojekt, dessen Fokus auf der Charakterisierung verschiedener 

Stämme von M. hyopneumoniae lag, wurde zunächst eine Methode etabliert, die 

eine schnelle und einfache Artdiagnose porziner Mykoplasmen nach Anzucht in 

Kulturmedien ermöglicht. M. hyopneumoniae, M. flocculare, M. hyorhinis, 

M. hyosynoviae und M. hyopharyngis wurden dabei anhand der Größe ihrer PCR 

Produkte nach Amplifikation der intergenischen 16S-23S Sequenzregion 

differenziert. Nachfolgend wurden 52 M. hyopneumoniae Stämme aus 

Probenmaterial von 45 Schweinen kulturell isoliert, die aus 21 Herden mit resp. ohne 

Symptome respiratorischer Erkrankungen bei Mastschweinen stammten. In sieben 

Fällen konnte M. hyopneumoniae sowohl aus bronchoalveolärer Lavageflüssigkeit 

(BALF) als auch Lungengewebe derselben Schweine isoliert werden. Random 

amplified polymorphic DNA (RAPD) und variable number of tandem repeats (VNTR) 

Analysen wurden verwendet, um den Genotyp der Stämme zu bestimmen. Anhand 

der Ergebnisse beider Methoden konnte übereinstimmend festgestellt werden, dass 

unterschiedliche Stämme von M. hyopneumoniae nicht nur in verschiedenen Herden, 

sondern auch innerhalb einer Herde vorkommen. An zwei Schweinen konnte die 

gleichzeitige Infektion mit mindestens zwei genotypisch unterschiedlichen Stämmen 

von M. hyopneumoniae nachgewiesen werden. Die Ergebnisse dieses Teilprojekts 

lassen die Schlussfolgerung zu, dass die angewandten molekularen 

Typisierungsverfahren zur Identifizierung potentieller Virulenzfaktoren von 

M. hyopneumoniae an Probenmaterial aus endemisch infizierten 

Schweinebeständen wenig zielführend sind, da eine mögliche Zirkulation 

verschiedener Stämme in endemisch infizierten Herden zu berücksichtigen ist. 
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Im zweiten Teilprojekt dieser These wurde der diagnostische Wert der 

Quantifizierung klinischer Symptome zur Feststellung von Enzootischer Pneumonie 

bei Mastschweinen untersucht. Ein chronischer, trockener Husten in dieser 

Altersgruppe wird zwar als typisches Symptom einer klinischen Erkrankung infolge 

M. hyopneumoniae Infektion angesehen, der diagnostische Wert der klinischen 

Untersuchung wurde im Vergleich zum Nachweis typischer Veränderungen am 

Lungengewebe bzw. dem direkten oder indirekten Erregernachweis aber als eher 

gering eingeschätzt. Ziel der eigenen Untersuchung war es, das Auftreten von 

chronischem, trockenen Husten in endemisch mit M. hyopneumoniae infizierten 

Herden bei Mastschweinen zu quantifizieren und zum direkten resp. indirekten 

Erregernachweis (PCR, ELISA) in Beziehung zu setzen. Der direkte Nachweis von 

M. hyopneumoniae an BALF und der Hustenindex, der die Anzahl von 

Hustenanfällen je 100 Schweine und Minute beschreibt, waren statistisch signifikant 

assoziiert. Auch zwischen dem Nachweis von Antikörpern gegen M. hyopneumoniae 

und dem Hustenindex konnte eine statistisch signifikante Assoziation festgestellt 

werden. Es konnte gezeigt werden, dass ein Hustenindex ≥2,5 % in Verbindung mit 

einer Seroprävalenz von M. hyopneumoniae ≥0,5 mit sehr hoher Wahrscheinlichkeit 

als Indiz für eine Enzootische Pneumonie zu bewerten sind. Im Gegensatz dazu ist 

eine Enzootische Pneumonie bei Mastschweinen sehr unwahrscheinlich, wenn der 

Hustenindex <2,5 % ist und die Seroprävalenz <0,5 beträgt. Ergebnisse dieses 

Teilprojekts wurden als Grundlage für die Einteilung der Bestände in der Fall-

Kontroll-Studie im dritten Teilprojekt dieser These verwendet. 

 

Mit dem Ziel, den Einfluss von Management- und Umgebungsfaktoren sowie von 

Koinfektionen auf das Auftreten der Enzootischen Pneumonie zu untersuchen, wurde 

eine Fall-Kontroll-Studie durchgeführt. Insgesamt 112 Schweineherden aus 

Niedersachsen und Nordrhein-Westfalen wurden epidemiologisch mittels eines 

Fragebogens charakterisiert und klinisch untersucht. Darüber hinaus wurde die 

Seroprävalenz von M. hyopneumoniae bei Mastschweinen an jeweils 20 Blutproben 

mittels ELISA bestimmt. Diese Proben wurden außerdem auf Antikörper gegen das 

swine influenza virus (SIV) H1N1 und H3N2 sowie gegen das porcine reproductive 
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and respiratory syndrome virus (PRRSV) untersucht. Die Herden wurden 

entsprechend ihres Hustenindexes bei Mastschweinen und der Seroprävalenz von 

M. hyopneumoniae den Gruppen „Fall“ (n=40; Hustenindex ≥2,5%; Seroprävalenz 

≥0,5), „Kontrolle I“ (n=25; Hustenindex <2,5%; Seroprävalenz <0,5) oder 

„Kontrolle II“ (n=35; Hustenindex <2,5%; Seroprävalenz ≥0,5) zugeordnet. Bestände 

mit einem hohen Hustenindex und geringer Seroprävalenz von M. hyopneumoniae 

wurden von der weiteren Datenanalyse ausgeschlossen, weil andere Ursachen als 

Auslöser der Atemwegserkrankung wahrscheinlich sind. Für die Analyse der Daten 

zum Management, zur Tierumgebung und zu den relevanten Koinfektionen wurden 

sowohl univariate, wie auch multivariate Regressionsanalysen durchgeführt. Die 

Risikofaktoren für eine Ausbreitung von M. hyopneumoniae innerhalb von Herden 

sollten durch den Vergleich der Gruppen „Kontrolle II“ gegen „Kontrolle I“ untersucht 

werden. Im Gegensatz dazu wurde erwartet, dass durch den Vergleich der Gruppen 

„Fall“ gegen „Kontrolle II“ besonders solche Faktoren erkannt werden, die für die 

klinische Apperenz von Enzootischer Pneumonie verantwortlich sind. Im dritten 

Modell, „Fall“ gegen „Kontrolle I“, wurde geprüft, welche Risikofaktoren die 

Ausbreitung des Erregers innerhalb der Herden und den nachfolgenden Ausbruch 

der Erkrankung beeinflussen. In der abschließenden Modellbildung wurde die 

Herdengröße jeweils als stetiger Risikofaktor berücksichtigt. Neben einigen bereits 

beschriebenen Risikofaktoren, wie bspw. die mangelhafte Trennung von Alters- und 

Produktionsgruppen, konnten weitere Risikofaktoren identifiziert werden. Ein Anstieg 

des Alters der Ferkel zum Zeitpunkt des Absetzens war mit einem erhöhten Risiko 

für Enzootische Pneumonie bei Mastschweinen verbunden und auch die Impfung 

von Saugferkeln innerhalb der ersten zwei Lebenswochen mit einer one-shot 

Vakzine gegen M. hyopneumoniae ging  mit einem erhöhten Risiko für eine 

Erkrankung einher. Die Beobachtung, dass Herden mit hoher Reproduktionsleistung 

der Sauen eine geringere Wahrscheinlichkeit für eine Enzootische Pneumonie bei 

Mastschweinen hatten, wurde in dieser Studie erstmalig beschrieben. 

Zusammenfassend konnte festgestellt werden, dass die effiziente Trennung von 

Alters- und Produktionsgruppen, eine adäquate Eingliederung zugekaufter 

Jungsauen und -eber, ein passendes Impfkonzept und die Aufzucht weniger 
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Mastschweine pro Bucht in einer gut klimatisierten Umgebung  das Risiko für die 

Ausbreitung von M. hyopneumoniae und den Ausbruch der Enzootischen Pneumonie 

reduzieren. 
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Introduction 
 

 

Mycoplasma (M.) hyopneumoniae is the causative agent of porcine enzootic 

pneumonia (EP) and contributes significantly to porcine respiratory disease complex 

(PRDC). This disease, leading to reduced weight gain, reduced feed conversion and 

increasing use of antibiotics (Dee, 1997), is one of the major health problems in pig 

production worldwide (Maes et al., 2008). It is characterised by a chronic, dry and 

non-productive coughing in fattening pigs 16 to 22 weeks of life. The morbidity is 

usually high, whereas mortality is low (Thacker, 2006). The development and severity 

of enzootic pneumonia is influenced by various factors including management, 

hygiene, vaccination against M. hyopneumoniae, etc. (Staerk, 1998; Maes et al., 

1999; Maes et al., 2000), and, moreover, by the virulence of the M. hyopneumoniae 

strain affecting the pigs (Vicca et al., 2003). However, a comprehensive, statistically 

approved model that considers all known and estimated factors influencing within 

herd transmission (Figure 1) has never been described. 

 

The infection of pigs with M. hyopneumoniae is characterised by multiplication of the 

agent in the lower respiratory tract. In a preliminary step, M. hyopneumoniae binds to 

the cilia of the epithelial cells of the trachea, bronchi and bronchioli. This physical 

conjunction in combination with secretion of metabolites by M. hyopneumoniae leads 

to a decrease of cell metabolism and a damage of the epithelium. Finally, there is 

complete loss of cell function and a significant reduction of the muco-ciliar clearance. 

Since this clearance is one of the most important non-specific defence systems of the 

lung, its impairment significantly increases the risk for co-infections with other 

bacterial and/or viral pathogens. The pathogenesis of M. hyopneumoniae infection is 

also characterised by the host‟s immune reaction. The migration of macrophages and 

lymphocytes into the peri-bronchial and the peri-vascular tissue results in typical 

“bronchial associated lymphoid tissue (BALT) hyperplasia” as well as an interstitial 

pneumonia. These lesions may be more severe, if other (viral) co-infections are 

present. From recent published data it is known that different strains of 
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M. hyopneumoniae may have different levels of virulence (Vicca et al., 2003). 

Notwithstanding several infection studies have been carried out, the impact of the 

virulence on the occurrence and the severity of enzootic pneumonia under field 

conditions remains unknown. 

 

 

 

Figure 1 Known and supposed factors influencing the occurrence and 
severity of enzootic pneumonia in single pigs and pig herds 
(modified from Staerk 1998) 

 

 

Improved housing and management conditions are essential part of strategies for 

controlling enzootic pneumonia. Moreover, vaccination can reduce the impact of 

disease in endemically infected herds, but does not eliminate the pathogen from an 

infected herd (Haesebrouck et al., 2004). Despite more than 15 years of vaccination 

against M. hyopneumoniae, the etiologic agent of enzootic pneumonia is still 

widespread in the pig population. In Germany, it is assumed that more than 90% of 

all herds are endemically infected (grosse Beilage et al., 2009). In principle, 
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vaccination against M. hyopneumoniae has been proven to reduce clinical disease 

and lung lesions (Jensen et al., 2002), but the vaccine must be applied at such a time 

as to reconcile the advantage of delayed vaccination with the need to induce 

immunity before exposure to the pathogen (Maes et al., 2008). Undoubtedly, the 

vaccine should be applied to piglets at least two weeks before the estimated time of 

infection (Roof et al., 2001). However, discussion about the potential relationship 

between maternally derived antibodies and the active immunization of suckling pigs 

is on-going (Hodgins et al., 2004; Martelli et al., 2006). 

 

Besides vaccination the reduction of pathogen transmission within and between pig 

herds, respectively, is a prerequisite to control enzootic pneumonia. Therefore better 

understanding of how different factors influence the potential area spread and the 

transmission of M. hyopneumoniae is required. 

M. hyopneumoniae is predominantly transmitted by nose-to-nose contact between 

animals and less frequently by aerosols, maintaining horizontal spread of the agent 

from infected to naïve pigs of the same age group in pens or in the same barn. If the 

system of all-in-all-out is not consequently implemented in all different production 

stages, there can also be direct or indirect transmissions of the agent from older pigs 

to younger naïve pigs (Maes et al., 2008). Also sometimes seen is vertical 

transmission from sows to their offspring (Thacker, 2006).  

Several risk factors for a pig herd to become (re-)infected with M. hyopneumoniae 

have been described. In regions of endemically infected populations, restocking 

policy (e.g. purchasing replacement gilts), the distance to neighbouring pig farms and 

the distance to the next countryside highway can increase the risk for a herd to 

become infected (Staerk et al., 1992; Thomson et al., 1992; Maes et al., 2000). 

Beside these risks for M. hyopneumoniae transmission between herds, there are also 

reports focusing on the intra-herd situation. Using serological follow up, it was shown 

that direct contact between animals (Morris et al., 1995) and insufficient separation of 

different age groups and production stages (Clark et al., 1991) enhance the spread of 

infection and the severity of disease. The occurrence of enzootic pneumonia is 

further influenced by stocking density and the total number of pigs in each 
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compartment (Tuovinen et al., 1990). In a recent study, the influence of insufficient 

boar acclimatisation on seropositivity of sows was shown (grosse Beilage et al., 

2009). 

 

Beside studies investigating risk factors at animal and herd level, recently, research 

on the genetic and antigenic heterogeneity of M. hyopneumoniae strains has been 

the main focus of several studies (Ro and Ross, 1983; Zielinski and Ross, 1990; Frey 

et al., 1992; Artiushin and Minion, 1996). It was shown that strains from different 

(geographical) sources show a high variability at genomic level and multiple 

passages in culture could influence pathogenicity when re-infecting pigs with these 

strains, but no evidence for a correlation between genetic heterogeneity and 

virulence has been found, so far. However, this issue has become the focus of 

current research, since an association between presence of a 5,000 base-pair sized 

fragment in the genome of M. hyopneumoniae and high virulence in pigs was 

demonstrated using experimental studies (Vicca et al., 2003). Recent studies using 

methods to analyse genetic diversity like amplified fragment length polymorphism 

(AFLP), pulse-field gel electrophoresis (PFGE), multi-locus sequence typing (MLST), 

random amplified polymorphic DNA (RAPD) analysis, restriction fragment length 

polymorphism (RFLP) and determine the variable number of tandem repeats (VNTR) 

have been applied to variable sets of M. hyopneumoniae strains from different 

sources (Stakenborg et al., 2005; Stakenborg et al., 2006; Mayor et al., 2008). The 

major aims of most of these studies were to characterize different strains, and, based 

on comparison with low and high virulent strains, to identify genomic markers 

connected to virulence. Similarly, several studies focused on the protein and 

antigenic variability of M. hyopneumoniae using sodium-dodecyl-sulphate 

polyacrylamid gel electrophoresis (SDS-PAGE) and western blotting (Wise and Kim, 

1987; Assuncao et al., 2005; Calus et al., 2007). Depending on the method and the 

number of strains examined, most authors concluded that genomic diversity and 

proteomic variability of M. hyopneumoniae isolates is high within the species, but 

only one clone is usually circulating within a herd at a given time (Calus et al., 2007; 

Mayor et al., 2008). Based on these findings, the genotypic characterisation and/or 
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phenotypic determination of isolates from different farms might become a major goal 

in epidemiological studies, at least to assess routes of infection and even, if possible, 

to describe virulence markers (de Castro et al., 2006; Calus et al., 2009). Differences 

in virulence might also affect within herd transmission of the pathogen and therefore 

should be incorporated into disease transmission models. 

 

In terms of diagnosing enzootic pneumonia the evaluation of clinical symptoms, 

macroscopic lesions of the lung and presence of the pathogen in parallel is a 

standard recommendation (Thacker, 2004). 

Gross lesions in the lung typical for enzootic pneumonia consist of purple to grey 

areas of tissue consolidation, which are predominantly located in the cranio-ventral 

portions of the lung lobes. Microscopic changes comprise proliferated lymphoreticular 

tissue in the lamina propria, in the peribronchiolar areas and, in later stages of 

disease, also in perivascular areas (Thacker, 2006). 

Noteworthy, there is a frequent and on-going discussion about the optimal sample 

site (lung tissue, bronchoalveolar lavage fluid (BALF), nasal swabs, etc.) for the 

detection of M. hyopneumoniae by PCR in pigs (Figure 2). Lung tissue is a suitable 

material for the detection of M. hyopneumoniae by PCR, but it was also shown that 

during early stages of infection when no macroscopic lesions are visible the BALF or 

nasal swab from the same animal is more often positive than lung tissue (Calsamiglia 

et al., 1999; Calsamiglia et al., 2000; Moorkamp et al., 2008). Nasal swabs have 

further advantages. Using this sampling site, the same animals can be sampled 

repeatedly during longitudinal studies, because the risk of physical damage and the 

stress during sampling is minimized compared with bronchoalveolar lavage. 

Therefore, nasal swabs were used in numerous studies focusing on the infection 

dynamic within herds (Calsamiglia et al., 1999; Sibila et al., 2007a; Sibila et al., 

2007b). Tracheo-bronchial brushes provide attributes similar to nasal swabs, but are 

more suitable for culture detection of M. hyopneumoniae, because contamination 

with nasal microbial flora is significantly lower (Marois et al., 2007; Fablet et al., 2010; 

Marois et al., 2010). 
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Material Suitability Feasibility 

Lung tissue 
  

BALF (post mortem)   

BALF (intra vitam)   

Nasal swab   

   

Figure 2 Suitability and feasibility of different sample sites for the detection 
of M. hyopneumoniae by PCR (modified from Marois et al., 2007) 

 

 

In summary, the epidemiology of enzootic pneumonia and within herd transmission of 

the pathogen is influenced by several factors including management, hygiene, 

virulence of the M. hyopneumoniae strain and others. Excellent studies focusing 

these factors have been carried out during the last decades and contributed to an 

enhanced knowledge about enzootic pneumonia in pigs. Notwithstanding there is 

further need to increase in-depth knowledge about the influence of strain variation, 

today‟s environment, husbandry systems and management in pig farms and 

coinfections. This need is also constituted by significant structural developments in 

the pig production (herd size, spatial separation of production units, pig flow), which 

work on the spread and the transmission of this pathogen. Today, the improvements 

of diagnostic methods for the detection of M. hyopneumoniae enable a more 

thorough assessment of the frequencies of infections within pig herds. Noteworthy 

the potency of the occurrence of M. hyopneumoniae strains with different virulence 

(genetic and phenotypic variability) in pig herds yet has not been considered in field 

studies. 
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Objectives of this thesis 
 

 

In order to enhance in-depth knowledge about influence of M. hyopneumoniae strain 

variation, todays´ environmental factors and management procedures as well as 

coinfections on the occurrence and severity of enzootic pneumonia in pig herds, an 

iterative study was conducted during four consecutive years. The holistic approach 

was to evaluate various data obtained during a case-control-study. This included 

characterisation of M. hyopneumoniae strains, assessment of environmental factors 

and management, as well as examination of coinfections. 

 

The main objectives of this thesis were three: 

 

1. In a laboratory study, an identification system for cultured mycoplasmas 

frequently isolated from samples of the porcine respiratory tract had to be 

established. In the second step, the major aim was to apply formerly described 

methods for genetic characterisation and comparison of M. hyopneumoniae 

isolates, namely RAPD and VNTR analysis, to a large number of 

epidemiologically well-defined M. hyopneumoniae isolates. It was 

hypothesised that comparison of numerous isolates from pigs/herds affected 

by enzootic pneumonia with those from unaffected pigs/herds would improve 

the knowledge about virulence-associated genome fragments, which provide a 

basis to be further examined in follow-up studies. 

 

2. The objective of the second study was to evaluate a quantitative measurement 

of the clinical symptom “coughing”, when enzootic pneumonia is suspected in 

groups of growing and finishing pigs. The „coughing index‟ of fattening pigs 

was assessed in both, healthy and diseased, pig herds. Further, the 

association between “coughing” one the one hand and direct and indirect 

detection of M. hyopneumoniae on the other hand was examined. For this 

purpose, sera and bronchoalveolar lavage fluids from fattening pigs were 
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sampled and tested for specific genome fragments and antibodies, 

respectively. 

 

3. The aim of the final study was to examine potential risk factors for the 

occurrence of enzootic pneumonia in a region of high pig density, where 

nearly all herds are endemically infected with M. hyopneumoniae. It was 

further aimed to quantify the risk in order to weight the various factors 

according to their relevance in terms of provoking enzootic pneumonia. 

Therefore, a case-control study was conducted, where data were assessed by 

personal interview with the farmers, clinical examination of animals and their 

environments, and finally, serological testing for M. hyopneumoniae, SIV and 

PRRSV. 
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Abstract 
 

 

Since the impact of strain variation of Mycoplasma hyopneumoniae on the 

development/severity of porcine enzootic pneumonia has been discovered, the 

isolation of field strains followed by genotypic and phenotypic characterization in the 

laboratory has become a major goal in epidemiological studies. In our study, we 

aimed the comparison of various strains of M. hyopneumoniae isolated from different 

pig herds and numerous pigs within the same herd. Overall, 52 strains of 

M. hyopneumoniae were isolated from 45 different pigs originating from 21 herds. In 

7 animals bronchoalveolar lavage fluid and lung tissue were positive. All strains were 

identified by nucleic acid amplification targeting the 16S-23S intergenic spacer (IGS) 

region. Random amplified polymorphic DNA (RAPD) analysis and a multi-locus 

analysis of variable number of tandem repeats (VNTR) demonstrated a high genetic 

heterogeneity of M. hyopneumoniae strains. Differences among strains that were 

isolated from animals of the same herd, and even among strains that were isolated 

from the same pig revealed a grouping into different genotypic clusters. This outcome 

was observed with both methods. It was concluded that more than one strain of 

M. hyopneumoniae might be present in a pig herd and even in a single pig, 

suggesting a high genetic heterogeneity between strains of the same epidemiological 

source. These facts should be considered when applying nucleic amplification 

techniques for characterization of M. hyopneumoniae strains in order to specify the 

epidemiology of infection and to evaluate virulence factors triggering the 

corresponding disease. 

 

 

Keywords 
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Introduction 
 

 

Mycoplasma hyopneumoniae is the causative agent of porcine enzootic pneumonia 

(EP) and contributes significantly to the porcine respiratory disease complex. The 

development and severity of enzootic pneumonia is influenced by various factors 

including management, hygiene, vaccination against M. hyopneumoniae, etc. (Maes 

et al., 1999; Maes et al., 2000), and, moreover, by the virulence of the 

M. hyopneumoniae strain affecting the pigs (Vicca et al., 2003). 

In former decades, the genetic and antigenic heterogeneity of M. hyopneumoniae 

strains had already been elaborated in numerous studies (Ro and Ross, 1983; 

Zielinski and Ross, 1990; Frey et al., 1992; Artiushin and Minion, 1996). It was shown 

that strains from different (geographical) source considerably differ at genomic level, 

and that the numbers of passages in culture could influence pathogenicity when re-

infecting pigs with these strains, but no evidences for association between genetic 

heterogeneity and virulence was found. However, this issue went back into focus of 

current research, since an association between presence of a 5,000 bp fragment in 

the genome of M. hyopneumoniae and high virulence in pigs was demonstrated in an 

experimental approach (Vicca et al., 2003). In recent studies on genetic diversity 

methods like amplified fragment length polymorphism (AFLP), pulse-field gel 

electrophoresis (PFGE), multi-locus sequence typing (MLST), random amplified 

polymorphic DNA (RAPD) analysis, restriction fragment length polymorphism (RFLP) 

and analysis of the variable number of tandem repeats (VNTR) have been applied to 

variable sets of M. hyopneumoniae strains from different sources (Stakenborg et al., 

2005; Stakenborg et al., 2006a; Mayor et al., 2008). The major aims of most of these 

studies were to characterize different strains, and, based on comparison with low and 

high virulent strains, to identify genomic markers connected to virulence. Other 

studies focused on the protein and antigenic variability of M. hyopneumoniae using 

sodium-dodecyl-sulphate polyacrylamid gel electrophoresis (SDS-PAGE) and 

Western blotting ( Wise and Kim, 1987; Assuncao et al., 2005; Calus et al., 2007). 

Depending on the method and the number of strains examined, most authors 
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concluded that genomic diversity and proteomic variability of M. hyopneumoniae 

isolates is high within this species, but only one clone is circulating within a herd 

(Calus et al., 2007; Mayor et al., 2008). Based on these findings, the genotypic 

characterization and/or phenotypic determination of isolates from different farms was 

becoming a major goal in epidemiological studies, at least to assess routes of 

infection and even, if possible, to describe virulence markers ( de Castro et al., 2006; 

Calus et al., 2009). 

 

In our study, a preparatory step was to establish an identification system for cultured 

mycoplasmas frequently isolated from samples of the porcine respiratory tract. In the 

second step, the major aim was to apply formerly described methods for genetic 

characterization and comparison of M. hyopneumoniae isolates, namely RAPD and 

VNTR analysis, to a large number of epidemiologically well-defined 

M. hyopneumoniae isolates. It was hypothesized that comparison of numerous 

isolates from EP affected pigs/herds with those from unaffected pigs/herds would 

improve the knowledge about virulence-associated genome fragments, which provide 

a basis to be further examined in follow-up studies. 
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Materials and Methods 
 

 

Mycoplasma strains and isolates for validation purpose 
 

The following Mycoplasma type strains were purchased from the National Collection 

of Type Cultures (NCTC; Colindale, UK): M. flocculare Ms42T NCTC10143, 

M. hyopharyngis H3-6BFT NCTC11705, M. hyopneumoniae JT NCTC10110, 

M. hyorhinis BTS-7T NCTC10130, and M. hyosynoviae S16T NCTC10167. Field 

isolates (M. flocculare n=12, M. hyopharyngis n=6, M. hyopneumoniae n=19, 

M. hyorhinis n=39, M. hyosynoviae n=34), previously identified to species level by 

serology, were selected randomly from the IBMH mycoplasma strain collection. All 

strains and isolates were incubated aerobically in Friis broth (Friis, 1975) at 37°C 

until a colour change of the medium occurred and broth cultures were submitted to 

DNA extraction as described below. 

 

 

Animals and samples for the epidemiological study 
 

Material for cultural examination was derived from three different sources: (a) 

bronchoalveolar lavage fluid (BALF) from fattening pigs obtained by nasal route 

(Nienhoff et al. 2004), (b) lung tissue from nursery pigs obtained during necropsy and 

(c) lung tissue from fattening pigs obtained after slaughter. 

The BALF was sampled on-farm in herds either affected by enzootic pneumonia 

(case herds) or free from clinical signs of respiratory disease (control herds). The 

lavage was carried out with 20-60 mL of sterile physiological saline solution and 

further equipment as described elsewhere (Nienhoff et al. 2004). On each farm, ten 

fattening pigs weighing more than 100 kg were selected either by the parameter 

“coughing” (case herds) or randomly (control herds). Subsequently after sampling, 

1 mL of BALF was diluted 1:5 in Friis broth and stored at -70 C until further 

examination. 
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Lung tissue from nursery and slaughtered pigs was sampled from one of the cranial 

lobes of the lung. A piece with 5 cm length of the edge was sliced from the cranial 

part of the lobe independently of visible lesions that might indicate pneumonia. 

Afterwards, the lung tissue was prepared in two ways: At first, a piece with 0.3 cm 

length of the edge was brought into 2.5 mL of Friis broth. In a second step, a 

bronchoalveolar lavage was performed by pipetting of 300 μL physiological saline 

solution into one bronchus. Approximately 100 μL of this BALF was recovered and 

was subsequently brought into 2.5 mL of Friis broth. All samples were stored at -

70 C until further examination. 

The study was performed under licence for experimenting on animals from the 

German Federal State Veterinary Administration Offices in Lower Saxony (LAVES, 

Oldenburg, license no. 33-42502-06A436) and in North-Rhine Westphalia (BRMS, 

Muenster, license no. 50.0835.3.0/A71/2006). 

 

 

Isolation of M. hyopneumoniae 
 

The frozen samples (broth containing BALF or lung tissue) were thawed and gently 

mixed. Each time, 100 μL of sample was pipetted into 3 ml of fresh medium which 

was incubated aerobically at 37°C until a colour change occurred. Then, 100 μL of 

broth cultures were passaged onto Friis agar, incubated at 37°C in 7% CO2 and 93% 

air, and plates were daily checked for colony formation by stereomicroscopy. In those 

cases where 16S-23S PCR (see below) revealed mixed cultures five single colonies 

were picked and incubated in Friis medium. After propagation, cultures were tested 

again for purity of M. hyopneumoniae by 16S-23S PCR. Cultures were stored at  

-70°C until further usage. 
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DNA purification and amplification of the 16S-23S IGS region 
 

From 500 μL of broth cultures the genomic DNA was extracted and purified using a 

silica-membrane-based spin kit (GenEluteTM Mammalian Genomic DNA Miniprep Kit, 

Sigma-Aldrich, Vienna, Austria) according to the manufacturer‟s instructions.  

PCR reaction mixes (25 μL) were prepared using 12.5 μL of a commercial PCR 

reagent (REDTaqTM ReadyMixTM, Sigma-Aldrich, Vienna, Austria) added with 

10 pmol of primer F2A (5‟-GTGGGGATGGATCACCTCCT-3‟) and 10 pmol of primer 

R2 (5‟-GCATCCACCAAAAACTCTT-3‟), 3 μL of DNA template and water as 

described by Tang et al., 2000. The amplification protocol included an initial step at 

94°C for 30 sec. Afterwards, 35 cycles were performed (94°C for 30 sec, 55°C for 

120 sec and 72°C for 120 sec) followed by a final extension step at 72°C for 120 sec. 

Reactions were carried out in single tubes in a thermocycler (GeneAmp 9700, 

Applied Biosystems, Darmstadt, Germany). PCR products were separated by 

electrophoresis using 1.5% agarose gel and 1 x Tris-Borat-EDTA buffer, at 1 V/cm 

for 60 minutes. Amplicons were visualized after staining the gel with ethidium 

bromide (0.1 μM) for 30 minutes. 

 

 

RAPD analysis of M. hyopneumoniae isolates 
 

For RAPD analysis single colonies of M. hyopneumoniae isolates were propagated in 

Friis medium, and DNA was extracted from cultures obtained. The type strain 

M. hyopneumoniae JT was included in the studies.  

RAPD analyses were performed using 37.5 pmol of the primer R6 (5‟-

CCCGTCAGCA-3‟) (illustra Ready-To-Go RAPD Analysis Kit; GE healthcare, 

Buckinghamshire, United Kingdom). To minimize the variability between different 

runs, puRe Taq Ready-To-Go PCR Beads (GE Healthcare, Buckinghamshire, UK) 

were used, and all samples were run simultaneously during one single PCR. Prior to 

this study, discriminatory power as well as reproducibility of banding patterns were 

determined by repeating RAPD analysis of selected strains. The amplification 
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conditions included an initial denaturation step at 95°C for 5 min, followed by 45 

cycles of 94°C for 1 min, 36°C for 1 min, a 2 min ramp time to 72°C (0.3°C/s) and 

72°C for 2 min, followed by one final elongation step at 72°C for 1 min. After 

amplification, 10 μL of the PCR mixture were analysed by electrophoresis using 1.5% 

high resolution agarose gel (Agarose NEEO Ultra-Qualitaet, Carl Roth GmbH, 

Karlsruhe, Germany) at 1 V/cm for 60 minutes. The DNA fragments were visualized 

using a gel documentation system and images were stored in a file format 

maintaining a 16-bit-greyscale (Bio-Rad Laboratories GmbH, Vienna, Austria)  

 

 

VNTR analysis of M. hyopneumoniae isolates 
 

Three different regions containing tandem repeats located within the genes of the 

P97 adhesin (P97R1), a putative membrane protein (H4), and the adhesin like-

protein P146 (P146R3) (de Castro et al., 2006; Stakenborg et al., 2006a), were 

amplified using primers listed in Table 1. The amplification protocol with primers P97 

FOR and P97 REV included an initial step at 94°C for 2 min and 30 cycles each 

lasting 30 sec at 94°C, 30 sec at 54°C and 60 sec at 72°C. For final extension 

samples were heated 2 min at 72°C. The amplification protocol with primers H4 

FOR/H4 REV and P146 FOR/P146 REV included an initial step at 94°C for 2 min and 

35 cycles of 60 sec at 94°C, 60 sec at 60°C and 60 sec at 72°C, followed by a final 

extension step at 72°C for 2 min. From each of the three runs, 10 μL of the PCR 

mixtures were analysed by electrophoresis using 1.5% high resolution agarose gel 

(Agarose NEEO Ultra-Qualitaet, Carl Roth GmbH, Karlsruhe, Germany) at 1 V/cm for 

60 minutes. At least twice for every 10 samples, a molecular weight marker 

(GeneRuler™ 100 bp DNA ladder, Fermentans, Leon-Rot, Germany) was loaded 

onto the gel. The DNA fragments were visualized using a gel documentation system 

and images were stored in a file format maintaining a 16-bit-greyscale (Bio-Rad 

Laboratories GmbH). 
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Table 1 Primers used for VNTR analyses 

Target 

Sequence (5´-3´) Reference 

Primer 

P97 RR1  
 

P97 FOR GAAGCTATCAAAAAAGGGGAAACTA 
Stakenborg et 
al., 2006a 

P97 REV GGTTTATTTGTAAGTGAAAAGCCAG 

H4   

H4 FOR TCGGGATTTTTTCTCTTTCTTC 
de Castro et al., 
2006 

H4 REV AGGATCTTGTGGTTTTAGCG 

P146 RR3   

P146 FOR AAAACCCAAAGTAGTGATTC 
de Castro et al., 
2006 

P146 REV TGTATCGGTTTCAGAAGAAG 

 

 

Data analysis 
 

Files from gel-documentation were imported to Bionumerics (V3.5, Applied-Maths, 

Sint-Martens-Latern, Belgium) for further data analysis. Bands annotated by the 

software were visually controlled and fragments smaller than 100 bp were omitted for 

further analysis. 

 

Calculation of similarity coefficients applied by RAPD analysis was performed using 

the Dice algorithm. The unweighted pair group method with arithmetic means 

(UPGMA) was used for clustering with a band position tolerance and optimization 

setting of 1%. 
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The VNTR profiles were analysed in two steps. At first, fingerprints from each run 

(P97, H4 and P146) were analysed separately followed by a comparison of banding 

patterns of isolates on an animal level. The hypothesis that in a dedicated herd or in 

a single animal only one isolate eventually comprising two or three strains of 

M. hyopneumoniae is present was examined by performing a cluster analysis based 

on the number and size of amplicons. Therefore, the fingerprints from all three 

experiments were averaged and combined in one single composite cluster analysis. 
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Results 
 

 

Identification of porcine mycoplasmas by 16S-23S IGS PCR 
 

16S-23S IGS PCR allowed distinguishing cultured mycoplasma species frequently 

isolated from the porcine respiratory tract by their size of amplicons. Amplified 

products of type strains ranged in size from 260 bp (M. hyosynoviae), 320 bp 

(M. hyorhinis), 360 bp (M. hyopharyngis), 450 bp (M. flocculare) to 580 bp 

(M. hyopneumoniae) (Figure 3). No size variability of amplicons within a given 

species occurred when field isolates were tested by this identification scheme. Two 

or more PCR products were observed, if medium contained more than one 

mycoplasma species (Figure 4). During validation in the laboratory, PCR results for 

110 isolates of porcine mycoplasma species obtained from the laboratory reference 

bank were 100% linked to traditional serological test and species specific PCR 

results (data not shown). 

 

 
 

 

Figure 3 16S-23S PCR of porcine mycoplasma reference strains 

Lane 1: molecular weight marker, 2: M. hyopneumoniae JT, 3: M. flocculare Ms42T, 4: 

M. hyopharyngis H3-6BFT, 5: M. hyorhinis BTS-7T, 6: M. hyosynoviae S16T.  
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Figure 4 16S-23S PCR of mycoplasma field strains 

Lane 1: molecular weight marker, 2, 3, 9 and 10: M. hyorhinis, 4 and 13: M. hyorhinis 

and M. hyopneumoniae, 5: M. flocculare, 6: M. hyosynoviae, 7: M. hyosynoviae and 

M. hyopharyngis, 8: M. hyosynoviae and M. hyopneumoniae, 11 and 12: 

M. hyopneumoniae 

 

 

Detection rates and isolation of M. hyopneumoniae 
 

Samples from 109 herds were included. Strains of M. hyopneumoniae were isolated 

from 52 samples originating from 21 different herds. In 47.6% (10/21) of these herds 

only one strain was isolated. Two and three strains were gained in four and two 

herds, respectively. In 23.8% (5/21) of M. hyopneumoniae positive herds the number 

of isolated strains was three or higher; a maximum of seven strains per herd was 

seen twice. Of the 21 herds, 19 were suffering from enzootic pneumonia in fattening 

pigs or coughing in nursery pigs. Two herds, where overall three strains of 

M. hyopneumoniae had been isolated, pigs were healthy in terms of respiratory 

symptoms at the time of sampling and they had no history of respiratory disease 

within the preceding two years. 

M. hyopneumoniae strains were isolated from lung tissue of 39 pigs (3 nursery pigs 

and 36 fattening pigs). Further strains were isolated from BALF of 13 pigs (3 nursery 
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pigs and 10 fattening pigs). Taken together, in seven animals BALF and lung tissue 

were positive (3 nursery pigs and 4 fattening pigs).  

 

 

RAPD analysis of colony-derived M. hyopneumoniae isolates 
 

The 52 strains of M. hyopneumoniae tested showed RAPD patterns of high diversity 

(Figure 5). The band size assessed on the gels was between 180 and 1400 bp and 

the number of bands per strain varied from 7 to 13. Overall, 51 strains of 

M. hyopneumoniae showed a band of approximately 1,300 bp and 49 strains showed 

a band of approximately 530 bp. 

The cluster analysis using Bionumerics resulted in a tree, where strains from at least 

four farms (K, L U and T) demonstrated a similarity of less than 80%. Differences 

among strains that were isolated from animals of the same herd, and even among 

strains that were isolated from the same pig resulted in grouping into two or more 

different clusters (Farm L, strain 7-7 from BALF vs. strain 7-7 from lung tissue; Farm 

U, strain L06/050 from BALF vs. strain L06/050 from lung tissue, etc.). 

 

 

VNTR analysis of M. hyopneumoniae isolates 
 

Amplifying P97 RR1, P146 RR3 and H4 of each isolate resulted in various band 

profiles (Figure 6). Among 52 isolates 8 different lengths of P97 RR1 amplicon were 

observed. Similarly, 6 different lengths of P146 RR3 and 9 different lengths of H4 

amplicons were present indicating that herds and individuals are colonized by several 

strains. 

By summarizing banding patterns into a single cluster analysis, a high genetic 

heterogeneity of M. hyopneumoniae in single pigs, within pig herds and between pig 

herds was evident. A total of 10 clusters were identified, if 80% was set as the 

minimal identity of related isolates/strains of M. hyopneumoniae. 
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Figure 5 Genetic relationship among M. hyopneumoniae strains based on 
comparison of RAPD patterns. 

The dendrogram was produced using the unweighted pair group method with 

arithmetic means (UPGMA) and the Dice similarity coefficient matrix. a, strain ID; b, 

farm ID.   

Dice (Opt:1.00%) (Tol 1.0%-1.0%) (H>0.0% S>0.0%) [0.0%-100.0%]

RAPD R6

1
0

0

9
0

8
0

7
0

6
0

5
0

RAPD R6

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

7-6

L06/045

L06/045

L06/037

7-7

7-9

8-7

6-1

6-2

Strain J

5-2

6-2

6-5

6-9

7-4

6-10

3313/48

3313/49

1-1

1-4

1-6

2-10

3-6

4-1

4-3

4-4

1-2

1-7

3313/30

L06/050

N06/028-4

N06/057-8

N06/064-1

N06/068-1

N06/068-2

N06/013-1

3313/13

3313/29

3313/31

3313/35

N06/064-2

3313/14

N06/011-1

3313/11

3313/32

4-2

7-1

7-7

7-9

L06/046

L06/046

L06/050

6-10

L

T

T

T

L

L

M

K

K

J

K

K

K

L

K

E

E

F

F

F

G

H

I

I

I

F

F

B

U

N

O

P

Q

Q

S

A

B

B

D

P

A

R

A

C

I

L

L

L

T

T

U

K

a b 



Chapter II  43 

 

 

Figure 6 Cluster analysis of VNTR patterns (H4, P146, P97) of 
M. hyopneumoniae strains 

a, strain ID; b,farm ID 
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Discussion 
 

 

M. hyopneumoniae, M. flocculare, M. hyorhinis, M. hyosynoviae and M. hyopharyngis 

are fastidious mycoplasma species frequently colonizing the upper and lower 

respiratory tract of swine (Kobisch and Friis, 1996). As all these mycoplasma species 

have shown to be able to grow in the same isolation medium, reliable and rapid 

methods for species differentiation are required. While several species-specific PCR 

systems for the detection of M. hyopneumoniae are existing (Mattsson et al., 1995; 

Blanchard et al., 1996; Baumeister et al., 1998; Staerk et al., 1998; Verdin et al., 

2000; Kurth et al., 2002; Dubosson et al., 2004; Strait et al., 2008), only few 

(M. flocculare, M. hyorhinis) or no (M. hyopharyngis) molecular diagnostic methods 

for the identification of economically less important porcine mycoplasmas are 

available (Caron et al., 2000; Lin et al., 2006; Stakenborg et al., 2006a). Identification 

however can be achieved by serology which is a laborious identification method 

depending on specific porcine anti-mycoplasma antisera and on high expertise of 

diagnostic personnel. In this study we were able to establish an identification system 

based on length differences of the amplified 16S–23S rRNA IGS region of porcine 

mycoplasma species. The 16S–23S rRNA IGS region was targeted as it has shown 

to exhibit a high degree of interspecies heterogeneity in mycoplasmas varying in 

length and composition (Harasawa, 1999; Volokhov et al., 2006). The PCR described 

generated species-specific lengths of amplicons which were easily distinguishable 

using standard gel electrophoresis allowing simultaneous detection and identification 

of cultivated mycoplasma species frequently colonizing the porcine respiratory tract. 

 

Genotypic and phenotypic characterization of bacteria is often used to specify the 

epidemiology of an infection and to evaluate virulence factors triggering the 

corresponding disease (Horii et al., 1998; Kielstein et al., 2001; Knutton et al., 2001; 

Taillon et al., 2008). In case of M. hyopneumoniae infection and enzootic pneumonia 

in pigs, virulence factors have been proposed after analysing single strains from 

various herds with different molecular-biological techniques. However, detailed 
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knowledge about virulence factors of M. hyopneumoniae and laboratory methods 

predicting the virulence of strains are still unavailable (Sibila et al., 2009). 

 

Vicca and colleagues (2003) suggested RAPD analysis having the potential to 

distinguish between low and high virulent strains of M. hyopneumoniae with a 

sufficient power of discrimination. Characterizing M. hyopneumoniae strains with 

RAPD after virulence had been assessed in an experimental approach led to the 

assumption that high virulence is connected to the presence of a dedicated 5,000 bp 

fragment in the genome of the bacteria. In other studies examining field strains of 

mycoplasma species a low reproducibility of RAPD analysis was reported (Hong et 

al., 2005; Stakenborg et al., 2006b), and authors recommended the examination of 

different strains only within one experiment/PCR run. Comparing strains from 

different epidemiological and/or geographical sources, it was concluded that mainly 

one clone of M. hyopneumoniae is circulating at a specific point in time in a single pig 

herd. Interestingly, this statement was not constrained, although in the same study 

M. hyopneumoniae strains from four herds demonstrated differences in the band 

pattern from RAPD analysis (Stakenborg et al., 2006b). Similar conclusions 

regarding the hypothesis of one strain per herd were also drawn after applying MLST 

to a panel of M. hyopneumoniae strains (Mayor et al., 2008). The authors found 

multiple strains in the swine population but only specific strains or clones being 

responsible for local outbreaks of EP. Since all field samples in this study came from 

Switzerland, where M. hyopneumoniae had been eradicated and only sporadic re-

infections occur, cautious interpretation of the results is demanded and extrapolation 

to endemically infected pig populations is not recommended. Addressing the 

limitations of the method, we applied RAPD analysis to 52 isolates of 

M. hyopneumoniae originating from 21 different herds from North-western Germany. 

This region is characterized by highest pig density in Europe, remarkable trading of 

pigs (import of piglets and gilts from Denmark and The Netherlands) and its pig 

population is known to be endemically infected with M. hyopneumoniae (grosse 

Beilage et al., 2009). In the present study conducted in this region, strong evidences 

were found that more than one strain of M. hyopneumoniae might be present in a pig 
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herd and even in a single pig. Eligibility of this hypothesis is based on the significant 

differences, which were observed when band patterns of isolates from the same 

animal or the same pig herd were compared with each other. 

 

VNTR analysis is a feasible and suitable method to characterize bacteria without the 

necessity of any culture steps. It was reported being a useful tool for 

M. hyopneumoniae strain typing and EP diagnosis (de Castro et al., 2006), and it 

was also demonstrated that particular VNTRs of M. hyopneumoniae and their 

number, i.e. in P97 RR1, are directly linked to functional properties (Hsu and Minion, 

1998). These facts might approve VNTR analysis as the method of choice when 

characterization of large numbers of M. hyopneumoniae strains is aimed. However, 

the discriminatory power of single VNTRs of M. hyopneumoniae was shown being 

low (Stakenborg et al., 2006), and, moreover, the number of genes containing 

tandem repeat regions appears to be limited (Minion et al., 2004). Taking this into 

account, the use of VNTR analysis in characterizing M. hyopneumoniae might be of 

limited value. We could confirm the low number of differentiable VNTR types. 

Examining P97 RR1 only 8 different amplicon sizes were observed among the 52 

isolates, what was exactly in accordance to previous reports (Stakenborg et al., 

2006a). To solve the problem of low discriminatory power, results from three different 

VNTR loci were subjected to one single analysis followed by comparison of similarity. 

This kind of multiple loci VNTR analysis (MLVA) considerably enhances the 

resolution of the approach to disseminate bacterial agents (van Belkum, 2007). 

Similar to RAPD, with MLVA a high degree of genetic heterogeneity was found and 

isolates from the same pig herd and even from the same pig were grouped into 

different clusters. 

 

To the knowledge of the authors, this is the first report on high genetic heterogeneity 

of M. hyopneumoniae between isolates of the same epidemiological source, i.e. pig 

herd and/or single pigs. Since previous studies often included only one strain/isolate 

per herd or strains from re-infected pig populations, this study, which included up to 

eight isolates from the same epidemiological source, is reflecting the situation in 
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endemically infected pig herds and pig populations, respectively. Obviously, trading 

of piglets, growing pigs and gilts, combined with frequent changing of trading 

networks, M. hyopneumoniae strains are able to spread within pig populations. 

These facts should be considered when applying molecular techniques to examine 

and to characterize strains of M. hyopneumoniae in terms of virulence, protein 

expression or other factors involved in pathogen-host interaction. 
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Abstract 
 

 

The accurate and thorough diagnosis of enzootic pneumonia on herd level should be 

based on a combination of different methods. Within this complex, the merit of clinical 

examination usually was rated low compared to direct detection of 

M. hyopneumoniae in lung lesions by PCR. In the present study the value of accurate 

clinical examination, PCR on bronchoalveolar lavage fluid and serological testing of 

blood samples for the purpose of diagnosing enzootic pneumonia among fattening 

pigs in endemically infected herds was assessed. A statistically significant 

association between a clinical coughing index and the detection rate of 

M. hyopneumoniae by PCR was observed. Similar, there was a statistically 

significant association between coughing index and detection of M. hyopneumoniae 

specific antibodies by ELISA in equivalent herds. It was shown that in fattening pigs a 

quantitative assessment of onsets of coughing - typically dry and non-productive - 

improves an admissive diagnosis that also considers seroprevalence of 

M. hyopneumoniae in the affected age group. If the coughing index is ≥2.5% and the 

seroprevalence ≥0.5, then enzootic pneumonia is most likely. Vice versa, a diagnosis 

of enzootic pneumonia in fattening pigs would be doubtful, if the coughing index is 

clearly <2.5% and seroprevalence <0.5. 

 

(198 words) 
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Introduction 
 

 

A thorough diagnosis of respiratory disease in pig herds is ideally based on clinical 

symptoms, pathological examination of lung tissue and, additionally, the direct 

detection of an etiological pathogen in the area of lesions. This golden standard of 

diagnostic measures may interfere with economical necessities (e.g. value of pigs, 

costs for necropsies, etc.) and prohibition of on-farm necropsies in some countries 

(e.g. Germany, The Netherlands, etc.). For this reason and in terms of animal 

welfare, additional tools improving diagnoses have become a challenge in recent 

years. 

For an etiological diagnosis the clinical examination of pigs alone is not sufficient, 

since coughing being the principal symptom of respiratory diseases can be caused 

by various infectious agents, can be influenced by coinfections and, in some age 

groups of pigs, is rather unspecific. However, in fattening pigs, dry and non-

productive cough is a typical symptom of enzootic pneumonia and complemented 

with detection of the M. hyopneumoniae in the same pigs could be used for 

diagnostic purpose. It remains questionable, whether direct detection of the 

pathogen, as claimed for the golden standard, or indirect detection is reliable and 

feasible in this combination. 

Bronchoalveolar lavage as an established method for collecting material from the 

lower respiratory tract of pigs has been increasingly used for the diagnosis of 

pulmonary disease (Abiven and Pommier 1993; Flasshoff, 1996). In case of porcine 

enzootic pneumonia, caused by the infection with Mycoplasma (M.) hyopneumoniae, 

it was shown that the detection of the pathogen in bronchoalveolar lavage from living 

animals is significantly associated with pneumonic lesions (Sibila et al. 2007, Fablet 

et al. 2010) and, therefore, can substitute the necropsy of pigs, especially in the early 

stage of an infection (Moorkamp et al. 2008). However, performing bronchoalveolar 

lavage on-farm is time consuming and, moreover, demands special equipment and 

superior know-how of the technique. Moreover, the direct detection of 

M. hyopneumoniae has to be performed by polymerase chain reaction (PCR), which 

might be quite expensive for farmers, especially in those areas, where diagnostic is 

not funded by any public body. Avoiding the drawbacks of equipment, know-how and 

costs, veterinary practitioners often prefer the indirect detection of 
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M. hyopneumoniae by serology instead of direct detection by PCR on 

bronchoalveolar lavage fluid. In general, the diagnosis of several respiratory diseases 

can be based on indirect detection of pathogens by serological testing, but the 

interpretation of results from serological examination is a challenge, if animals have 

been vaccinated against the pathogen of interest (grosse Beilage, 2000). The 

vaccination of pigs against M. hyopneumoniae prepares animals for an anamnestic 

immune reaction and the concentration of serum antibodies distinctively increases 

after onset of an infection, but this has to be distinguished from “disease” 

(Haesebrouck et al., 2004). Therefore, seropositivity alone cannot be used as the 

only evidence in diagnosing enzootic pneumonia. In terms of a thorough diagnosis, 

the indirect detection of M. hyopneumoniae by using an enzyme-linked immuno-

sorbent assay (ELISA) has to be complemented with a second parameter predictive 

for porcine enzootic pneumonia. This could be an accurate assessment of dry and 

non-productive coughing, known to be typical for enzootic pneumonia in growing and 

finishing pigs. Noteworthy, benchmarking for the parameter “coughing” in case of 

enzootic pneumonia has never been performed and subjective rating by different 

investigators anticipates any comparability and reliability of corresponding data. 

 

The objective of the present study was to evaluate a quantitative measurement of the 

clinical symptom “coughing”, when enzootic pneumonia is suspected in groups of 

growing and finishing pigs. The “coughing index” (Bahnson, 1993) of fattening pigs 

was assessed in both, healthy and diseased, pig herds. Further, the association 

between “coughing” on the one hand and direct and indirect detection of 

M. hyopneumoniae on the other hand was examined. For this purpose, 

bronchoalveolar lavage fluids and blood from fattening pigs were collected and tested 

for specific genome fragments and antibodies, respectively. 
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Material and Methods 
 

 

Selection of herds 
 

The study was conducted in 59 herds, which were located in the North-Western part 

of Germany, where more than 50% of the German pig population is housed in the 

area of the two federal counties Lower Saxony and North-Rhine Westphalia. 

Recently, endemic infection of the pig population with M. hyopneumoniae has been 

described for this region (grosse Beilage et al., 2009). With regard to this 

observation, it was assumed that nearly all herds available for the present study 

might be infected with M. hyopneumoniae. Veterinary practitioners working in the 

geographical region mentioned above were asked to suggest either herds without a 

history/anamnesis of any respiratory disease in fattening pigs or herds, where 

chronic and recurrent respiratory diseases frequently occurred in fattening pigs. 

Inclusion criteria were a minimum herd size of 100 sows and their offspring in one-

site production system or a minimum herd size of 700 fattening pigs in two-site 

production systems, where a 1:1 supply relationship with the sow herd was 

established. Herds with antimicrobial treatment applied to fattening pigs within three 

weeks before examination were excluded. Peracute outbreak of coughing in fattening 

pigs and other age groups was another exclusion criterion, since this is unlikely for 

enzootic pneumonia in endemically infected herds and more likely for SIV infections. 

The study was performed under licence for experimenting on animals from the 

German Federal State Veterinary Administration Offices in Lower Saxony (LAVES, 

Oldenburg, license no. 33-42502-06A436) and in North-Rhine Westphalia (BRMS, 

Muenster, license no. 50.0835.3.0/A71/2006). 

 

 

Clinical examination 
 

In each herd, clinical examination was performed in a group of fattening pigs aged 18 

weeks or older. In order to quantify the variable “coughing”, a minimum of 20 pigs 

(e.g. pigs of one or two pens) were forced to move. Subsequently, onsets of coughing 

were counted for a period lasting exactly three minutes. This procedure was repeated 
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once with the same pigs and twice with a second batch of pigs at another location in 

the same compartment. The average coughing index was calculated by the number 

of onsets of coughing divided by the actual number of pigs observed and the six 

minutes of total observation period. In conclusion, the coughing index expresses the 

percentage of pigs showing an onset of coughing within one minute in the 

corresponding compartment. 

 

 

Sampling 
 

Bronchoalveolar lavage fluids were collected each time from 10 finishing pigs 

(≥18 weeks of age). When coughing was observed, the affected pigs were prioritised. 

If respiratory symptoms were absent, then pigs were selected by chance. The 

animals were restrained using an iron snare. After dry cleaning of the nose with a 

piece of cotton, a catheter of 95 cm length and 1.7 mm outer diameter (Figure 7; 

aspiration catheter for pigs, Model “Hannover II”, Walter Veterinaerinstrumente e.K., 

Rietzneundorf, 15910, Germany) was inserted through the ventral nasal passage into 

the pharynx. Immediately when a pig stopped shouting, the catheter was pushed 

forward through the wide open Rima glottis into the trachea and from there further 

into the lower airways. The success of reaching the trachea and not the oesophagus 

was easily assessable, since pigs showed spontaneous cough, when the catheter 

touched the tracheal epithelium. A volume of 20 to 25 mL sterile physiological saline 

solution was instilled and after three breaths was aspirated through the catheter. 

Samples were transferred into reaction tubes and stored at -20 C until further 

processing. 

The sample size for serological testing was calculated based on prevalences that 

were measured in a pilot study (data not shown). If a clinically relevant infection with 

M. hyopneumoniae was assumed, then seroprevalences of approximately 0.7 were 

observed within certain groups of finishing pigs. Considering a maximum group size 

of 200 finishing pigs of the same age within a study herd, the adjusted sample size 

was 20 (accepted error: 20%; level of confidence: 95%). These 20 blood samples per 

herd were always taken within the group of oldest finishing pigs, because highest 

prevalences were expected in this age group. Animals were selected by chance 

during a random walk, where five pigs per pen were initially marked with a coloured 
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spray. Afterwards, these pigs were restrained and blood was collected by puncture of 

the Vena jugularis externa. In the laboratory, the blood samples were stored in a 

freezer at 6 C for a minimum of 2 hours, in order to guarantee a sufficient clotting. 

After centrifugation at 2000 g for 10 minutes, serum was pipetted into reaction tubes 

and then stored at -20 C until further processing. 

 

 

Figure 7 Material used for bronchoalveolar lavage in fattening pigs 

From the left to the right: disposable cleaning paper, sterile saline solution, sterile 

syringe, sample tube, sterile catheter and iron snare 

 

 

Laboratory testing 
 

PCR for direct detection of M. hyopneumoniae 
 

The lavage fluids were examined by using 2 mL crude sample of each pig for PCR. 

After centrifugation at 18,000 g lasting 20 minutes, pellets were submitted to DNA 

isolation using a silica-membrane-based spin kit according to the manufacturer‟s 

instructions (QIAamp DNA Mini kit, Qiagen, Hilden, 40721, Germany). The nested 

PCR (Kurth et al., 2002), specific for M. hyopneumoniae, was followed by an agarose 

gel electrophoresis. Amplification products were visualised after staining the gel with 

ethidium bromide (0.1 μM) for 30 minutes. 
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ELISA for indirect detection of M. hyopneumoniae 
 

A commercial enzyme-linked immunosorbent assay was used to test the sera for 

antibodies against M. hyopneumoniae (HerdChek® M hyo, IDEXX Laboratories Inc., 

Maine, USA). In accordance with the manufacturer‟s instructions, a test result was 

considered indicative of M. hyopneumoniae, when the sample to positive control ratio 

(s/p-ratio) was equal to or greater than the cut-off value of 0.4. 

 

The s/p-ratios were calculated as: 

 

S/P = [ODsample - ODmean negative control] / [ODmean positive control - ODmean negative control] 

 

For the purpose of determining the mean prevalence of M. hyopneumoniae in each 

group of finishing pigs, seroprevalence was defined as the proportion of pigs 

seropositive to M. hyopneumoniae to all pigs tested. 
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Statistics 
 

Results from clinical examination and laboratory testing were entered into a spread-

sheet program (Excel for Office 2010; www.microsoft.com) and further analysed 

using SAS v9.1.2 (SAS Institute Inc., Cary, NC, USA). 

In-depth analysis included standard descriptive measures (PROC MEANS), linear 

regression analysis (PROC REG) and a graphical overview about logistical 

probabilities of PCR- and ELISA-results with coughing index as dependent variable 

and PCR and ELISA results, respectively, as independent variable. In order to 

estimate the chance of a high coughing index based on data from laboratory 

examination, an allocation of herds to different groups was made. Therefore, 

empirical cut-offs, e.g. <50% seropositives vs. ≥50% seropositives, were applied to 

differentiate between „low‟ and „high‟ prevalences in groups of fattening pigs. The 

data were re-analysed using logistic regression analysis (PROC LOGISTIC). The 

alpha level of statistical significance was set to 0.05. 

  

http://www.microsoft.com/
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Results 
 

 

Clinical examination and coughing index 
 

In total, 59 herds were included in this study. The clinical examination on-farm was 

performed on animals aged 18 to 23 weeks of life. The minimum number of fattening 

pigs per localisation to assess the coughing index was 20 and the maximum was 42. 

In herds, where respiratory diseases were present, fattening pigs usually show a dry 

and non-productive coughing. As a basic principle, slightly higher values for onsets of 

coughing were noted in the first period of observation than in the second period 

(Figure 8), but this differences do not appear as statistically different (p=0.1720). This 

was seen independently from localisation within a compartment, age of the pigs and 

time of day of observation. The mean coughing index was 2.6% (range: 0.0-6.8%) 

and the median was 2.4%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Boxplots of the coughing indices, measured in the first three 
minutes of observation (CI I), the second three minutes of 
observation (CI II) and the calculated average of both values 
(outliers are marked with an asterisk). 
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Detection of M. hyopneumoniae 
 

The laboratory analyses were performed on 590 bronchoalveolar lavage fluids and 

1,179 serum samples. These samples originated from fattening pigs aged 20 to 23 

weeks of life. M. hyopneumoniae infections were detected either directly by PCR, 

indirectly by ELISA or both methods in 91.5% (54/59) of all herds. The average 

detection rate of M. hyopneumoniae within herds was 61.7% by PCR (range: 0.0-

100%) and 63.4% by ELISA (range: 0.0-100%). 

 

 

Association between clinical symptoms and laboratory results 
 

In a first step, scatter plots were used to visualise the distribution of the outcome of 

all three variables. There was a positive association between coughing and detection 

rate of M. hyopneumoniae by PCR, coughing and detection of the pathogen by 

ELISA, as well as results from PCR and ELISA (data not shown). Using univariate 

statistical analyses, high variation of the coughing index, the detection rate of 

M. hyopneumoniae by PCR and the detection of M. hyopneumoniae specific 

antibodies by ELISA within and between herds were found supporting the decision to 

categorise the results of the independent variables (PCR-positivity and ELISA-

positivity). 

In a second step, the outcome of the two parameters, detection rate of 

M. hyopneumoniae by PCR and ELISA, were coded dichotomous: detection rates 

<50% were coded with “0” and detection rates ≥50% with “1”. The eligibility and 

plausibility were tested by comparing the coughing indices for each outcome 

separately (Figure 9). The mean coughing index was significantly higher in PCR 

group “1” (p=0.0031) and in ELISA group “1” (p=0.0019) than in corresponding 

groups “0”. Moreover, the consistency of grouping based on results from PCR and 

ELISA was tested by logistic regression analyses. Plotting the logistic probability of 

high detection rates of M. Figure 10 
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Figure 9 Average coughing indices and standard deviation in groups with 
<50% or ≥50% prevalence of M. hyopneumoniae tested by PCR and 
ELISA, respectively. 
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Figure 10  Two-dimensional probability plot describing the association 
between the coughing-index and positivity of PCR and ELISA 
(<50% prevalence vs. ≥50% prevalence), respectively, in groups of 
fattening pigs. 
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Finally, the clinically predictive value of the coughing index was estimated by 

calculating odds ratios for certain events. Herds showing a high coughing index also 

have a higher chance of M. hyopneumoniae prevalences equal to or above 50% 

using PCR for pathogen detection (Table 2). This risk was increased by 76% (odds 

ratio: 1.762; 95% CI: 1.141-2.719). A similar result was seen for herds with a high 

coughing index and M. hyopneumoniae detection by ELISA. Where seroprevalences 

were equal to or higher than 50%, the risk for a high coughing index was increased 

by 50% (odds ratio: 1.501; 95% CI: 1.026-2.195). 

 

 

 

Table 2 Distribution of herds by prevalences of M. hyopneumoniae, 
detected by “PCR” and “ELISA”, and the mean coughing index of 
each group. 

  
ELISA group “0” 

(<50% prevalence) 

ELISA group “1” 

(≥50% prevalence) 

PCR group “0” 

(<50% prevalence) 

Number of herds 

(n) 
10 8 

Average coughing 

index (%) 
1.22 2.10 

PCR group “1” 

(≥50% prevalence) 

Number of herds 

(n) 
9 32 

Average coughing 

index (%) 
2.86 2.95 
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Discussion 
 

 

A rapid and accurate strategy to diagnose porcine enzootic pneumonia is a 

prerequisite to provide efficient treatment procedures and to support prevention 

programmes in pig farms. Clinical symptoms and lung lesions can lead to a tentative 

diagnosis, but laboratory testing is necessary for a conclusive diagnosis (Thacker, 

2004). In the present study, the feasibility of a quantitative measurement of clinical 

symptoms was examined and its association to results from laboratory testing were 

evaluated. It was hypothesised that a standardised assessment of dry and non-

productive coughing in groups of fattening pigs can improve the diagnostic value of a 

clinical examination. To the knowledge of the authors this study is the first one 

describing the use of the coughing index (Bahnson, 1993) for this purpose. 

 

Pneumonia in fattening pigs and the occurrence of coughing, which was measured in 

this study, can be caused by various infectious agents. The porcine respiratory 

disease complex (PRDC) in 16 to 20 weeks old pigs can be comprised by infections 

with M. hyopneumoniae, A. pleuropneumoniae, PRRSV and SIV (Thacker, 2006), 

complicated by secondary infections with various other bacterial pathogens (e.g. 

Pasteurella multocida, Bordetella bronchiseptica, etc.). Therefore, the study results 

could be confounded by either multiple infections or current absence of 

M. hyopneumoniae due to an endured infection and presence of another primary 

pathogen as cause of coughing. To circumvent this probable confounding, an 

intentional selection bias was introduced during the design of this study: only those 

herds were examined, where the herd attending practitioners observed either no 

clinical symptoms of pneumonia or chronic and recurrent respiratory diseases in 

fattening pigs. The consistency of study results, the high prevalence of 

M. hyopneumoniae on herd level (91.5%) and the strong associations between 

coughing and frequency of detecting M. hyopneumoniae indicate a negligible 

influence of potentially concurrent infections. 

 

The gold standard of diagnosing an infection with M. hyopneumoniae is the cultural 

isolation of the organism (Friis, 1975). However, this method is very laborious and 

time consuming and today is not recommended for routine diagnosis (Maes et al., 
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2008). At present, the detection of M. hyopneumoniae by PCR testing is seen as the 

most sensitive tool and numerous of reliable and feasible assays have been 

described (Staerk et al. 1998; Calsamiglia et al., 1999; Kurth et al., 2002; Dubosson 

et al., 2004; Strait et al, 2008). In the present study, a nested PCR (Kurth et al. 2002) 

was used to determine the M. hyopneumoniae infection status of pigs by examining 

their bronchoalveolar lavage fluids. In 41 out of 59 herds, the pathogen was found in 

≥50% of the study pigs. The detection rate of M. hyopneumoniae was statistically 

significant associated with the coughing index of the same herds. Within the 41 herds 

with high frequency of M. hyopneumoniae in lavage fluids, the corresponding clinical 

symptoms were remarkably expressed by a mean coughing index >2.5%. This 

observation facilitates the assumption that herds with a high coughing index, usually 

based on dry and non-productive coughs, were really suffering from enzootic 

pneumonia, at least within the groups of studied animals. 

Recently, it has been demonstrated that PCR results from lavage fluid are predictive 

for the extent of typical lung lesions in the same pigs (Moorkamp et al., 2008; Fablet 

et al., 2010). Therefore, it was even expected that positivity of lavage fluids will also 

be associated with clinical symptoms, since these are reflective of corresponding 

lesions in the lung tissue (Sørensen et al., 1997). Considering the mean coughing 

indices observed in groups with <50% detection rate and ≥50% detection rate of 

M. hyopneumoniae and the according odds ratio of 1.76, the equivalence between 

coughing index and pathogen detection is an admissible hypothesis. 

 

The intention to substitute the PCR testing for M. hyopneumoniae, when examining 

herds for enzootic pneumonia, is based on two major disadvantages of this method: 

the costs and the appropriate sampling site. Beside its high sensitivity and specificity, 

the fast processing and the feasibility of the technique, PCR is still an expensive 

method (15-25 €/sample) compared to ELISA (5-10 €/sample). The other concern is 

the sample site, which is exclusively comprised by lung tissue or bronchoalveolar 

lavage fluids in case of testing animals from endemically infected herds (Zeeh et al., 

2005). This fact gets even more relevant, when an appropriate sample size has to be 

examined for accurate diagnoses on herd level, since the sampling of lung tissue is 

usually combined with loss of animals. Lung tissue from slaughtered pigs would be 

an appropriate alternative, but trading of fattening pigs to slaughter plants in far 

distances often prohibits this option. Nasal swabs from pigs can be used in 
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monitoring and surveillance systems in order to control the absence of 

M. hyopneumoniae (Zeeh et al., 2005), but in case of clinical disease the results of 

their examination are not predictive (Sibila et al., 2007) and sensitivity is low 

compared to other sample sites (Fablet et al., 2010).  

 

Serology can be used to show presence of M. hyopneumoniae at a herd level, but is 

not suited for diagnosis on individual animals (Sørensen et al., 1997). In the present 

study, serology was used to determine the relevance of M. hyopneumoniae infections 

on a group level, accounting that antibodies in serum of fattening pigs are not lasting 

from vaccination during their suckling period but are indicative for a recent infection 

(Maes et al., 2008). The review of serological results also considered the coughing 

index and the direct detection of M. hyopneumoniae by PCR. In five out of six herds, 

where all 20 animals had been tested negative by ELISA, PCR tests were also 

negative and the mean coughing index was only 0.94%. Vice versa, strong 

association was observed between high coughing indices and seroprevalences ≥0.5. 

It can be supposed that five herds were really free of M. hyopneumoniae, since an 

adequate sample size has been tested by different methods including clinical 

examination and pathogen detection, this leading to an admissive diagnosis in terms 

of enzootic pneumonia (Zeeh et al., 2005). Noteworthy, a part of the remaining 14 

herds with a seroprevalence <0.5 demonstrated a remarkable coughing index. The 

presence of another primary pathogen of the respiratory tract could have been a 

reason, as well as the possibility that sampling took place earlier than seroconversion 

appeared. However, in nine of these 14 herds, M. hyopneumoniae was detected in 

more than 50% of all lavage fluid indicating an acute infection. This finding and the 

following suggestion complies with the observation that the mean coughing index in 

this group was significantly higher (2.86%) than in the group with M. hyopneumoniae 

prevalence <50% in both assays (1.22%). In accordance to previous studies, where 

clinical scores or semi quantitative measures were used in combination with serology 

(Sorensen et al., 1997; Leon et al., 2001), the quantitative assessment of onsets of 

coughing can support the diagnosis of enzootic pneumonia on a group level. 
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Conclusion 
 

 

The accurate and thorough diagnosis of enzootic pneumonia on herd level should be 

based on a combination of different methods. Within this complex, the merit of clinical 

examination usually was rated low compared to the direct detection of 

M. hyopneumoniae in lung lesions or other sample sites by PCR or other modern 

techniques. In the present study it was shown that in fattening pigs a quantitative 

assessment of onsets of coughing - typically dry and non-productive - can improve 

an admissive diagnosis that also considers seroprevalence of M. hyopneumoniae in 

the affected age group. If the coughing index is ≥2.5% and the seroprevalence ≥0.5, 

then enzootic pneumonia is high likely. Vice versa, a diagnosis of enzootic 

pneumonia in fattening pigs would be doubtful, if the coughing index is clearly <2.5% 

and seroprevalence <0.5. 
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Abstract 
 

 

The aim of the present study was to examine potential risk factors for the occurrence 

of enzootic pneumonia in herds situated in a region of high pig density, where nearly 

all herds are endemically infected with M. hyopneumoniae. Between 2006 and 2010 

a case-control study in 112 herds was conducted, where epidemiological data were 

assessed by personal interview with the farmers, clinical examination of pigs and 

their environments, and finally, serological testing for M. hyopneumoniae, swine 

influenza virus (SIV) and porcine reproductive and respiratory syndrome virus 

(PRRSV). In 40 case herds (coughing index ≥2.5%, seroprevalence ≥0.5), the mean 

coughing index was 4.3% and seroprevalence was 86.6%. In 25 control I herds 

(coughing index <2.5%, seroprevalence <0.5) values were 0.7% and 11.2% and in 

35 herds allocated to control II (coughing index <2.5%, seroprevalence ≥0.5) were 

characterised by a mean coughing index of 0.9% and a seroprevalence of 86.3%. 

Finally, models for different subsets of parameters were evaluated. The number of 

statistically significant factors in the model „frequent transmission of 

M. hyopneumoniae‟ (control II vs. control I) was: 2; „outbreak of clinical disease‟ 

(case vs. control II): 10; „frequent transmission & outbreak of clinical disease‟ (case 

vs. control I): 14. Several risk factors already known could be confirmed. New 

aspects, namely reproductive performance of the sow herd, the duration of the 

suckling period and the time of applying M. hyopneumoniae vaccines to suckling pigs 

have been identified to have an impact on the occurrence of enzootic pneumonia in 

fattening pigs. 

 

(242 words) 
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Introduction 
 

 

Mycoplasma hyopneumoniae is the causative agent of porcine enzootic pneumonia 

(EP) and contributes significantly to the porcine respiratory disease complex. The 

development and severity of enzootic pneumonia is influenced by various factors 

including management, hygiene, vaccination etc. (Staerk 1998; Maes et al., 1999b; 

Maes et al., 2000). Moreover, the course of enzootic pneumonia depends on the 

virulence of the M. hyopneumoniae strain affecting the pigs (Vicca et al., 2003). 

Noteworthy, only few studies, focusing on environmental factors and management, 

have been carried out during the last two decades, although methods for antigen 

detection as well as pig production and pig housing conditions have changed 

significantly. In former decades, several risk factors for a pig herd to become (re-) 

infected with M. hyopneumoniae have been described. In regions of endemically 

infected populations, restocking policy (e.g. purchasing replacement gilts), the 

distance to neighbouring pig farms and the distance to the next countryside highway 

can increase the risk for spread of M. hyopneumoniae between herds (Staerk et al., 

1992; Thomsen et al., 1992; Staerk, 1998; Maes et al., 2000). Beside these risks for 

an individual herd, there are also reports focusing on the intra-herd situation. Using 

serological follow up, it was shown that direct contact between animals (Morris et al., 

1995) and insufficient separation of different age and production stages (Clark et al., 

1991) enhance the transmission of the infection and the severity of disease. The 

occurrence of enzootic pneumonia is further influenced by stocking density and the 

total number of pigs in each compartment (Tuovinen et al., 1990). In a recent study, 

the influence of piglet vaccination against M. hyopneumoniae, farrowing rhythm and 

insufficient boar acclimatisation on seropositivity of sows was shown (grosse Beilage 

et al., 2009). The control of enzootic pneumonia can be accomplished by elimination 

of risk factors, strategic medication and vaccination (Maes et al., 2008). However, 

this requires in-depth knowledge about the risks, as well as adaption of former 

hypotheses to recent developments and current situations in modern pig production 

systems. 
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The aim of the present study was to examine potential risk factors for the occurrence 

of enzootic pneumonia in a region of high pig density, where a majority of herds is 

endemically infected with M. hyopneumoniae. It was further aimed to quantify the risk 

in order to weight the various factors according to their relevance in terms of 

provoking enzootic pneumonia. Therefore, a case-control study was conducted, 

where data were assessed by personal interview with the farmers, clinical 

examination of pigs and their environments, and finally, serological testing for 

M. hyopneumoniae, swine influenza virus (SIV) and porcine reproductive and 

respiratory syndrome virus (PRRSV). 
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Material and Methods 
 

 

Herd enrolment and selection criteria 
 

The case-control study was carried out between 2006 and 2010, covering all 

seasons of each year. Only one-site or two-site production systems with a 1:1 supply 

relationship were included in the study ensuring the availability of entire information 

from all production stages. Veterinary practitioners from a region covering the north-

western part of Lower Saxony and the adjacent North of North Rhine Westphalia, 

Germany, were ask to announce herds matching the following criteria: a case herd 

should have recurrent problems with chronic respiratory disease among fattening 

pigs older than 16 weeks of age; a control herd should have no respiratory problems 

in the same age group, at least during the last 12 months. Further principal inclusion 

criteria were a herd size greater than 100 sows and no vaccination of sows against 

M. hyopneumoniae. 

The study was performed under licence for experimenting on animals from the 

German Federal State Veterinary Administration Offices in Lower Saxony (LAVES, 

Oldenburg, license no. 33-42502-06A436) and in North-Rhine Westphalia (BRMS, 

Muenster, license no. 50.0835.3.0/A71/2006). 

 

Data collection and clinical examination 
 

The information on herd level was captured with a structured and standardised 

questionnaire, consisting of 113 closed (e.g. yes/no) and 75 semi-closed (e.g. 

frequencies of procedures) questions on numerous aspects of herd management, 

husbandry and environment. It was hypothesised that all these variables could be 

related to the occurrence of the M. hyopneumoniae infection and/or the severity of 

enzootic pneumonia. The questionnaire was pre-tested on ten herds by the first 

author (investigator). 
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All herds were visited once and all questionnaires were filled out by the one 

investigator only to avoid any observer variation. The investigator started the herd 

visit with a face-to-face interview of the producer. This was followed by an inspection 

of the entire pig herd where the given answers were assessed, facilitating on-site 

verification. Farmer's answers being not in accordance with the actual conditions 

were corrected by the investigator. 

Clinical examination was performed in a group of fattening pigs aged 18 weeks or 

older. In order to quantify the variable “coughing”, a minimum of 20 pigs (e.g. pigs of 

one or two pens) were forced to move. Subsequently, onsets of coughing were 

counted for a period of three minutes. This procedure was repeated once with the 

same pigs and twice with a second batch of pigs at another location in the same 

compartment. The coughing index was calculated by the quantity of onsets of 

coughing divided by the number of pigs observed and the six minutes of observation. 

In conclusion, the coughing index expresses the percentage of pigs showing an 

onset of coughing within one minute in the corresponding compartment. 

 

Sample size and sample collection 
 

The sample sizes for serological testing within the herds were calculated based on 

prevalences that were measured in a pilot study (data not shown). If a clinically 

relevant infection with either M. hyopneumoniae, SIV or both was assumed, then 

seroprevalences of approximately 70% were observed within certain groups of 

finishing pigs. Considering a maximum group size of 200 finishing pigs of the same 

age within a study herd, the adjusted sample size was 20 (accepted error: 20%; level 

of confidence: 95%). PRRSV is known to be more contagious than the other agents 

and the seroprevalence was estimated being 90%. Therefore, only 10 samples had 

to be examined for PRRSV specific antibodies (accepted error: 20%; level of 

confidence: 95%). The 20 blood samples per herd were always taken within the 

group of oldest finishing pigs, because highest seroprevalences were expected in 

this age group. Animals were selected by chance during a random walk, where five 

pigs per pen were initially marked with a coloured spray. Afterwards, pigs were 
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restrained and blood was collected by puncture of the Vena jugularis externa. In the 

laboratory, the blood samples were stored (6 °C, 2 hours) to guarantee a sufficient 

clotting. After centrifugation (2000 g, 10 minutes) serum was pipetted into reaction 

tubes and then stored at -20 °C until further processing. 

 

Serological testing 
 

Serum samples were tested in the accredited laboratory of the Field Station for 

Epidemiology, University of Veterinary Medicine, Hannover (accreditation number 

AKS-P-20319-EU). Four commercial enzyme-linked immunosorbent assays (ELISA) 

were used to test the sera for antibodies against major respiratory pathogens: 

HerdChek® M. hyo, HerdChek® PRRS 2XR, HerdChek® Swine Influenza Virus H1N1 

and HerdChek® Swine Influenza virus H3N2 (all IDEXX Laboratories Inc., Maine, 

USA). In accordance with the manufacturer‟s instructions, a test result was 

considered indicative of M. hyopneumoniae, PRRSV or SIV infection, when the 

sample to positive control ratio (s/p-ratio) was equal to or greater than the cut-off 

value of 0.4. 

 

The s/p-ratios were calculated as: 

 

S/P = [ODsample - ODmean negative control] / [ODmean positive control - ODmean negative control] 

 

Evaluation of each test demonstrated sufficient values of sensitivity in acutely 

infected herds (94.0% to 97.4%) and specificity on herd level (99.6% to 99.7%; data 

provided by the manufacturer). For the purpose of determining the mean prevalence 

of the four different agents in each group of finishing pigs, seroprevalence was 

defined as the proportion of pigs seropositive to the correspondent agent to all pigs 

tested. 

 

  



88  Chapter IV 

Statistical analyses 
 

Questionnaire and laboratory data were entered into a structured database (Access® 

for Office 2010; www.microsoft.com). Further data management and statistical 

analysis was performed with SAS v9.1.2 (SAS Institute Inc., Cary, NC, USA). 

Verification of case and control was conducted by setting two thresholds: a control I-

herd is characterised by a seroprevalence to M. hyopneumoniae <0.5 and a 

coughing index <2.5%. Contrary, a case-herd has a seroprevalence ≥0.5 and a 

coughing index ≥2.5%. If only seroprevalence was breaking through the threshold 

and coughing index was not, then herds were allocated to a third group named 

“control II”. Those herds showing a high coughing index but low prevalence to 

M. hyopneumoniae were excluded from further analysis, since any other respiratory 

disease than enzootic pneumonia is more likely. 

In a first step, data were analysed by Chi-square test or by Fisher's exact test when a 

small sample size necessitated this (PROC FREQ). Moreover, a descriptive 

summary was performed for metric variables (PROC MEANS). The comparison was 

conducted with three different comparisons: case vs. control I (CC1), case vs. control 

II (CC2) and control II vs. I (CC3).  

Factors with equal or similar distribution (p>0.2) in all combinations (CC1, CC2 and 

CC3) were excluded from further analyses within a forward selection process for 

statistical modelling using logistic regression analyses (PROC LOGIT) (Table 1 & 2). 

Since the size of a pig herd (e.g. number of gilts and sows per herd) may act as a 

confounder it was aimed to include the farm size in all further analyses. To increase 

the overall power multi-factor logistic regression with herd size as a continuous risk 

factor was used.  

For multi-factor analysis, up to five potential risk factors belonging to the same subset 

of corresponding variates were submitted to a series of final models. If the stability 

and/or validity of a model were unlikely due to distribution of variates (e.g. cell count 

= 0), those parameters were omitted for further analyses. 

  

http://www.microsoft.com/
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Results 
 

 

Descriptive data 
 

Between 2006 and 2010, 112 herds were epidemiologically characterised by a 

questionnaire and examined for the occurrence of chronic respiratory diseases in 

fattening pigs. The pig herds were usually family-owned and coached by one of 30 

different veterinary practitioners, who had announced herds for the purpose of this 

case-control study. 

 

The mean coughing index in the study herds was 2.7% (95% CI: 0.0 - 6.8%) and the 

mean seroprevalence of M. hyopneumoniae was 62.9% ranging from 0.0% to 100%. 

Twelve herds neither matched the criteria for case, control I nor control II were 

excluded from in-depth analysis. The remaining herds were allocated to the three 

groups based on the empirical thresholds for the coughing index (2.5%) and the 

seroprevalence of M. hyopneumoniae (50%). In 40 herds, designated as cases, the 

mean coughing index was 4.3% (95% CI: 2.7 - 8.5) and seroprevalence to 

M. hyopneumoniae was 86.6% (95% CI: 57.5 - 100.0). In the 25 control I herds 

values were 0.7% (95% CI: 0.0 - 2.4) and 11.2% (95% CI: 0.0 - 35.0). The 35 herds 

allocated to control II were characterised by a mean coughing index of 0.9% (95% CI: 

0.0 - 2.3) and a seroprevalence to M. hyopneumoniae of 86.3% (95% CI: 60.0 -

 100.0). 

 

The individual herd size comprised by the number of gilts and sows, which was used 

as matching variable whilst herds were selected for the study, averaged 645 (95% 

CI: 114 - 2,678) in case herds, 389 (95% CI: 129 - 1,525) in control I and 534 (95% 

CI: 115 - 2,450) in control II herds. Differences in average herd size between the 

three groups were not statistically significant (p=0.4868). 
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Risk factors 
 

The factors (Table 3 and Table 4) were further divided into seven suitable subsets to 

ensure a better overview. Each individual factor was considered initially by 

conducting a logistic regression analysis to examine the odds ratio of the respective 

factor levels whilst two of the three groups were compared with each other (CC1, 

CC2 and CC3; Table 5 to Table 11). 

 

 

Footnotes of Table 3: 

Y/N = yes/no; M.hyo = Mycoplasma hyopneumoniae 

PRRSV = porcine reproductive and respiratory syndrom virus 

PRA = progressive rhinitis athrophicans 

SIV = swine influenza virus 

APP = Actinobacillus pleuropneumoniae; 

* = assessed before on-farm examination took place, since vaccination of 

sows against M. hyopneumoniae would have been an exclusion criteria 

– = not included in the questionnaire 

o = assessed, but omitted from further analysis (p>0.2) 

+ = assessed and submitted to further analysis (p≤0.2) 

 

 

Footnotes of Table 4: 

Y/N = yes/no; M.hyo = Mycoplasma hyopneumoniae 

– = not included in the questionnaire 

o = assessed, but omitted from further analysis (p>0.2) 

+ = assessed and submitted to further analysis (p≤0.2) 
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Table 3 List of variables describing the management in different age 
groups of pigs and indication of their distribution regarding case 
or control status 

Variable 

S
o

w
s
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c
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 p
ig

s
 

N
u

rs
e

ry
 p

ig
s

 

F
a
tt

e
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in
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 p
ig

s
 

G
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R
e
p
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e
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e
n

t 

b
o

a
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Routine antibiotic treatment (Y/N) – + + + – – 

- Substance – + + + – – 

- Application – + – o – – 

- Duration / Frequency – + + o – – 

Vaccination against M.hyo * + o o + + 

- Product * – o o + + 

- Time * + o o – – 

- Frequency * + o o + + 

Vaccination against PRRSV o + o o + o 

- Product o + o o + o 

- Time o o o o – – 

- Frequency o o o o + o 

Vaccination against PRA o o o o o o 

- Product o o o o o o 

- Time o o o o o o 

- Frequency o o o o o o 

Vaccination against SIV o o o o o o 

- Product o o o o o o 

- Time o o o o o o 

- Frequency o o o o o o 

Vaccination against APP o o o o + o 

- Product o o o o + o 

- Time o o o o o o 

- Frequency o o o o o o 

Replacement policy – – – – + + 

- Frequency of purchase – – – – + + 

- Number of purchasers – – – – + + 

- Animals per purchase – – – – + + 

- Age at purchase – – – – + + 

Acclimatisation practise – – – – + o 

- Duration (weeks) – – – – + o 

- Contact (animals, faeces, etc.) – – – – + o 
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Table 4 List of variables describing the housing of different age groups of 
pigs and indication of their distribution regarding case or control 
status 

Variable 

F
a
rr

o
w

in
g

 u
n

it
 

N
u

rs
e

ry
 u

n
it

s
 

F
a
tt

e
n

in
g

 u
n

it
 

G
il
t 

a
c
c
li
m

a
ti

s
a
ti

o
n

 

B
o

a
r 

a
c
c
li
m

a
ti

s
a
ti

o
n

 

Separation from other units + + + + o 

Age of the building (years) o + + o o 

All-in-all-out policy [compartment] (Y/N) + o + + + 

- Idle time (days) + o + + o 

- Cleaning (Y/N) o o + + o 

- Disinfection (Y/N) o o + + o 

Age variation within a compartment (days) + o o o o 

Animals per pen (n) – o + o o 

Pens per compartment (n) o o o o + 

Animals per compartment (n) o o + o o 

Surface per pen (m
2
) – o + + + 

Surface per compartment (m
2
) – o + + o 

Volume per compartment (m
3
) – o + o o 

Surface per animal [pen] (n/m
2
) – + + + o 

Surface per animal [compartment] (n/m
2
) – + + + o 

Volume per animal (compartment) (n/m
3
) – + o + o 

Floor in the pens (fully slatted, closed, etc.) + o o o o 

Heating system (gas, hot water, etc.) + o + o o 

Pen walls (closed/open) – o o + o 

Feeding system (liquid, dry, etc.) – o o o o 

Animals per feeding place (N/n) – + + o o 

Animals per drinking place (N/n) – o + o o 

Air inlet (fan, door, etc.) o o + o o 

Air outlet (fan, door, etc.) + o + o o 

Storage of manure (inside/outside) o o o + o 
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General herd factors 
 

In 85.0% (34/40) of all case herds, production units and production stages were 

separated into different buildings (e.g. farrowing unit, nursery unit, fattening unit, 

etc.). Contrary, less strict separation was found in control I and II herds, being 56.0% 

(14/25) and 71.0% (25/35), respectively. The sow herd productivity assessed by total 

born, life born and weaned piglets per sow and year was significantly differing 

between the groups (Table 5). Highest figures were noted in control I herds, where 

25 piglets were weaned per sow and year. Control II and case herds were 

characterised by an average of 23 piglets per sow and year. Within the subset 

„general herd factors‟, no other factors were identified documenting considerable 

differences. 

 

Pig flow 
 

The average age of piglets at weaning was higher in case herds (26 days), than in 

control I (23 days) and control II herds (25 days). Moreover, the possibility of contact 

between fattening pigs of different age was varying between the three groups. In 

52.5% (21/40) of all case herds, a short term contact of several minutes to some 

hours between fattening pigs of different age during restocking of single 

compartments was confirmed. Similar situations were found in 20.0% (5/25) of the 

control I and 34.3% (12/35) of control II herds. Other factors describing the within-

herd pig flow were not significantly different between study groups (Table 6). 

 

Hygiene measures 
 

There were no significant differences between cases and controls regarding „strict all-

in/all-out policy‟, „cleaning‟ and „disinfection‟ of compartments. Notwithstanding, the 

idle time of the farrowing unit was significantly longer in case herds (4 days), than in 

control I (2 days) and control II herds (3 days) (Table 7). 
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Vaccination strategies 
 

The application of vaccines to suckling pigs was varying between the three study 

groups. Piglets in case herds received a one-shot vaccine against 

M. hyopneumoniae earlier than in a control I or control II herd. In 68.8% (11/16) of all 

case herds, using one-shot vaccines against M. hyopneumoniae, the vaccine was 

administrated to suckling pigs during their first or second week of life. In contrast, 

only 23.1% (3/13) of control I and 35.3% (6/17) of control II herds used the same time 

frame (Table 8). Other vaccines applied to suckling pigs, nursery pigs, fattening pigs, 

gilts, sows or replacement boars including the individual time schedule of their 

application did not differ significantly between the case and control groups of this 

study. 

 

Antimicrobial treatment 
 

Two different types of treatment policy in pig herds were examined in this study: 

routine antibiotic treatment applied to suckling, nursery or fattening pigs and 

facultative antibiotic treatment applied to fattening pigs due to the occurrence of 

pneumonia during the finishing phase (bodyweight between 50 and 100 

kilogrammes). Suckling pigs aged three weeks were by trend treated more often with 

substances effective against M. hyopneumoniae in control II (20.0%; 7/35), than in 

control I herds (16.0%; 4/25) or cases (2.5%; 1/40). A contrary situation was found 

for routine antibiotic treatment in fattening pigs, which is usually applied subsequently 

after moving nursery pigs to the fattening barns. In 12.9% (4/35) of control II, 24.0% 

(6/25) of control I and 32.5% (13/40) of case herds, pigs were routinely treated with 

substances effective against M. hyopneumoniae. Facultative treatment due to 

respiratory diseases in ≥50% of all batches of growing and finishing pigs was carried 

out in 75.0% (30/40) of all case herds, 34.3% (12/35) of control II and 32.0% (8/25) of 

control I herds (Table 9). 
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Husbandry 
 

Trends were observed for the factors „age of farrowing unit‟, „total compartment size 

of fattening units‟ and „total air volume of fattening units‟ (Table 10). Significant 

differences were seen in the „pen sizes in the fattening unit‟ and the „number of 

fattening pigs per pen‟. Space per pen averaged 19.8m2 (95% CI: 6.7 - 61.2) in case 

herds, 11.0m2 (95% CI: 6.4 - 19.8) in control II and 12.1m2 (95% CI: 8.1 - 21.7) in 

control I herds. The average number of fattening pigs per pen was 25.8 (95% CI: 9 -

 73) in cases, 14.7 (95% CI: 8 - 30) in controls II and 15.5 (95% CI: 10 - 27) in 

controls I. Furthermore, the routeing of air flow in fattening barns was significantly 

varying between study groups. Air inlet through the compartment door was most 

frequently installed in control I (56.0%; 14/25) and control II herds (60.0%; 21/35), 

whereas 67.5% (27/40) of case herds used a perforated ceiling or damper in the side 

walls as air inlet. For the purpose of air outlet, in 87.5% (35/40) of all case and 91.4% 

of all control II herds a fan was running. Contrary, only 68.0% (17/25) of controls I 

were using this system instead of subsurface exhaustion. 

 

Replacement policy 
 

In terms of acclimatisation, a major difference was observed in exposure of 

purchased pigs to the particular flora of the new herd. In 57.1% (12/21) and 87.5% 

(7/8) control I herds, purchasing animals for the replacement of breeding pigs, gilts 

and replacement boars, respectively, got in a direct contact to pigs from the actual 

herd during acclimatisation period (Table 11). Equivalent figures were 26.1% (6/23) 

and 36.4% (4/11) in case herds and accordingly 28.0% (7/25) and 35.7% (5/14) in 

controls II. In the remaining herds, purchased pigs got no contact or were exposed to 

faeces and placenta only. 
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Table 5 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„General herd factors‟ describing the risk of herds having a low or 
high seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined 
with a low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „General herd factors 

Separation of production 
units into different buildings 

No 0.28 
(0.08-0.98) 

0.0454 

0.42 
(0.13-1.32) 

0.1377 

0.75 
(0.25-2.26) 

0.6053 

 Yes 1 1 1 

Farrowing rhythm 2- or 4-week 
interval or no 

interval 

0.35 
(0.11-1.13) 

0.0796 

0.42 
(0.14-1.25) 

0.1170 

0.87 
(0.29-2.58) 

0.7988 

 
1- or 3- week 

interval 1 1 1 

Total born piglets per sow and 
year 

+1 piglet 0.84 
(0.71-0.99) 

0.0385 

0.96 
(0.82-1.13) 

0.6442 

0.85 
(0.71-1.01) 

0.0660 

Dead born piglets per sow and 
year 

+0.5 piglet 0.90 
(0.28-2.87) 

0.8576 

0.75 
(0.24-2.29) 

0.6109 

1.35 
(0.30-5.99) 

0.6963 

Live born piglets per sow and 
year 

+1 piglet 0.79 
(0.65-0.97) 

0.0217 

0.97 
(0.80-1.17) 

0.7180 

0.79 
(0.64-0.98) 

0.0286 

Pre-weaning mortality in piglets 
per sow and year 

+0.5 piglet 0.79 
(0.37-1.67) 

0.5320 

0.68 
(0.31-1.45) 

0.3156 

1.08 
(0.49-2.38) 

0.8461 

Weaned piglets per sow and 
year 

+1 piglet 0.65 
(0.48-0.89) 

0.0069 

1.02 
(0.80-1.31) 

0.8541 

0.64 
(0.47-0.87) 

0.0047 

Factors with p<0.1 are marked in bold 
CC1: case vs. control I 
CC2: case vs. control II 
CC3: control II vs. control I 
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Table 6 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Pig flow‟ describing the risk of herds having a low or high 
seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined with a 
low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Pig flow‟ 

Variation of piglets´ age in 
days within compartments of 
the farrowing units 

+1 day 1.12 
(0.98-1.29) 

0.100 

1.01 
(0.92-1.11) 

0.7855 

1.10 
(0.96-1.25) 

0.1753 

Age of piglets at weaning +1 day 1.29 
(1.08-1.55) 

0.0049 

1.09 
(0.95-1.25) 

0.2378 

1.18 
(0.99-1.39) 

0.0596 

Contact between nursery pigs of 
different age during restocking 
of compartments 

Yes 3.85 
(0.75-19.71) 

0.1057 

1.44 
(0.47-4.41) 

0.5209 

2.68 
(0.50-14.42) 

0.2497 

 No 1 1 1 

Contact between fattening 
pigs of different ages during 
restocking of compartments 

Yes 4.91 
(1.51-16.01) 

0.0083 

2.28 
(0.88-5.93) 

0.0903 

2.47 
(0.72-8.51) 

0.1509 

 No 1 1 1 

Footnotes: see Table 5 
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Table 7 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Hygiene measures‟ describing the risk of herds having a low or 
high seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined 
with a low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Hygiene measures‟ 

Strict all-in/all-out policy in the 
acclimatisation unit for 
replacement boars 

No 0.94 
(0.05-18.43) 

0.9692 

0.37 
(0.03-4.22) 

0.4206 

1.735 
(0.14-21.62) 

0.6684 

 Yes 1 1 1 

Strict all-in/all-out policy in 
the fattening units 

No 2.74 
(0.95-7.91) 

0.0617 

1.34 
(0.51-3.52) 

0.5568 

2.00 
(0.70-5.74) 

0.1975 

 Yes 1 1 1 

Cleaning of fattening units 
before restocking 

No 3.60 
(0.68-18.98) 

0.1321 

1.66 
(0.47-5.80) 

0.4310 

2.27 
(0.39-13.12) 

0.3603 

 Yes 1 1 1 

Disinfection of fattening units 
before restocking 

No 2.32 
(0.64-8.37) 

0.1979 

0.73 
(0.28-1.91) 

0.5181 

3.21 
(0.89-11.56) 

0.0753 

 Yes    

Idle time of the farrowing unit +1 day 1.23 
(1.02-1.49) 

0.0306 

1.18 
(1.00-1.37) 

0.0567 

1.11 
(0.89-1.38) 

0.3684 

Idle time of the fattening unit +1 day 0.82 
(0.67-1.01) 

0.0563 

0.98 
(0.71-1.14) 

0.6665 

0.863 
(0.71-1.05) 

0.1435 

Footnotes: see Table 5 
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Table 8 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Vaccination concepts‟ describing the risk of herds having a low or 
high seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined 
with a low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Vaccination concept‟ 

Vaccination of suckling pigs 
against M. hyopneumoniae / 
Age at time of vaccination 

1- or 2- 
weeks 

7.09 
(1.21-41.67) 

0.0302 

5.16 
(1.07-24.90) 

0.0408 

1.51 
(0.26-8.68) 

0.6431 

 
3 weeks or 

older 1 1 1 

Vaccination of gilts against 
M. hyopneumoniae / 
Type of vaccine 

one-shot 12.78 
(0.48-342.5) 

0.1290 

1.56 
(0.07-34.98) 

0.7812 

8.29 
(0.24-288.7) 

0.2430 

 two-shot 1 1 1 

Vaccination of replacement boar 
against M. hyopneumoniae / 
Type of vaccine 

No vaccine 0.35 
(0.04-3.37) 

0.3656 

1.47 
(0.36-6.00) 

0.5884 

0.26 
(0.03-2.40) 

0.23353 

 Any vaccine 1 1 1 

Vaccination of suckling pigs 
against PRRSV / 
Type of vaccine 

modified live 
vaccine 

0.11 
(0.01-1.01) 

0.0507 

3.13 
(0.25-38.42) 

0.3734 

0.30 
(0.05-1.68) 

0.1693 

 killed vaccine 1 1 1 

Vaccination of gilts against  
PRRSV/ 
Type of vaccine 

No vaccine 0.73 
(0.20-2.75) 

0.6463 

0.44 
(0.14-1.38) 

0.1610 

1.61 
(0.47-5.51) 

0.4492 

 Any vaccine 1 1 1 

Vaccination of gilts against 
A. pleuropneumoniae / 
Type of vaccine 

No vaccine 0.73 
(0.06-8.53) 

0.8015 

3.05 
(0.55-17.04) 

0.2041 

0.23 
(0.02-2.08) 

0.1892 

 Any vaccine 1 1 1 

Footnotes: see Table 5 
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Table 9 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Antimicrobial treatment‟ describing the risk of herds having a low 
or high seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined 
with a low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Antimicrobial treatment‟ 

Routine antibiotic treatment of 
suckling pigs - 1

st
 week of life / 

Type of treatment I 

None 0.19 
(0.02-1.50) 

0.1140 

0.22 
(0.03-1.42) 

0.1106 

0.94 
(0.17-5.27) 

0.9431 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs - 1

st
 week of life / 

Type of treatment II 

None or any 
unspecific 
treatment 

0.52 
(0.14-1.88) 

0.3160 

0.81 
(0.28-2.33) 

0.6902 

0.66 
(0.17-2.52) 

0.5547 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs - 2

nd
 week of life / 

Type of treatment I 

None 2.58 
(0.39-16.99) 

0.3242 

0.51 
(0.04-5.92) 

0.5871 

5.08 
(0.48-53.74) 

0.1765 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs - 2

nd
 week of life / 

Type of treatment II 

None or any 
unspecific 
treatment 

2.60 
(0.40-17.05) 

0.3183 

0.52 
(0.05-6.07) 

0.6024 

4.97 
(0.47-52.17) 

0.1815 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs - 3

rd
week of life / 

Type of treatment I 

None 8.30 
(0.84-82.41) 

0.0709 

6.89 
(0.76-62.33) 

0.0858 

1.14 
(0.27-4.85) 

0.8645 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs - 3

rd
week of life / 

Type of treatment II 

None or any 
unspecific 
treatment 

8.30 
(0.84-82.41) 

0.0709 

6.42 
(0.71-57.96) 

0.0977 

1.21 
(0.29-5.16) 

0.7926 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
suckling pigs at any age / 
Type of treatment 

None 0.24 
(0.04-1.36) 

0.1067 

0.26 
(0.05-1.42) 

0.1201 

0.93 
(0.24-3.56) 

0.9162 

 
Any 

treatment 1 1 1 
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Routine antibiotic treatment of 
nursery pigs at any age / 
Type of treatment I 

None 0.42 
(0.11-1.56) 

0.1958 

0.43 
(0.13-1.44) 

0.1686 

0.98 
(0.30-3.16) 

0.9657 

 
Any 

treatment 1 1 1 

Routine antibiotic treatment of 
nursery pigs at any age / 
Type of treatment II 

None or any 
unspecific 
treatment 

0.43 
(0.10-1.89) 

0.2634 

0.326 
(0.08-1.32) 

0.1159 

1.40 
(0.33-5.09) 

0.6437 

 
Against 
M. hyo 1 1 1 

Duration of routine application of 
antibiotics in the nursery unit 

+1 day 1.02 
(0.98-1.06) 

0.2655 

0.99 
(0.97-1.01) 

0.1627 

1.02 
(1.00-1.05) 

0.0794 

Routine antibiotic treatment of 
fattening pigs at any age / 
Type of treatment I 

None 0.95 
(0.32-2.84) 

0.9265 

0.30 
(0.07-0.81) 

0.0219 

3.59 
(0.97-13.39) 

0.0566 

 
Any 

treatment 1 1 1 

Routine antibiotic treatment of 
fattening pigs at any age / 
Type of treatment II 

None 0.90 
(0.25-3.27) 

0.8751 

0.20 
(0.04-0.93) 

0.0394 

3.50 
(0.75-16.31) 

0.1107 

 
Against 
M. hyo 1 1 1 

Routine antibiotic treatment of 
fattening pigs at any age / 
Type of treatment III 

None or any 
unspecific 
treatment 

0.89 
(0.25-3.17) 

0.8610 

0.20 
(0.04-0.91) 

0.0370 

3.33 
(0.72-15.40) 

0.1240 

 
Against 
M. hyo 1 1 1 

Facultative antibiotic 
treatment of fattening pigs 
due to respiratory disease / 
Frequency 

≥50% of all 
batches 

6.11 
(2.01-18.54) 

0.0014 

5.78 
(2.12-15.76) 

0.0006 

1.03 
(0.34-3.13) 

0.9566 

 
<50% of all 

batches 1 1 1 

Footnotes: see Table 5 

 

  



102  Chapter IV 

Table 10 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Husbandry‟ describing the risk of herds having a low or high 
seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined with a 
low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Husbandry‟ 

Age of the farrowing unit in 
years 

+5 years 0.99 
(0.97-1.01) 

0.3289 

1.02 
(0.99-1.04) 

0.1520 

0.98 
(0.96-1.00) 

0.0832 

Age of the fattening unit in years +5 years 1.01 
(1.00-1.02) 

0.1892 

1.00 
(0.99-1.01) 

0.5226 

1.01 
(1.00-1.02) 

0.1436 

Compartment size in the nursery 
unit in m

2
 

+10 m
2
 0.60 

(0.32-1.12) 
0.1070 

0.71 
(0.42-1.22) 

0.2171 

0.84 
(0.47-1.49) 

0.5499 

Compartment size in the 
fattening unit in m

2
 

+10 m
2
 1.00 

(1.00-1.00) 
0.0741 

1.00 
(1.00-1.00) 

0.0354 

1.00 
(1.00-1.00) 

0.7831 

Compartment volume in the 
nursery unit in m

3
 

+10 m
3
 0.95 

(0.86-1.04) 
0.2370 

0.98 
(0.90-1.06) 

0.5577 

0.97 
(0.90-1.04) 

0.3398 

Compartment volume in the 
fattening unit in m

3
 

+10 m
3
 1.00 

(1.00-1.00) 
0.1030 

1.00 
(1.00-1.00) 

0.0429 

1.00 
(1.00-1.00) 

0.9285 

Pen size in the nursery unit in 
m

2
 

+1 m
2
 0.02 

(0.00-14.22) 
0.2446 

0.40 
(0.00-308.8) 

0.7860 

0.03 
(0.00-26.35) 

0.2998 

Pen size in the fattening unit 
in m

2
 

+1 m
2
 1.09 

(1.01-1.17) 
0.0335 

1.10 
(1.03-1.19) 

0.0079 

0.97 
(0.87-1.07) 

0.5131 

Fattening pigs per 
compartment 

+10 pigs 1.00 
(1.00-1.00) 

0.1435 

1.00 
(1.00-1.00) 

0.0512 

1.00 
(1.00-1.00) 

0.9849 

Fattening pigs per pen +1 pig 1.07 
(1.01-1.14) 

0.0305 

1.07 
(1.01-1.12) 

0.0139 

0.99 
(0.93-1.06) 

0.7770 

Floor in the farrowing unit Plastic 5.23 
(1.04-26.26) 

0.0446 

2.07 
(0.68-6.28) 

0.2009 

2.42 
(0.44-13.26) 

0.3095 

 Others 1 1 1 
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Heating system in the 
fattening unit 

Gas 0.24 
(0.05-1.19) 

0.0796 

0.86 
(0.29-2.51) 

0.7831 

0.30 
(0.06-1.56) 

0.1518 

 Others 1 1 1 

Pen wall in the acclimatisation 
unit for gilts 

Open 0.51 
(0.14-1.90) 

0.3135 

1.25 
(0.39-4.00) 

0.7050 

0.40 
(0.11-1.48) 

0.1711 

 Closed 1 1 1 

Air-inlet in the fattening unit Door 0.35 
(0.12-1.00) 

0.0510 

0.31 
(0.12-0.81) 

0.0167 

1.11 
(0.39-3.18) 

0.8452 

 Others 1 1 1 

Air-outlet in the farrowing unit Fan 3.07 
(0.66-14.31) 

0.1539 

1.16 
(0.22-6.15) 

0.8639 

2.94 
(0.61-14.16) 

0.1784 

 Others 1 1 1 

Air-outlet in the fattening unit Fan 3.00 
(0.85-10.72) 

0.0892 

0.63 
(0.14-2.86) 

0.5459 

4.71 
(1.08-20.58) 

0.0393 

 Others 1 1 1 

Storage of manure in the 
acclimatisation unit for gilts 

Outside 0.52 
(0.04-6.91) 

0.6201 

0.55 
(0.04-6.85) 

0.6381 

0.99 
(0.10-9.79) 

0.9906 

 Inside 1 1 1 

Footnotes: see Table 5 
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Table 11 Odds ratios (estimated via logistic regression analysis with herd size as a 

continuous risk factor) of variable categories belonging to the subset 
„Replacement policy‟ describing the risk of herds having a low or 
high seroprevalence of M. hyopneumoniae (<0.5 vs. ≥0.5) combined 
with a low or high clinical coughing index (<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Subset „Replacement policy‟ 

Replacement rate of sows per 
year 

+5% 0.99 
(0.95-1.00) 

0.0757 

1.00 
(0.99-1.01) 

0.4614 

1.00 
(0.99-1.01) 

0.542 

Replacement rate of boars per 
year 

+5% 1.00 
(0.99-1.00) 

0.0994 

1.00 
(0.99-1.00) 

0.1058 

1.00 
(1.00-1.00) 

0.9193 

Source of replacement boars Purchase 1.23 
(0.44-3.48) 

0.6924 

0.41 
(0.15-1.08) 

0.0715 

4.28 
(1.24-14.76) 

0.0213 

 
Own 

breeding 1 1 1 

Frequency of purchasing gilts 
per year 

+1 purchase 1.04 
(0.91-1.19) 

0.5545 

1.00 
(0.90-1.12) 

0.9651 

1.14 
(0.90-1.46) 

0.2844 

Frequency of purchasing 
boars per year 

+1 purchase 0.24 
(0.05-1.08) 

0.0634 

0.44 
(0.14-1.41) 

0.1692 

0.65 
(0.24-1.79) 

0.4084 

Acclimatisation of gilts No 3.47 
(0.96-12.56) 

0.0581 

1.83 
(0.64-5.22) 

0.2585 

1.87 
(0.48-7.21) 

0.3642 

 Yes 1 1 1 

Exposition to gilts during 
acclimatisation period 

None. faeces 
or abortions 

4.04 
(1.11-14.68) 

0.0343 

1.10 
(0.31-3.94) 

0.8848 

3.41 
(1.00-11.67) 

0.0505 

 
Living 

animals 1 1 1 

Exposition to replacement 
boars during acclimatisation 
period 

None. faeces 
or abortions 

14.31 
(1.13-181.5) 

0.0401 

1.12 
(0.20-6.20) 

0.9014 

25.47 
(1.982-327.2) 

0.0129 

 
Living 

animals 1 1 1 

Duration of acclimatisation 
period for gilts 

+1 week 0.77 
(0.60-1.01) 

0.0565 

0.90 
(0.71-1.13) 

0.3628 

0.79 
(0.60-1.08) 

0.1340 

Footnotes: see Table 5 
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In the end, selected factors from every subset, showing at least one significant odds 

ratio (p ≤ 0.05) within CC1, CC2 or CC3, were included in the final models for the 

purpose of multi-factor analysis. The outcome of three models is shown (Table 12), 

whereas two models including the factors „Age of piglets, when vaccinated against 

M. hyopneumoniae‟, „Routine antibiotic treatment of suckling pigs at 3 weeks of age‟, 

„Exposition to gilts during acclimatisation period‟ and „Exposition to replacement 

boars during acclimatisation period‟ have restricted validity due to cell counts of „0‟. 
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Table 12 Odds ratios (estimated via multiple logistic regression analysis with herd size as a 

continuous risk factor) of variable categories describing the risk of 
herds having a low or high seroprevalence of M. hyopneumoniae 
(<0.5 vs. ≥0.5) combined with a low or high clinical coughing index 
(<2.5% vs. ≥2.5%) 

Factor Level 

CC1* CC2** CC3*** 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

OR 
(CI 95%) 
p-value 

Model I 

Separation of production units 
into different buildings 

No 0.21 
(0.05-0.85) 

0.0288 

0.36 
(0.11-1.19) 

0.0950 

0.62 
(0.19-1.98) 

0.4151 

 Yes 1 1 1 

Contact between fattening pigs 
of different age during 
restocking of compartments 

Yes 6.12 
(1.68-22.33) 

0.0061 

2.56 
(0.95-6.89) 

0.0950 

2.75 
(0.77-9.80) 

0.1197 

 No 1 1 1 

Model II 

Weaned piglets per sow and 
year 

+1 piglet 0.69 
(0.50-0.95) 

0.0244 

1.04 
(0.81-1.34) 

0.7377 

0.64 
(0.46-0.90) 

0.0088 

Age of piglets at weaning +1 day 1.24 
(1.01-1.52) 

0.0431 

1.04 
(0.89-1.21) 

0.6587 

1.25 
(0.99-1.58) 

0.0671 

Idle time of the farrowing unit +1 day 1.13 
(0.91-1.40) 

0.2735 

1.11 
(0.93-1.34) 

0.2442 

0.99 
(0.74-1.33) 

0.9624 

Model III 

Facultative antibiotic treatment 
of fattening pigs due to 
respiratory disease / Frequency 

≥50% of all 
batches 

6.14 
(1.38-27.41) 

0.0173 

9.91 
(2.31-42.50) 

0.0020 

0.49 
(0.09-2.75) 

0.4130 

 
<50% of all 

batches 1 1 1 

Fattening pigs per pen +1 pig 1.09 
(1.01-1.18) 

0.0311 

1.08 
(1.02-1.14) 

0.0140 

1.01 
(0.94-1.09) 

0.7809 

Air-inlet in the fattening unit Door 0.27 
(0.07-0.99) 

0.0496 

0.38 
(0.12-1.25) 

0.1109 

0.88 
(0.28-2.73) 

0.8196 

 Others 1 1 1 

Air-outlet in the fattening unit Fan 5.79 
(0.97-34.58) 

0.0542 

2.42 
(0.25-23.67) 

0.4483 

5.67 
(1.16-27.85) 

0.0325 

 Others 1 1 1 
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Co-infections 
 

The presence of major respiratory pathogens others than M. hyopneumoniae in the 

batches of fattening pigs was examined by serological testing. 

 

Swine influenza virus 
 

In all study groups, SIV subtype H1N1 and SIV subtype H3N2 was present (Figure 

11 and  

Figure 12 ). Differences in the prevalences of SIV subtype H1N1 between case 

and control herds were not statistically significant (p=0.2003). Similar, no differences 

were observed for SIV subtype H3N2 between case and control II (p=0.1541) and 

control I and II (p=0.0883). In contrast to these findings, a significant difference in 

seroprevalence was found for case and control I herds (p=0.0018) 

 

Porcine reproductive and respiratory syndrome virus 
 

Antibodies, specific against PRRSV, were detected in 60.0% (15/25) of controls I, 

91.4% (32/35) of controls II and 97.5% (39/40) of case herds. The reasons, why no 

further analysis was applied to these data from serology, will be discussed. 
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Figure 11 Box-plot showing seroprevalence of swine influenza virus H1N1 
assessed in fattening pigs of 100 pig herds of a case-control-study 
determining the influence of environmental factors, herd 
management and coinfection on the occurrence of enzootic 
pneumonia 
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Figure 12 Box-plot showing seroprevalence of swine influenza virus H3N2 
assessed in fattening pigs of 100 pig herds of a case-control-study 
determining the influence of environmental factors, herd 
management and coinfection on the occurrence of enzootic 
pneumonia 
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Discussion 
 

 

The reduction of M. hyopneumoniae infections in pig herds and the control of 

enzootic pneumonia can be accomplished in a number of different ways namely by 

optimization of management practices and housing conditions, the use of 

antimicrobials, and vaccination (Maes et al., 2008). However, in-depth knowledge of 

risk factors influencing the occurrence and the severity of enzootic pneumonia is a 

prerequisite and recent technological changes in methods for antigen detection, as 

well as pig production, pig housing systems and vaccines should be considered. 

The aim of the present study was to determine the potential risk factors for the 

occurrence of enzootic pneumonia in a region of high pig density, where a majority of 

herds is endemically infected with M. hyopneumoniae. All study herds were located 

either in Lower Saxony or in North-Rhine Westphalia; both federal states together 

housing more than 50% of the German pig population with a maximum density of 

1,500 pigs per 100 hectare agriculturally used space. Based on previous findings 

observed in this dedicated region (grosse Beilage et al., 2009), it was assumed that 

nearly all herds are infected with M. hyopneumoniae. Beside regional differences in 

infection patterns, seasonal influence on seropositivity to M. hyopneumoniae was 

reported (Maes et al., 2000). Therefore, the study was performed during four 

consecutive years, covering all seasons. 

 

This observational study was designed and conducted with the setup of a case-

control study. This approach offers advantages when a multifactorial and chronic 

disease like porcine enzootic pneumonia is focused. Case-control studies are 

suitable for diseases with long incubation periods, they require comparatively few 

subjects and they allow the study of multiple potential causes of a disease 

(Thrusfield, 1997). The major disadvantage of a case-control-study, being a lack of 

control of extraneous variables, was tried to circumvent by matching cases and 

controls according to their herd size. The parameter „herd size‟ was previously 
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described significantly working on various other herd parameters (Gardner et al., 

2002). 

Two thresholds were considered, when decision on status of „case‟ or „control‟ had to 

be taken. The seropositivity of fattening pigs to M. hyopneumoniae being specific for 

the pathogen of interest was utilized to confirm an infection dynamic within a herd. 

Several epidemiological studies describe M. hyopneumoniae seroconversion 

dynamics. A progressive decrease in the numbers of pigs with maternal antibodies is 

usually followed by a slow increase in the numbers of seropositive animals towards 

the slaughter date (Calsamiglia et al., 1999; Vicca et al., 2002; Sibila et al., 2004; 

Vigre et al., 2004). Independently from vaccination history, antibodies detectable in 

fattening pigs result from an infection with M. hyopneumoniae (Maes et al. 1998; 

Maes et al., 1999a). Based on these dynamics, the threshold of 0.5 in the present 

study was assumed being suitable, since similar prevalences of approximately 0.5 or 

higher were observed among fattening pigs of herds, where enzootic pneumonia had 

been confirmed by in-depth examination (Vicca et al., 2002; Sibila et al., 2004). The 

threshold of 2.5% for the coughing index was evaluated in a recent project, where 

interactions between onsets of dry coughing, seropositivity to and direct detection of 

M. hyopneumoniae were thoroughly examined (see Chapter III). Validity of this value 

is enforced by comparing the own assumption to data from other studies on 

M. hyopneumoniae infection, where groups of „clinically healthy fattening pigs‟ 

demonstrated average coughing indices lower than 1.7% (Maes et al. 1999a), 

whereas „clinically affected fattening pigs‟ showed indices up to 2.7% (Leon et al 

2001) and 5.0% (Maes et al. 1999a), respectively. 

Using two different outcome variables - coughing index and seroprevalence of 

M. hyopneumoniae - to allocate herds into groups (case, control I and control II) 

enabled an analysis of the remaining data from each pig herd in more detail. When 

comparing control I and II (CC3), which have both a low coughing index (<2.5%) but 

low (<0.5, control I) respectively high (≥0.5, control II) seroprevalences considerable 

differences in transmission of M. hyopneumoniae could be hypothesised. The 

comparison of control II and case herds (CC2) should afford risk factors for the 

exacerbation of enzootic pneumonia since both groups have a high seroprevalence 
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(≥0.5), but only in the case herds remarkable clinical symptoms expressed by a 

coughing index ≥2.5% were observed. Finally, a comprehensive model of risk factors 

for transmission of M. hyopneumoniae and subsequent outbreak of enzootic 

pneumonia should be evolved from significant differences between cases and control 

I herds (CC1). 

 

In the present study, numerous trends and several major differences regarding 

management and housing conditions between study groups were identified. The 

number of statistically significant differences is „2‟ in the model CC3 (frequent 

transmission), „10‟ in the model CC2 (outbreak of clinical disease) and „14‟ in CC1 

(frequent transmission & outbreak of clinical disease). The infrequent detection of 

potential risk factors influencing only the within-herd transmission, displayed in model 

CC3, was expected. A majority of the study herds were supposed to be endemically 

infected with M. hyopneumoniae (grosse Beilage et al., 2009) and, therefore, 

generally under high risk regarding considerable infection rates. 

 

Numerous factors have been evaluated in this, as well as in former studies and were 

without any significant influence (Table 3 and Table 4). This fact should be 

considered in the design of further studies focusing on enzootic pneumonia in pig 

herds. Herein, only those factors will be discussed, which showed a significant 

difference at least in one of the three models: 

A consequent separation of production units into different barns was not protective 

but significantly increased the risks of high seroprevalence and high coughing index. 

This effect, which was only observed whilst comparing cases with control I herds, 

was not expected. However, this factor must not be mixed up with strict 

implementation of all-in/all-out policy, which was also examined and without 

significant difference. The latter one has been described being an effective tool in 

controlling enzootic pneumonia (Clark et al., 1991; Ice et al., 1999). 

Comparing case with control I herds and control II with control I herds, revealed 

significant differences in the reproductive performance of corresponding herds: 

farrowing one piglet more and particularly weaning one piglet more per sow and year 
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minimizes the risk of „disease‟ by 35%. To the best of the authors‟ knowledge this 

factor of reproductive performance has never been assessed studying enzootic 

pneumonia and, therefore, a similar „effect‟ has never been described. It is supposed 

that such high performing herds truly apply extensive hygiene measures and 

excellent animal care taking, which obviously could not be assessed by the structure 

of the questionnaire of this study. 

The vertical transmission of M. hyopneumoniae from sows to their offspring is one 

source of continuity of infection within pig herds (Rautiainen et al., 2001, Sibila et al., 

2007). Although evidences are still pending, some studies indicate the relevance of 

an early infection in suckling pigs being responsible for the occurrence of enzootic 

pneumonia in fattening pigs (Fano et al., 2007; Sibila et al., 2007). In accordance to 

this, an increased risk of 29% and 18% per additional day of suckling period was 

observed in case and control II herds, respectively. Considering that the transmission 

of M. hyopneumoniae from sows to their offspring is likely depending on duration of 

exposure, these results are fairly conclusive. Another factor, which was supposed to 

influence the horizontal transmission of M. hyopneumoniae within a herd, was the 

„contact between fattening pigs of different age during restocking of single 

compartments‟. Direct contact between infected and susceptible pigs is accepted 

being the most relevant mechanism of horizontal transmission (Morris et al., 1995; 

Fano et al., 2005). In the present study significant odds were observed for cases, 

when compared to control I (odds ratio: 4.9) or control II herds (odds ratio: 2.3), and a 

trend for the model CC3 (control II vs. control I; odds ratio: 2.5). An increased risk to 

maintain enzootic pneumonia by an inconsequent implementation of all-in/all-out 

policy especially in fattening pigs was previously described (Scheidt et al., 1990; 

Clark et al., 1991), but to the best knowledge of the authors has never been 

quantified as it was done now. The relevance of these short term contacts of several 

minutes to some hours during restocking of compartments, as it was examined in the 

present study, might be underestimated, but should be considered as a source of on-

going horizontal transmission in pig herds. 

The idle time of the farrowing unit was longer in case than in control I herds. An 

enhanced risk of 23% per additional day was calculated for cases, whilst the reason 
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explaining this effect remains unclear. Considering further results from the multifactor 

analysis (model II), a spurious correlation with the parameters „weaned pigs per sow 

and year‟ and „age of piglets at weaning‟ becomes obvious, leading to dropping this 

parameter from the list of potential risk factors. 

Vaccination against M. hyopneumoniae has been proven to reduce clinical disease 

and lung lesions (Jensen et al., 2002), but the vaccine must be applied at such a time 

as to reconcile the advantage of delayed vaccination with the need to induce 

immunity before exposure to the pathogen (Maes et al., 2008). Whether this time is 

during the first two weeks of piglets‟ life or later, is frequently discussed and has not 

been conclusively settled (Hodgins et al., 2004; Martelli et al. 2006; Nathues et al., 

2010). In the present study, models CC1 and CC2 showed an increased risk for case 

herds, if a one-shot vaccine was applied to suckling pigs earlier than the 3rd week of 

life. This observation is perfectly in the line with the hypothesis that too early 

vaccinated piglets fail to develop a long lasting immunity and, therefore, are more 

likely to show outbreaks of enzootic pneumonia at the end of the fattening period 

(Lehner et al. 2008). 

A totally inverse policy of antibiotic treatment of fattening pigs was found in case and 

control herds. The routine administration of antimicrobials effective against 

M. hyopneumoniae to fattening pigs was protective in the model CC2 (odds ratio: 

0.2). This effect can be explained by farmers‟ and veterinarians‟ experiences: in case 

herds it is known that respiratory disease will develop. Therefore, a preventive 

treatment with antibiotics is more often established than it is in control II herds, where 

farmers and veterinarians do not expect a corresponding disease during the fattening 

phase. Similarly, the risk of a high frequency of facultative antibiotic treatment due to 

actual respiratory disease in fattening pigs was five to six times higher in case herds. 

It should be mentioned that these observations are more likely to be an effect than a 

cause of enzootic pneumonia. 

The total pen size in the fattening unit and the total number of fattening pigs per pen, 

which is obviously correlated with the first factor, were potential risk factors in this 

study. An increase of pen surface of 1m2 or an increase of the number of pigs per 

pen by one unit showed a 7-10% higher risk of enhanced seroprevalence to 
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M. hyopneumoniae and high coughing index. These results indicate that an increase 

in the number of direct contacts between different pigs also significantly increases 

the risk for transmission. An identical relationship was observed between number of 

pigs per pen and seropositivity to SIV (Maes et al., 1999b). In contrast, the influence 

of stocking density, which is connected to an increased risk of respiratory disease, 

when lower than 0.7m2 per pig (Madec et al., 1984), could not be confirmed. 

However, this might be caused by the fact that average density in case and control 

herds was always >0.7m2 in the present study, as it is mandatory by German law for 

pig farming. 

The ventilation system and the corresponding air flow in the fattening unit is a 

potential risk factor for different respiratory diseases (Fraile et al., 2009). Although 

both parameters, air inlet in the fattening unit and air outlet in the fattening unit, were 

associated (see model III), feasible assumptions may explain the role of the two 

factors. An air inlet via the door is more robust regarding variation of temperature 

then a perforated ceiling, where fresh air directly falls down to the pigs. This is in the 

line with a decrease of risk of approximately 65-70% in control I and II herds (CC1 

and CC2). The air outlet in the fattening units was either comprised by fan installation 

that increased the risk by factor 3 (model CC1) or by subsurface exhaustion. The 

latter system of outgoing air has the advantage of keeping harmful gases away from 

the animals. 

The introduction of new strains of M. hyopneumoniae, as well as the destabilisation 

of the herd immunity towards M. hyopneumoniae is mainly influenced by purchasing 

subclinically infected gilts and/or replacement boars (grosse Beilage et al., 2009; 

Sibila et al., 2010). Consequently, a through acclimatisation of these animals is a 

prerequisite and necessitates vaccination against major pathogens including 

M. hyopneumoniae followed by sufficient exposition of the pigs to the herds‟ 

particular flora. The increased risk of cases in both models considering transmission 

of the pathogen (CC1 and CC3) demonstrates the need of direct exposure to living 

pigs in order to induce a sufficient immunity. The exclusive exposure to faeces and 

placenta enhances the risk by factor 4 (gilts) and >10 (replacement boars), since 

these contacts do not transmit M. hyopneumoniae (Batista et al. 2004). 
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Swine influenza virus is known causing peracute respiratory disease in pig herds. 

Clinical signs are mainly comprised by fever and tachypnoe and less by chronic 

coughing (van Reeth et al., 1996). A separation of swine influenza from enzootic 

pneumonia in pig herds is reliably done by determining the cause of respiratory 

disease: swine influenza is highly contagious and affects pigs of various age groups 

within a herd simultaneously, whereas enzootic pneumonia is slowly transmitted 

between pigs and often occurs repetitively in equivalent age groups of a herd. Pigs 

simultaneously infected with SIV and M. hyopneumoniae show more severe signs of 

respiratory disease including non-productive cough, but they do not potentiate each 

other (Thacker et al., 2001). Therefore, the own results showing that in all study 

groups SIV with some variation of prevalence was present are not bewildering. 

Hypothetically, SIV could have biased the coughing index assessed in this study, but 

if so, then this would be the case for every group. Since SIV H1N1 seems to be more 

virulent than SIV H3N2 (van Reeth et al., 2003), it would be unlikely that differences 

in the prevalence of SIV H3N2 observed between case and control I herds could 

have an impact on the outcome of clinical examination. Overall, it is assumed that the 

role of double or even triple infections with M. hyopneumoniae, SIV H1N1 and SIV 

H3N2 is overestimated as it was already suggested by other groups (Andreasen et 

al., 2000; Fablet et al., 2010). This hypothesis is supported by the different 

characteristics of chronic diseases like enzootic pneumonia and acute diseases like 

influenza. If one of two pathogens is eliminated very quickly, then any interaction 

between both is unlikely  

 

The results of seropositivity to PRRSV were not further analysed. Initially it was 

aimed to analyse the ELISA results, while considering the vaccination status of each 

individual herd. This would account for the fact that the intramuscular administration 

of a modified live vaccine can lead to seroconversion (Mengeling et al., 2005). When 

the present study was designed and initiated, it was planned to consider non-

vaccinated but seropositive herds as infected with wild type PRRS virus. However, a 

recent study published during the course of this project showed that infection with 
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wild type strains of PRRSV as well as spontaneous infection with freely circulating 

vaccine strains and vaccine-like strains of PRRSV can lead to equivalent 

seroconversion (Lillie et al., 2008). In a further study, the high frequency of this 

uncontrolled circulation of PRRSV vaccine strains and vaccine like strains in the 

German pig population was described (grosse Beilage et al., 2010). Since it cannot 

be excluded that these free circulating strains of PRRSV have induced 

seroconversion, the corresponding data from serological testing were not further 

processed. 
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Conclusions 
 

 

In this case-control study, focusing on risks of transmission of M. hyopneumoniae 

within infected herds and on the outbreak of clinical enzootic pneumonia in fattening 

pigs, several risk factors already known could be confirmed. Moreover, new aspects, 

namely the duration of the suckling period and the time of applying 

M. hyopneumoniae vaccines to suckling pigs have been identified working on the 

occurrence of enzootic pneumonia in fattening pigs. Prevention programmes and 

strategies of controlling enzootic pneumonia in endemically infected pig herds should 

emphasise an optimized pig flow including sufficient acclimatisation of breeding pigs, 

an appropriate, herd specific vaccination programme for suckling pigs, as well as 

small numbers of fattening pigs per pen in a feasible ventilated environment. 

 

  



Chapter IV  119 

References 
 

 

Andreasen, M., Nielsen, J.P., Baekbo, P., Willeberg, P., Botner, A., 2000. A 

longitudinal study of serological patterns of respiratory infections in nine 

infected Danish swine herds. Prev. Vet. Med. 45, 221-235. 

 

Batista, L., Pijoan, C., Ruiz, A., Utrera, V., Dee, S., 2004. Assessment of 

transmission of Mycoplasma hyopneumoniae by personnel. J. Swine Health 

Prod. 12, 75–77. 

 

Calsamiglia, M., Pijoan, C., Trigo, A., 1999. Application of a nested polymerase chain 

reaction assay to detect Mycoplasma hyopneumoniae from nasal swabs. J. 

Vet. Diagn. Invest. 11, 246–251. 

 

Clark, L., Freeman, M., Scheidt, A., Knox, K., 1991. Investigating the transmission of 

Mycoplasma hyopneumoniae in a swine herd with enzootic pneumonia. Vet. 

Med. 86, 543–550. 

 

Fablet, C., Marois, C., Kobisch, M., Madec, F., Rose, N., 2010. Estimation of the 

sensitivity of four sampling methods for Mycoplasma hyopneumoniae 

detection in live pigs using a Bayesian approach. Vet. Microbiol. 143, 238-

245. 

 

Fano, E., Pijoan, C., Dee, S., 2005. Dynamics and persistence of Mycoplasma 

hyopneumoniae infection in pigs. Can. J. Vet. Res. 69, 223-228. 

 

Fano, E., Pijoan, C., Dee, S., Deen, J., 2007. Effect of Mycoplasma hyopneumoniae 

colonization at weaning on disease severity in growing pigs. Can. J. Vet. 

Res. 71, 195-200. 

 



120  Chapter IV 

Fraile, L., Alegre, A., Lopez-Jimenez, R., Nofrarias, M., Segales, J., 2009. Risk 

factors associated with pleuritis and cranio-ventral pulmonary consolidation in 

slaughter-aged pigs. Vet. J. 184(3):326-33. 

 

Gardner, A., Willeberg, P., Mousing, J., 2002. Empirical and theoretical evidence for 

herd size as a risk factor for swine diseases. Anim. Health Res. Rev. 3, 43–

55. 

 

grosse Beilage, E., Rohde, N., Krieter, J., 2009. Seroprevalence and risk factors 

associated with seropositivity in sows from 67 herds in north-west Germany 

infected with Mycoplasma hyopneumoniae. Prev. Vet. Med. 88, 255-263. 

 

grosse Beilage, E., Nathues, H., Meemken, D., Harder, T.C., Doherr, M.G., Grotha, 

I., Greiser-Wilke, I., 2010. Frequency of PRRS live vaccine virus (European 

and North American genotype) in vaccinated and non-vaccinated pigs 

submitted for respiratory tract diagnostics in North-Western Germany. Prev. 

Vet. Med. 92, 31-37. 

 

Hodgins, D., Shewen, P., Dewey, C., 2004. Influence of age and maternal antibodies 

on antibody responses of neonatal piglets vaccinated against Mycoplasma 

hyopneumoniae. J. Swine Health Prod. 12, 10–16. 

 

Ice, A.D., Grant, A.L., Clark, L.K., Cline, T.R., Einstein, M.E., Martin, T.G., Diekman, 

M.A., 1999. Health and growth performance of barrows reared in all-in/all-out 

or continuous flow facilities with or without a chlortetracycline feed additive. 

American J. Vet. Res. 60, 603-608. 

 

Jensen, C.S., Ersboll, A.K., Nielsen, J.P., 2002. A meta-analysis comparing the effect 

of vaccines against Mycoplasma hyopneumoniae on daily weight gain in 

pigs. Prev. Vet. Med. 54, 265-278. 

 



Chapter IV  121 

Lehner, S., Meemken, D., Nathues, H., grosse Beilage, E., 2008. Efficacy of 

vaccination against Mycoplasma hyopneumoniae in pigs from vaccinated and 

non-vaccinated sows. Tieraerztl. Praxis (G), 37: 399-406. 

 

Leon, E.A. Madec, F., Taylor, N.M., Kobisch, M., 2001. Seroepidemiology of 

Mycoplasma hyopneumoniae in pigs from farrow-to-finish farms. Vet. 

Microbiol. 78, 331-341. 

 

Lillie, K., Igelbrink, R., Hoferer, M., Fiebig, K., Nathues, H., Greiser-Wilke, I., grosse 

Beilage, E., 2008. Effect of natural exposure to vaccine-derived North 

American genotype PRRS virus on the serological response in naive pigs. 

Transb. Emerg. Diseases 55, 140-143. 

 

Madec, F., 1984. The risk factors of respiratory diseases on fatteners in intensive 

breeding–finishing units. In: Int. Pig Vet. Soc. Congress, Ghent, Belgium, p. 

349. 

 

Maes, D., Deluyker, H., Verdonck, M., Castryck, F., Miry, C., Lein, A., Vrijens, B., de 

Kruif, A., 1998. The effect of vaccination against Mycoplasma 

hypopneumoniae in pig herds with a continuous production system. Zentralbl. 

Veterinarmed. J. Vet. Med. 45, 495-505. 

 

Maes, D., Deluyker, H., Verdonck, M., Castryck, F., Miry, C., Vrijens, B., Verbeke, 

W., Viaene, J., de Kruif, A., 1999a. Effect of vaccination against Mycoplasma 

hyopneumoniae in pig herds with an all-in/all-out production system. Vaccine 

17, 1024-1034. 

 

 

 

 



122  Chapter IV 

Maes, D., Deluyker, H., Verdonck, M., Castryck, F., Miry, C., Vrijens, B., de Kruif, A., 

1999b. Risk indicators for the seroprevalence of Mycoplasma 

hyopneumoniae, porcine influenza viruses and Aujeszky's disease virus in 

slaughter pigs from fattening pig herds. Zentralbl. Veterinarmed. J. Vet. Med. 

46, 341-352. 

 

Maes, D., Deluyker, H., Verdonck, M., Castryck, F., Miry, C., Vrijens, B., de Kruif, A., 

2000. Herd factors associated with the seroprevalences of four major 

respiratory pathogens in slaughter pigs from farrow-to-finish pig herds. Vet. 

Res. 31, 313-327. 

 

Maes, D., Segales, J., Meyns, T., Sibila, M., Pieters, M., Haesebrouck, F., 2008. 

Control of Mycoplasma hyopneumoniae infections in pigs. Vet. Microbiol. 

126, 297-309. 

 

Martelli, P., Terreni, M., Guazzetti, S., Cavirani, S., 2006. Antibody response to 

Mycoplasma hyopneumoniae infection in vaccinated pigs with or without 

maternal antibodies induced by sow vaccination. J. Vet. Med. 53, 229-233. 

 

Mengeling, W. L., 2005. PRRS vaccinology: past, present, future. Ann. Meeting 

American Assoc. Swine Vet., pp. 289–304. 

 

Morris, C.R., Gardner, I.A., Hietala, S.K., Carpenter, T.E., 1995. Enzootic 

pneumonia: comparison of cough and lung lesions as predictors of weight 

gain in swine. Can. J. Vet. Res. 59, 197-204. 

 

Nathues, H., Kubiak, R., Tegeler, R., Beilage, E., 2010. Occurrence of Mycoplasma 

hyopneumoniae infections in suckling and nursery pigs in a region of high pig 

density. Vet. Rec. 166, 194-198. 

 



Chapter IV  123 

Rautiainen, E., Wallgren, P., 2001. Aspects of the transmission of protection against 

Mycoplasma hyopneumoniae from sow to offspring. J. Vet. Med. 48, 55-65. 

 

Scheidt, A.B., Clark, L.K., Mayrose, V.B., Cline, T.R., Jones, D., Frants, S., 1990. All-

in, all-out finishing as a means for improving growth in a swine herd affected 

by enzootic pneumonia. Int. Pig Vet. Soc. Congress, Lausanne, p. 92. 

 

Sibila, M., Calsamiglia, M., Vidal, D., Badiella, L., Aldaz, A., Jensen, J.C., 2004. 

Dynamics of Mycoplasma hyopneumoniae infection in 12 farms with different 

production systems. Can. J. Vet. Res. 68, 12-18. 

 

Sibila, M., Nofrarias, M., Lopez-Soria, S., Segales, J., Riera, P., Llopart, D., 

Calsamiglia, M., 2007. Exploratory field study on Mycoplasma 

hyopneumoniae infection in suckling pigs. Vet. Microbiol. 121, 352-356. 

 

Sibila, M., Mentaberre, G., Boadella, M., Huerta, E., Casas-Diaz, E., Vicente, J., 

Gortazar, C., Marco, I., Lavin, S., Segales, J., 2010. Serological, pathological 

and polymerase chain reaction studies on Mycoplasma hyopneumoniae 

infection in the wild boar. Vet. Microbiol. 144(1-2):214-218. 

 

Staerk, K.D., Keller, H., Eggenberger, E., 1992. Risk factors for the reinfection of 

specific pathogen-free pig breeding herds with enzootic pneumonia. Vet. 

Rec. 131, 532-535. 

 

Staerk, K.D., 1998. Systems for the prevention and control of infectious diseases in 

pigs. Thesis. Massey University, Palmerston North, New Zealand. 

 

Thacker, E.L., Thacker, B.J., Janke, B.H., 2001. Interaction between Mycoplasma 

hyopneumoniae and swine influenza virus. Journal of clinical microbiology 

39, 2525-2530. 

 



124  Chapter IV 

Thomsen, B.L., Jorsal, S.E., Andersen, S., Willeberg, P., 1992. The Cox regression 

model applied to risk factors analyses of infection in the breeding and 

multiplying herds in Danish SPF systems. Prev. Vet. Med. 12, 287–297. 

 

Thrusfield, M., 1997. Veterinary Epidemiology, 2nd ed. Blackwell, Oxford 

 

Tuovinen, V.K., Grohn, Y.T., Straw, B.E., 1990. Environmental factors in feeder pig 

finishing units associated with partial carcass condemnations in a slaughter 

house. In: Int. Pig Vet. Soc. Congress, Lausanne, p. 394. 

 

Vicca, J., Maes, D., Thermote, L., Peeters, J., Haesebrouck, F., de Kruif, A., 2002. 

Patterns of Mycoplasma hyopneumoniae infections in Belgian farrow-to-finish 

pig herds with diverging disease-course. J. Vet. Med. 49, 349-353. 

 

Vicca, J., Stakenborg, T., Maes, D., Butaye, P., Peeters, J., de Kruif, A., 

Haesebrouck, F., 2003. Evaluation of virulence of Mycoplasma 

hyopneumoniae field isolates. Vet. Microbiol. 97, 177-190. 

 

Vigre, H., Dohoo, I.R., Stryhn, H., Busch, M.E., 2004. Intra-unit correlations in 

seroconversion to Actinobacillus pleuropneumoniae and Mycoplasma 

hyopneumoniae at different levels in Danish multisite pig production facilities. 

Prev. Vet. Med. 63, 9–28. 

 

Van Reeth, K., Nauwynck, H., Pensaert, M., 1996. Dual infections of feeder pigs with 

porcine reproductive and respiratory syndrome virus followed by porcine 

respiratory coronavirus or swine influenza virus: a clinical and virological 

study. Vet. Microbiol. 48, 325-335. 

 

Van Reeth, K., Van Gucht, S., Pensaert, M., 2003. Investigations of the efficacy of 

European H1N1- and H3N2-based swine influenza vaccines against the novel 

H1N2 subtype. Vet. Rec. 153, 9-13. 



Chapter V  125 

 

 

 

Chapter V 
 

 

  



126  Chapter V 

General discussion 
 

 

The epidemiology of enzootic pneumonia and within herd transmission of 

M. hyopneumoniae is influenced by several factors including management, hygiene, 

virulence of the M. hyopneumoniae strain and others (Staerk, 1998; Maes et al., 

2008; Sibila et al., 2009). Several studies focusing these factors have been carried 

out during the last decades and contributed to an enhanced knowledge about 

enzootic pneumonia in pigs. Notwithstanding there is further need to increase in-

depth knowledge about the influence of strain variation, today‟s environment, 

husbandry systems and management in pig farms as well as coinfections. This 

demand is constituted by significant structural developments in the pig production 

(herd size, spatial separation of production units, pig flow), which work on the spread 

and the transmission of this pathogen. Moreover, recent improvements of diagnostic 

methods for the detection of M. hyopneumoniae enable a more thorough assessment 

of the dynamic of infection within pig herds. Noteworthy the potency of the 

occurrence of M. hyopneumoniae strains with different virulence (genetic and 

phenotypic variability) in pig herds yet has not been considered in field studies. In 

conclusion, the holistic approach of the present project was to evaluate various data 

obtained during a case-control-study conducted in a region of high pig density and an 

endemic infection with M. hyopneumoniae in almost every pig herd. The studies 

included genetic characterisation of M. hyopneumoniae strains, optimization of 

clinical examination in case of enzootic pneumonia and assessment of environmental 

factors and management, as well as examination of coinfections. 

 

In the first part of this thesis the aim was to develop an identification system for 

cultured mycoplasmas frequently isolated from samples of the porcine respiratory 

tract. The approach was to establish a procedure sufficiently, rapidly and reliably 

identifying M. hyopneumoniae in various sample sites from pigs. M. hyopneumoniae, 

M. flocculare, M. hyorhinis, M. hyosynoviae and M. hyopharyngis are fastidious 

mycoplasma species frequently colonizing the upper and lower respiratory tract of 
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swine (Kobisch and Friis, 1996). As all these mycoplasma species have shown to be 

able to grow in the same isolation medium, reliable and rapid methods for species 

identification are required. In the present study we were able to establish an 

identification system based on length differences of the amplified 16S-23S rRNA IGS 

region of porcine mycoplasma species. The 16S-23S rRNA IGS region was targeted 

as it has shown to exhibit a high degree of interspecies heterogeneity in 

mycoplasmas varying in length and composition (Harasawa, 1999; Volokhov et al., 

2006). The PCR described herein generated species-specific lengths of amplicons 

which were easily distinguishable using standard gel electrophoresis allowing 

simultaneous detection and identification of cultivated mycoplasma species 

frequently colonizing the porcine respiratory tract. 

In the next step, the major aim was to apply formerly described methods for genetic 

characterisation and comparison of M. hyopneumoniae isolates, namely RAPD and 

VNTR analysis, to a large number of epidemiologically well-defined 

M. hyopneumoniae isolates. It was hypothesised that comparison of numerous 

isolates from pigs/herds affected by enzootic pneumonia with those from unaffected 

pigs/herds would improve the knowledge about virulence-associated genome 

fragments, which provide a basis to be further examined in this and in follow-up 

studies. Genotypic and phenotypic characterization of bacteria is often used to 

specify the epidemiology of an infection and to evaluate virulence factors triggering 

the corresponding disease (Horii et al., 1998; Kielstein et al., 2001; Knutton et al., 

2001; Taillon et al., 2008). In case of M. hyopneumoniae infection and enzootic 

pneumonia in pigs, virulence factors have been proposed after analysing single 

strains from various herds with different molecular-biological techniques. However, 

detailed knowledge about virulence factors of M. hyopneumoniae and laboratory 

methods predicting the virulence of strains are still unavailable (Sibila et al., 2009). 

Vicca and colleagues (2003) suggested RAPD analysis having the potential to 

distinguish between low and high virulent strains of M. hyopneumoniae with a 

sufficient power of discrimination. Characterizing M. hyopneumoniae strains with 

RAPD after virulence had been assessed in an experimental approach led to the 

assumption that high virulence is connected to the presence of a dedicated 5,000 bp 
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fragment in the genome of the bacteria. We tried to confirm this observation by an 

equivalent analysis of M. hyopneumoniae strains isolated in the present study (data 

no shown). Noteworthy, results were inconsistent and using the experimental setup 

described by Vicca and colleagues (2003) yields no sufficient reproducibility. This is 

in accordance to other studies examining field strains of mycoplasma species, where 

a low reproducibility of RAPD analysis was reported (Hong et al., 2005; Stakenborg 

et al., 2006), and authors recommended the examination of different strains only 

within one experiment (i.e. one PCR run).  

Addressing the limitations of the method, we applied RAPD analysis to 52 isolates of 

M. hyopneumoniae originating from 21 different herds from North-western Germany. 

This region is characterized by highest pig density in Europe; remarkable trading of 

pigs (import of piglets and gilts from Denmark and The Netherlands) and a pig 

population known to be endemically infected with M. hyopneumoniae (grosse Beilage 

et al., 2009). Strong evidences were found that more than one strain of 

M. hyopneumoniae might be present in a pig herd and even in a single pig. Eligibility 

of this hypothesis is based on the significant differences, which were observed when 

band patterns of isolates from the same animal or the same pig herd were compared 

with each other. These findings are in clear contrast to previous studies, where it was 

concluded that mainly one clone of M. hyopneumoniae is circulating at a specific 

point in time in a single pig herd. Interestingly, this statement was not constrained, 

although in the same study M. hyopneumoniae strains from four herds demonstrated 

differences in the band pattern from RAPD analysis (Stakenborg et al., 2006). Similar 

conclusions regarding the hypothesis of one strain per herd were also drawn after 

applying MLST to a panel of M. hyopneumoniae strains (Mayor et al., 2008). The 

authors found multiple strains in the swine population but only specific strains or 

clones being responsible for local outbreaks of enzootic pneumonia. Since all field 

samples in this study came from Switzerland, where M. hyopneumoniae had been 

eradicated and only sporadic re-infections occur, cautious interpretation of the results 

is demanded and extrapolation to endemically infected pig populations is not 

recommended. Of course, the simultaneous introduction of more than one strain in a 

free pig population is very unlikely and was not observed in that study. 
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VNTR analysis was also reported being a useful tool for M. hyopneumoniae strain 

typing and diagnosis of enzootic pneumonia (de Castro et al., 2006). Furthermore, it 

was demonstrated that particular VNTRs of M. hyopneumoniae and their number, i.e. 

in P97 RR1, are directly linked to functional properties (Hsu and Minion, 1998). 

These facts might approve VNTR analysis as the method of choice when 

characterization of large numbers of M. hyopneumoniae strains is aimed. However, 

the discriminatory power of single VNTRs of M. hyopneumoniae was shown being 

low (Stakenborg et al., 2006), and, moreover, the number of genes containing 

tandem repeat regions appears to be limited (Minion et al., 2004). Taking this into 

account, the use of VNTR analysis in characterizing M. hyopneumoniae might be of 

limited value. We could confirm the low number of differentiable VNTR types. To 

solve the problem of low discriminatory power, results from three different VNTR loci 

were subjected to one single analysis followed by comparison of similarity. This kind 

of multiple loci VNTR analysis (MLVA) considerably enhances the resolution of the 

approach to disseminate bacterial agents (van Belkum, 2007). Similar to RAPD, with 

MLVA a high degree of genetic heterogeneity was found and isolates from the same 

pig herd and even from the same pig were grouped into different clusters. To the best 

knowledge of the author, this is the first report on high genetic heterogeneity of 

M. hyopneumoniae between isolates of the same epidemiological source, i.e. pig 

herd and/or single pigs. Since previous studies often included only one strain/isolate 

per herd or strains from re-infected pig populations, this study, which included up to 

eight isolates from the same epidemiological source, is reflecting the situation in 

endemically infected pig herds and pig populations, respectively. Obviously, trading 

of piglets, growing pigs and gilts, combined with frequent changing of trading 

networks, allows M. hyopneumoniae strains to spread frequently within pig 

populations. 

The results of the genotypic characterization had to be considered in the holistic 

approach of examining risk factors for the occurrence of enzootic pneumonia in 

endemically infected pig herds. Initially, it was hypothesised that different strains 

could be found in case and control herds. Based on previous findings of different 

virulence among strains of M. hyopneumoniae (Vicca et al., 2003) it was assumed 
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that case herds might be more often infected with strains of high virulence leading to 

clinical symptoms, whereas in control herds seropositivity is due to circulation of a 

strain of low virulence, this not leading to clinical disease. Although there is no 

reason to refuse this hypothesis, the genotypic characterization of strains of 

M. hyopneumoniae isolated in this study was not further promoted due to a possible 

circulation of different strains in potentially all study herds. 

 

The objective of the second part of this thesis was to evaluate the merit of 

quantitative measurement of the clinical symptom „coughing‟, when diagnosing 

enzootic pneumonia in groups of growing and finishing pigs. A rapid and accurate 

strategy to diagnose porcine enzootic pneumonia is a prerequisite to provide efficient 

treatment procedures and to support prevention programmes in pig farms. Clinical 

symptoms and lung lesions can lead to a tentative diagnosis, but currently laboratory 

testing is the standard procedure for a conclusive diagnosis (Thacker, 2004). In the 

present study, the feasibility of a quantitative measurement of clinical symptoms was 

examined and its association to results from laboratory testing were evaluated. It was 

hypothesised that a standardised assessment of dry and non-productive coughing in 

groups of fattening pigs can improve the diagnostic value of a clinical examination.  

Pneumonia in fattening pigs and the occurrence of coughing can be caused by 

various infectious agents. The porcine respiratory disease complex (PRDC) in 16 to 

20 weeks old pigs can be comprised by infections with M. hyopneumoniae, A. 

pleuropneumoniae, PRRSV and SIV (Dee, 1997), complicated by secondary 

infections with various other bacterial pathogens (e.g. Pasteurella multocida, 

Bordetella bronchiseptica, etc.). To circumvent this probable confounding by multiple 

infections, an intentional selection bias was introduced during the design of this 

study: only those herds were examined, where the herd attending veterinarians 

observed either no clinical symptoms of pneumonia or chronic and recurrent 

respiratory diseases in fattening pigs. The consistency of study results, the high 

prevalence of M. hyopneumoniae on herd level (91.5%) assessed by examining the 

oldest fattening pigs and the strong associations between coughing and frequency of 

detecting M. hyopneumoniae indicate a negligible influence of potentially concurrent 
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infections. In 41 out of 59 herds, specific genome fragments of the pathogen were 

even found in ≥50% of the study pigs. The detection rate of M. hyopneumoniae was 

statistically significant associated with the coughing index of the same herds. Within 

the 41 herds with high frequency of M. hyopneumoniae in lavage fluids, the 

corresponding clinical symptoms were remarkably expressed by a mean coughing 

index >2.5%. Recently, it has been demonstrated that PCR results from lavage fluid 

are predictive for the extent of typical lung lesions in the same pigs (Moorkamp et al., 

2008; Fablet et al., 2010). Therefore, it was even expected that positivity of lavage 

fluids will also be associated with clinical symptoms, since these are reflective of 

corresponding lesions in the lung tissue (Sørensen et al., 1997). Considering the 

mean coughing indices observed in groups with <50% detection rate and ≥50% 

detection rate of M. hyopneumoniae and the according odds ratio of 1.76, the 

equivalence between coughing index and pathogen detection is an admissible 

hypothesis. 

Serology was used to determine the relevance of M. hyopneumoniae infections in 

fattening pigs. The review of serological results also considered the coughing index 

and the direct detection of M. hyopneumoniae by PCR. In five out of six herds, where 

all 20 animals had been tested negative by ELISA, PCR tests were also negative and 

the mean coughing index was only 0.94%. Vice versa, good correlation was 

observed between high coughing indices and seroprevalences ≥0.5. This finding and 

the following suggestion complies with the observation that the mean coughing index 

in this group was significantly higher (2.86%) than in the group with 

M. hyopneumoniae prevalence <50% in both assays (1.22%). In accordance to 

previous studies, where clinical scores or semi quantitative measures were used in 

combination with serology (Sørensen et al., 1997; Leon et al., 2001), the quantitative 

assessment of onsets of coughing can support the diagnosis of enzootic pneumonia 

on a group level. 

As far as known, this study is the first one describing the use of the coughing index 

(Bahnson 1993) for this diagnostic purpose. It was shown that in fattening pigs with 

chronic respiratory disease a quantitative assessment of onsets of coughing  

- typically dry and non-productive - can improve an admissive diagnosis that also 
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considers seroprevalence of M. hyopneumoniae in the affected age group. If the 

coughing index is ≥2.5% and the seroprevalence ≥0.5, then enzootic pneumonia is 

high likely. Vice versa, a diagnosis of enzootic pneumonia in fattening pigs would be 

doubtful, if the coughing index is clearly <2.5% and seroprevalence <0.5. The 

outcome of this part of the thesis including benchmarking was also needed for the 

final part of the project, where thresholds had to be used in terms of distinguishing 

case and control herds. 

 

The aim of the final study was to examine potential risk factors for the occurrence of 

enzootic pneumonia in a region of high pig density, where nearly all herds are 

endemically infected with M. hyopneumoniae. It was further aimed to quantify the risk 

in order to weight the various factors according to their relevance in terms of 

provoking enzootic pneumonia. Therefore, a case-control study was conducted, 

where data were assessed by personal interview with the farmers, clinical 

examination of animals and their environments, and finally, serological testing for 

M. hyopneumoniae, swine influenza virus (SIV) and porcine reproductive and 

respiratory syndrome virus (PRRSV). 

The reduction of M. hyopneumoniae infections in pig herds and the control of 

enzootic pneumonia can be accomplished in a number of different ways namely by 

optimization of management practices and housing conditions, the use of 

antimicrobials, and vaccination (Maes et al., 2008). However, in-depth knowledge of 

risk factors influencing the occurrence and the severity of enzootic pneumonia is a 

prerequisite and recent technological improvement of methods for antigen detection, 

as well as changes in pig production, pig housing systems and availability of various 

vaccines should be considered. 

This observational study was designed and conducted with the setup of a 

prospective case-control study. This approach offers overwhelming advantages when 

a multifactorial and chronic disease like porcine enzootic pneumonia is focused. 

Case-control studies are suitable for diseases with long incubation periods, require 

comparatively few subjects and allow the study of multiple potential causes of a 

disease (Thrusfield, 1997). The major disadvantage of a case-control-study, being a 
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lack of control of extraneous variables, was tried to circumvent by matching cases 

and controls according to their herd size. The parameter „herd size‟ was previously 

described significantly working on various other herd parameters (Gardner et al. 

2002). 

Two thresholds were considered, when decision on status of „case‟ or „control‟ had 

been taken. The seropositivity of fattening pigs to M. hyopneumoniae being specific 

for the pathogen of interest was utilized to confirm the infection within a herd. 

Independently from vaccination history, antibodies detectable in fattening pigs result 

from an infection with M. hyopneumoniae (Maes et al. 1998, Maes et al., 1999a). 

Based on these findings, the threshold of 0.5 in the present study was assumed 

being suitable, since similar prevalences of approximately 0.5 or higher were 

observed among fattening pigs of herds, where enzootic pneumonia had been 

confirmed by in-depth examination (Vicca et al., 2002; Sibila et al., 2004). The 

threshold of 2.5% for the coughing index was evaluated in another part of this thesis. 

Validity of this value is enforced by comparing the own assumption to data from other 

studies on M. hyopneumoniae infection, where groups of „clinically healthy fattening 

pigs‟ demonstrated average coughing indices lower than 1.7% (Maes et al., 1999a), 

whereas „clinically affected fattening pigs‟ showed indices up to 2.7% (Leon et al., 

2001) and 5.0% (Maes et al., 1999a), respectively. 

Using two different outcome variables - coughing index and seroprevalence of 

M. hyopneumoniae - to allocate herds into groups (case, control I and control II) 

enabled a more complex analysis of the remaining data from each pig herd. When 

comparing control I and II (CC3), which have both a low coughing index (<2.5%) but 

low (<0.5, control I) respectively high (≥0.5, control II) seroprevalences, considerable 

differences in transmission of M. hyopneumoniae could be hypothesised. The 

comparison of control II and case herds (CC2) should afford risk factors for the 

exacerbation of enzootic pneumonia since both groups have a high seroprevalence 

(≥0.5), but only in the case herds remarkable clinical symptoms expressed by a 

coughing index ≥2.5% were observed. Finally, a comprehensive model of risk factors 

for transmission of M. hyopneumoniae and subsequent outbreak of enzootic 
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pneumonia should be evolved from significant differences between cases and control 

I herds (CC1). 

Numerous factors have been evaluated in this, as well as in former studies and were 

without any significant influence. They have been listed in the manuscript to be 

considered when designing and planning further studies. Herein, only those factors 

will be discussed, which showed a significant difference at least in one of the three 

models: 

A consequent separation of production units into different barns was not protective 

but significantly increased the risks of high seroprevalence and high coughing index. 

This effect, which was only observed whilst comparing cases with control I herds, 

was unexpected. However, this parameter must not be mixed up with strict 

implementation of all-in/all-out policy, which was also examined and without 

significant difference. The latter one has been described being an effective tool in 

controlling enzootic pneumonia (Clark et al., 1991; Ice et al., 1999). 

Comparing case with control I herds and control II with control I herds, revealed 

significant differences in the reproductive performance of corresponding herds: 

farrowing one piglet more and particularly weaning one piglet more per sow and year 

minimizes the risk of „disease‟ by 35%. To the authors‟ knowledge this parameter of 

reproductive performance has never been assessed studying enzootic pneumonia 

and, therefore, a similar „effect‟ has never been described. It is supposed that such 

high performing herds truly apply extensive hygiene measures and excellent animal 

care taking, which obviously could not be assessed by the structure of the 

questionnaire of this study. Although several special questions regarding hygiene 

measures were asked, no effects were observed, when these data were analysed. It 

is hypothesised that dedicated questions (e.g. strict all-in/all-out policy, cleaning and 

disinfection before restocking of compartments, etc.) were not answered correctly by 

the animals‟ holder. In Germany, farmers periodically have to attend audits from a 

private owned company named „QS-GmbH‟. This company distributes a quality label 

(„QS zertifiziert‟), which confirms the compliance to all German laws and acts relevant 

for pig production, as well as the implementation of a system monitoring the 

occurrence of Salmonella infections. Since the same questions as mentioned are 
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asked during these audits and have to be answered in accordance to the 

expectations of the company (Strict all-in/all-out policy? Yes; Cleaning? Yes; 

Disinfection? Yes; etc.), it is highly likely that farmers are primed to answer in the 

same way during an interview of a scientific examination. This becomes even more 

relevant, when the study is conducted by personnel from a university, who often are 

recognized as governmental, although they are not. 

The vertical transmission of M. hyopneumoniae from sows to their offspring is one 

source of continuity of infection within pig herds (Rautiainen et al., 2001; Sibila et al., 

2007). Although evidences are still pending, some studies indicate the relevance of 

an early infection in suckling pigs being responsible for the occurrence of enzootic 

pneumonia in fattening pigs (Fano et al., 2007; Sibila et al., 2007). In accordance to 

this, an increased risk of 29% and 18% per additional day of suckling period was 

observed in case and control II herds, respectively. Considering that the transmission 

of M. hyopneumoniae from sows to their offspring is likely depending on duration of 

exposure, these results are fairly conclusive. Another factor, which was supposed to 

influence the horizontal transmission of M. hyopneumoniae within a herd, was the 

„contact between fattening pigs of different age during restocking of single 

compartments‟. Direct contact between infected and susceptible pigs is accepted 

being the most relevant mechanism of horizontal transmission (Morris et al., 1995; 

Fano et al., 2005). In the present study significant odds were observed for cases, 

when compared to control I (odds ratio: 4.9) or control II herds (odds ratio: 2.3), and a 

trend for the model CC3 (control II vs. control I; odds ratio: 2.5). An increased risk to 

maintain enzootic pneumonia by an inconsequent implementation of all-in/all-out 

policy especially in fattening pigs was previously described (Scheidt et al., 1990; 

Clark et al., 1991), but has never been quantified as it was done now. The relevance 

of these short term contacts of several minutes to some hours during restocking of 

compartments, as it was examined in the present study, might be underestimated, 

but should be considered as a source of on-going horizontal transmission in pig 

herds. 

Vaccination against M. hyopneumoniae has been proven to reduce clinical disease 

and lung lesions (Jensen et al., 2002), but the vaccine must be applied at such a time 
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as to reconcile the advantage of delayed vaccination with the need to induce 

immunity before exposure to the pathogen (Maes et al., 2008). Whether this time is 

during the first two weeks of piglets‟ life or later, is frequently discussed and has not 

been conclusively settled (Hodgins et al., 2004, Martelli et al., 2006; Nathues et al., 

2010,). In the present study, models CC1 and CC2 showed an increased risk for 

case herds, if a one-shot vaccine was applied to suckling pigs earlier than the 3rd 

week of life. This observation is perfectly in the line with the hypothesis that too early 

vaccinated piglets fail to develop a long lasting immunity and, therefore, are more 

likely to show outbreaks of enzootic pneumonia at the end of the fattening period 

(Lehner et al., 2008). 

The total pen size in the fattening unit and the total number of fattening pigs per pen, 

which is obviously correlated with the first parameter, were potential risk factors in 

this study. An increase of pen surface of 1m2 or an increase of the number of pigs 

per pen by 1 showed a 7-10% higher risk of enhanced seroprevalence to 

M. hyopneumoniae and high coughing index. These results indicate that an increase 

in the number of direct contacts between different pigs also significantly increases 

the risk for transmission. An identical relationship was observed between number of 

pigs per pen and seropositivity to SIV (Maes et al., 1999b). 

The ventilation system and the corresponding air flow in the fattening unit is a 

potential risk factor for different respiratory diseases (Fraile et al., 2009). Although 

both parameters, air inlet in the fattening unit and air outlet in the fattening unit, were 

correlated, feasible assumptions can explain the role of the two factors. An air inlet 

via the door is more robust regarding variation of temperature then a perforated 

ceiling, where fresh air directly falls down to the pigs. This is in the line with a 

decrease of risk of approximately 65-70% in control I and II herds (CC1 and CC2). 

The air outlet in the fattening units was either comprised by fan installation that 

increased the risk by factor 3 or it was done by subsurface exhaustion. The latter 

system of outgoing air has the advantage of keeping harmful gasses away from the 

animals. 

The introduction of new strains of M. hyopneumoniae, as well as the destabilisation 

of the herd immunity towards M. hyopneumoniae is mainly influenced by purchasing 
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subclinically infected gilts and/or replacement boars (grosse Beilage et al., 2009; 

Sibila et al., 2009). This has become even more relevant, since a high genetic 

heterogeneity has been described in the first part of this project. Similar to other 

bacterial and viral pathogens it cannot be excluded that this genetic variability is also 

connected to a remarkable antigenic variability that results in a decrease of cross 

protection. Consequently, a thorough acclimatisation of breeding animals is a 

prerequisite and necessitates vaccination against major pathogens including 

M. hyopneumoniae followed by sufficient exposition of the pigs to the herds‟ 

particular flora. The increased risk of cases in both models considering transmission 

of the pathogen (CC1 and CC3) demonstrates the need of direct exposure to living 

pigs in order to induce a sufficient immunity. The exclusive exposure to faeces and 

placenta enhances the risk by factor 4 (gilts) and >10 (replacement boars), since 

these contacts do not transmit M. hyopneumoniae (Batista et al. 2004). 

 

Swine influenza virus is known causing peracute respiratory disease in pig herds, 

mainly comprised by fever and tachypnoe and less by chronic coughing (van Reeth 

et al., 1996). A differentiation of swine influenza from enzootic pneumonia in pig 

herds is reliably done by determining the cause of respiratory disease: swine 

influenza is highly contagious and affects pigs of various age groups within a herd 

simultaneously, whereas enzootic pneumonia is slowly transmitted between pigs and 

often occurs repetitively in equivalent age groups of a herd. Pigs simultaneously 

infected with SIV and M. hyopneumoniae show more severe signs of respiratory 

disease including non-productive cough, but they do not potentiate each other 

(Thacker et al., 2001). Therefore, the own results showing that in all study groups 

SIV with some variation of prevalence was present are not bewildering. 

Hypothetically, SIV could have biased the coughing index assessed in this study, but 

if so, then this would be the case for every group. Overall, it is assumed that the role 

of double or even triple infections with M. hyopneumoniae, SIV H1N1 and SIV H3N2 

is overestimated as it was already suggested by other groups (Andreasen et al., 

2000; Fablet et al., 2010). This hypothesis is supported by the different 

characteristics of chronic diseases like enzootic pneumonia and acute diseases like 
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influenza. If one of two pathogens is eliminated very quickly, then any interaction 

between both is unlikely.  

 

The results of seropositivity to PRRSV were not further analysed. Initially it was 

aimed to analyse the ELISA results, while considering the vaccination status of each 

individual herd. This would account for the fact that the intramuscular administration 

of a modified live vaccine can lead to seroconversion (Mengeling et al., 2005). When 

the present study was designed and initiated, it was planned to consider non-

vaccinated but seropositive herds as infected with wild type PRRS virus. However, a 

recent study published during the course of this project showed that infection with 

wild type strains of PRRSV as well as spontaneous infection with freely circulating 

vaccine strains and vaccine-like strains of PRRSV can lead to equivalent 

seroconversion (Lillie et al., 2008). In a further study, the high frequency of this 

uncontrolled circulation of PRRSV vaccine strains and vaccine like strains in the 

German pig population was described (grosse Beilage et al., 2010). Since it cannot 

be excluded that these free circulating strains of PRRSV have induced 

seroconversion, the corresponding data from serological testing were not further 

processed. 
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Conclusions 
 

In summary, three major outcomes of this thesis could be added to the knowledge 

about enzootic pneumonia in pig herds and have practical implication for veterinary 

practitioners, as well as pig farmers: 

 

1. In regions of high pig density with endemic infections of 

M. hyopneumoniae it is high likely that more than one strain is 

circulating within a herd. This observation of a certain possibility of multiple 

infections should be considered when pigs are purchased or introduced into 

herds. Similar to control measures directed against other pathogens (e.g. 

PRRSV) it is recommended to replace breeding pigs in sow herds only with 

animals free of M. hyopneumoniae. Potentially infected gilts and replacement 

boars should be treated and/or vaccinated during their acclimatisation period, 

in order to lower the risk of introducing new and eventually higher virulent 

strains of M. hyopneumoniae into the herd. Farmers housing only fattening 

pigs should not comingle pigs from different sources, since these might be 

infected with different strains of M. hyopneumoniae. The detection of several 

distinguishable isolates in the same pig herd can be interpreted as an 

evidence of recurrent introduction of the pathogen into the herd, which should 

lead to a critical review of all management procedures and, especially, the 

biosecurity measures. 

2. The accurate and quantitative assessment of dry and non-productive 

coughing in groups of fattening pigs complemented with serological 

testing enables an admissive diagnosis of enzootic pneumonia on group 

level. This enhancement in the value of a thorough clinical examination offers 

veterinary practitioners the opportunity of feasible, reliable and cost-effective 

diagnosis of enzootic pneumonia. Moreover, it is assumed that a repeated 

measurement of the coughing index in case of enzootic pneumonia can be 

used to assess the effect of antimicrobial treatment and other steps to prevent 

the disease. 
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3. Finally, the measures to control enzootic pneumonia should be 

accomplished by efficient separation of production units and pigs of 

different age, adequate acclimations of purchased gilts and replacement 

boars, appropriate vaccination concepts and housing of small numbers 

of fattening pigs per pen in a well-ventilated environment, since these 

were the most relevant risk factors in this study. Farmers should be 

advised to avoid any contact between pigs of different age, e.g. growers and 

finishing pigs during restocking of compartments, since a rapid vertical 

transmission of M. hyopneumoniae seems to be very likely. Moreover, an 

acclimatisation period of five to six weeks for gilts and replacement boars 

significantly lowers the risk for enzootic pneumonia in fattening pigs of the 

same herd. If vaccination of suckling pigs against M. hyopneumoniae is 

performed with a single-dose vaccine, then application should take place not 

earlier than three weeks of life. Otherwise, the risk for enzootic pneumonia in 

fattening pigs could increase. The number of animals per pen in the fattening 

units should be a compromise between ecological and epidemiological 

aspects. The risk for enzootic pneumonia seems to be positively correlated 

with the number of pigs per pen. Noteworthy, an air inlet via the door and an 

air outlet by subsurface exhaustion are the most effective ventilation systems 

for fattening units in terms of preventing enzootic pneumonia. 
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