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Executive Summary

Both bacterial and viral pathogens cause respiratory disease in pigs, but the severity of respiratory
disease also depends on environmental and host factors. The first part of this study focussed on the
impact of potentiating or multiple pathogens, like Mycoplasma hyopneumoniae. The study highlighted
the significant negative impact that multiple respiratory pathogens have on the expression of
respiratory disease in growing pigs. Although infection with M.hyopneumoniae or Pasteurella multocida
individually can affect production and carcase composition, pigs challenged with both of these
pathogens were more severely affected with pneumonia (lung lesions and clinical signs), and also with
reduced weights, ADG, feed intake and gain to feed ratios. Grower pigs infected with both pathogens
suffered severe reductions in liveweight at 20 weeks of age (16kg lighter) relative to control pigs or
pigs challenged with either pathogen alone (4-10kg lighter).

The present study also demonstrated that multiple pathogens significantly increased the variation in
production measures within treatments, which affects profitability by increasing the number of ‘tail-
ender’ pigs, disrupting all-in-all-out (AIAO) production flows and increasing days to slaughter. Multiple
pathogens specifically increased variation in ADG, feed intake, feed efficiency and body composition
(muscle and fat proportions), as well as the proportion of lung tissue affected with pneumonia. There
was also a trend towards greater variation in slaughter weights in pigs infected with multiple pathogens.

Variation in market weight impacts on profitability by increasing housing costs per pig, due to delayed
emptying of sheds for light weight pigs in AIAO production. To avoid variation in market weight,
producers often sort pigs on weight before sale. However, frequent mixing of pigs can have significant
impacts on both animal health and welfare. Producers can maintain AIAO production if they market
different weight pigs to the most appropriate buyer. However, this is likely to cause additional sorting
and transport costs.

The variation in feed intake, growth rates and weights caused by disease may be overcome with
additional veterinary treatments or dietary formulations to help slow-growing pigs recover prior to
sale. However, all of these strategies ultimately lead to increased production costs and reduced
profitability, so cost-benefit analyses need to be performed.

Under commercial conditions, pigs may be constantly challenged by pathogens, and are unlikely to face
a single respiratory infection at one time point, as occurred in this study. In addition, they may be
exposed to poor environmental conditions and infections from enteric pathogens, all of which
stimulate the pig’s immune system and divert energy resources away from growth. It is therefore
expected that pigs housed under commercial conditions, with multiple pathogen exposures and
environmental stressors, would exceed the growth reductions seen in this trial. The AUSPIG modelling
software could estimate the impact of increased variation under commercial conditions using the data
from previous experimental challenge trials.

The second part of this study identified the key management practices associated with increased risk
of disease outbreaks. The expression of respiratory disease is definitely exacerbated by multiple
pathogens, but also by many other factors including high stocking density, poor air quality, poor
ventilation, continuous production flows and frequent mixing of pigs, temperature fluctuations and the
absence of cleaning and disinfection between batches. The literature quantifies the increased risk of
respiratory disease associated with many of these management factors, with biosecurity and air quality



as two of the most important factors. Control or prevention of respiratory disease therefore relies
on producers utilizing management tools to reduce these risks.

The efficacy of disease management tools need to be evaluated under commercial conditions so the
most useful and timely health monitoring tools need to be identified for respiratory disease. Real-time
monitoring of disease is especially important to provide producers with the timely advice to prevent
disease. Coughing is a useful clinical sign of a range of respiratory diseases, but requires pathogen-
specific detection to indicate the cause of current disease. Although measuring lung lesions at slaughter
is a common tool used to quantify the impact of respiratory disease, the information is not provided
in real-time, it is not pathognomonic for specific diseases, and under-estimates the extent of damage
because lesions resolve before slaughter. Serum IgG antibodies are a useful indicator of pathogen-
specific infections at the herd level; however, serum IgG indicates past, not current infection. The
detection of pathogen-specific IgA in oral fluids provides an earlier indicator of infection than serum
IgG, and oral fluid samples are a cost-effective way to determine the timing of infection in pens of pigs.
Oral fluid testing for either antibodies or pathogens has the potential to facilitate surveillance and
detection of disease in a population.

Quantifying the numbers or ‘load’ of pathogens in known volumes of air may be a useful indicator of
disease expression at the herd level, and can identify the presence of more than one pathogen, but
field studies are still needed to correlate pathogen loads with other disease scores (coughing, serology
or subsequent lung lesions at slaughter) and production. Future research may identify threshold levels
for different pathogens that correlate with increased severity of respiratory disease. Focussing on
quantifying potentiating pathogens, such as M.hyopneumoniae, influenza A virus and PCV2, may also be
important for predicting potential respiratory disease outbreaks. However, it is likely that more than
one monitoring tool is needed to quantify the impact of respiratory disease on farm.

Our research outcomes are already in use by a vaccine company working with commercial herds to
control coughing. We plan to collaborate with the University of Melbourne to identify the most
quantitative and cost effective diagnostics for measuring the impact of respiratory disease.
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I. Background to Research

Problems and needs arising from the research:

The third objective of this project was to use the CT scanner to measure the composition of primal
cuts and investigate the impact of single or multiple respiratory pathogens on variation in composition
and size of primal cuts. As previously notified, it was not possible to transfer the data from the obsolete
magnetic tapes to the new software to allow us to quantify the impact of multiple pathogens on
variation in the composition of primal meat cuts. However, we did discuss the option of collaborating
with John Black to incorporate the variation data collected from this trial to estimate the cost of
multiple respiratory pathogens in grower/finisher pigs using AUSPIG.

Opportunities from the research:

Both pig producers and veterinarians are often reluctant to replace antibiotics with vaccines for disease
control, as it’s often difficult to demonstrate the efficacy of vaccines to improve productivity and
control of disease, especially with multifactorial disease complexes like respiratory disease. The
outcomes of this project have helped us identify the optimal samples and assays to measure the impact
of respiratory diseases on pig health and production. The project has also identified the relative risk
of respiratory diseases under different management practices. This knowledge has recently proved
useful for Boehringer Ingelheim, who are implementing a swine cough control program in combination
with the release of a new M.hyopneumoniae vaccine in Australia. However, the knowledge gained from
this APL funded project could apply equally to other vaccine companies and against other causes of
respiratory disease.

We have used the knowledge gained from the literature review to expand the swine cough control
program developed by Boehringer Ingelheim to record additional data from farms on management
factors that may impact on the prevalence or severity of clinical disease and production losses in
affected herds. More specifically this includes recording variation in P2 backfat measures at slaughter,
the use of aerosol disinfection within production batches, measuring air quality in sheds and the
proportion of ‘tail-ender’ pigs before and after vaccination. NSW DPI will be providing support for
this disease management program by testing sera for IgG to M.hyopneumoniae, by quantifying numbers
of M.hyopneumoniae and other respiratory pathogens in affected lung tissue and by providing
histopathology support for the differential diagnosis of M.hyopneumoniae-induced pneumonia.

The review of diagnostics and clinical signs to measure the severity of respiratory disease in this project
has led to collaborative research discussions with Boehringer Ingelheim on ways to measure the
efficacy of their M.hyopneumoniae vaccine to control coughing in commercial herds. Boehringer
Ingelheim have agreed to collect oral fluid and air samples from herds with clinical evidence of
pneumonia, especially coughing. We have already investigated the detection of M.hyopneumoniae DNA
in oral fluid samples and found the sensitivity of the test to be very low. We intend to apply for a
collaborative project between NSW DPI, the Pork CRC and Boehringer Ingelheim to develop an ELISA
for the detection of M.hyopneumoniae specific IgA in oral fluids, and to correlate IgA levels with other
measures of respiratory disease including serum IgG titres to M.hyopneumoniae, pig growth, coughing
scores and slaughter lesions. Preliminary research suggests that pigs infected with M.hyopneumoniae
develop IgA antibodies in oral fluids close to the time of clinical disease and production losses and 4
weeks earlier than serum IgG responses. The objective of this research is to find a herd based and
inexpensive assay for the earlier diagnosis of pneumonia in commercial herds, to ultimately reduce
production losses.



We are also investigating a collaborative project between the University of Melbourne, the Pork CRC,
NSW DPI and Boehringer Ingelheim to correlate pathogen loads in air samples collected from
commercial piggeries with other measures of respiratory disease expression including clinical disease,
IgG and IgA antibodies to M.hyopneumoniae and production losses.

Quantify potential benefits for the industry and possible implications of the research:
Improved control of respiratory diseases is likely to have significant economic benefits in increasing
pig growth, improving feed efficiency and reducing the costs of treating sick pigs. Left untreated,
respiratory disease can cost A$2.80 per pig, assuming 40% of lungs are affected with pneumonia at
slaughter and ADG losses range from 12.7 to 15.9% in grower pigs and feed efficiency losses are about
13.8% (Pointon et al., 1985).

The staggering |6kg reduction observed in the mean weight of pigs challenged with both M.
hyopneumoniae and P. multocida relative to 20 week old control pigs in this trial illustrates that there
are significant economic costs associated with respiratory disease. These costs include the need for
extra feed and time to allow these pigs to ‘catch up’ and reach market slaughter weights. Assuming
ADG remains at 0.8kg/day, pigs challenged with multiple pathogens would require an additional 20
days to recover the lost |6kg, reducing profits by $12.60 per pig (assuming feed costs $300/tonne and
pigs continue to eat 2.| kg feed per day). Alternately, if the producer chose to sell pigs below market
weight to maintain production flows, a 16kg weight reduction in hot carcass weight would lead to
reduced profits of $56 per pig (350c/kg x 16 kg). Over a batch of pigs this would equate to large
losses, even if the pigs challenged with multiple pathogens had recovered completely after 17 weeks
of age. While pigs challenged with either M. hyopneumoniae or P. multocida alone also suffered reduced
market weights (4 or 10kg respectively), the added feed costs to get these pigs to market weight
would be substantially less ($3.15 to $7.88 per pig respectively).

This is the first study to account for the additional costs associated with increased variation in
production caused by respiratory diseases. Variation in ADG and feed intake lead to an increased
proportion of ‘tail-ender’ pigs, whereas variation in carcass size, shape and composition lead to
increased processing costs. Variation in market weight leads to decreased profitability by increasing
housing costs per pig because of delayed emptying of sheds. These additional effects of respiratory
disease were not quantified in this study, but could be if the data was included in AUSPIG. The
economic benefits of improved respiratory disease control by vaccination, medication or eradication
(Swiss depopulation) could also be estimated in AUSPIG.

Reducing losses associated with respiratory diseases relies on implementing disease prevention
strategies and also effective disease monitoring tools. The project’s literature review identified
biosecurity and hygiene as critical factors in reducing the incidence and severity of respiratory
diseases. Management practices important in reducing respiratory disease included all-in-all-out
production flows, minimising mixing of pigs, improving air quality, reducing stocking density,
improving temperature control, cleaning and disinfection between batches of pigs and utilising
prevention strategies like vaccination and disease eradication (Table I).



Table |: Summary of management factors that increase the risk and/or severity of respiratory disease.

Management factor

Consequence

Introducing small number of new stock from herds
with lower health status

2.38 times increased risk of disease

Introducing 10-100 new animals

4.10 times increased risk of disease

Introducing more than 100 animals

6.89 times increased risk of disease

Ammonia @ 50 ppm

12% reduction in growth

Ammonia @ 100 ppm

30% reduction in growth

No ventilation

|.55 times increased risk of disease

Continuous flow production

Increased risk and severity of disease

Stocking density for finishers < 0.7m?/pig

Increased risk and severity of disease

Air space < 3m’/pig

Increased risk and severity of disease

Draughts in pens and temperature fluctuations

Increased severity of clinical signs and reduced ADG

Presence of multiple pathogen

Increased severity of disease

Pathogen load, pathogen virulence the host’s immune response and the presence of potentiating or

multiple pathogens can all be impacted by these management factors. However, the host’s genetics

also play a significant role in the immune response to respiratory pathogens. Respiratory disease

expression can be measured indirectly by monitoring weight gain and feed intake in the

growerl/finisher period, variation in final weights and carcase composition, or more directly by

measuring pathogen load, pro-inflammatory cytokines, specific antibodies and gross or

histopathology lesions at slaughter. However, the most promising disease monitoring tools for the

future include quantification of pathogen loads in air in real time, IgA detection in oral fluids and

coughing scores.



2. Objectives of the Research Project

I. Complete literature review outlining factors that impact on respiratory disease expression,
specifically researching the effect of multiple pathogens, pathogen load, air quality, the pro-
inflammatory response and vaccination strategies to reduce the impact of pneumonia on pig
growth, carcass yield and variation in weights and carcass composition.

2. Re-analyse the CT data from APL project #1870 to investigate the impact of single or multiple
respiratory pathogens on variation in slaughter weight, feed intake and variation in whole
carcass composition.

3. Use the CT scanner to measure the composition of primal cuts and investigate the impact of
single or multiple respiratory pathogens on variation in composition and size of primal cuts.



3. Introductory Technical Information

In APL project 1870, Dr Graeme Eamens demonstrated that concurrent respiratory infections in pigs
can increase the severity of pneumonia and cause complications which delay recovery from infection.
Pigs infected with Mycoplasma hyopneumoniae prior to a Pasteurella multocida challenge suffered
significantly more severe reductions in weight gain, feed intake and liveweight at 20 weeks of age (16kg
lighter) relative to control pigs or pigs challenged with either pathogen alone (4-10kg lighter). This
trial also demonstrated that the combined infection had significantly greater impacts on pneumonia
severity (lung lesion and clinical scores), lethargy, and body composition in the grower and finisher
phases. Pigs affected with pneumonia had reduced P2 fat, P2 muscle and % body fat (by weight), but
increased % body muscle (by weight) over the whole carcase. The differences in body composition in
specific primal cuts were not quantified in this trial. While significant variation in disease parameters
was shown within treatments (uninfected, single infection or combined infections), the study didn’t
investigate whether the coefficient of variation was significantly different between treatments.
Additional analysis was needed to determine whether concurrent respiratory infections increased
variation in production measures, carcase traits and slaughter weights.

The most common respiratory diseases in Australian pig herds are enzootic pneumonia and
pleuropneumonia, caused by Mycoplasma hyopneumoniae and Actinobacillus pleuropneumoniae. Although
secondary or opportunistic pathogens such as Pasteurella multocida, Mycoplasma hyorhinis, Haemophilus
parasuis, Streptococcus suis, Actinobacillus suis, Arcanobacterium pyogenes and Escherichia coli can also cause
problems. A significant amount of research has been published on multiple infections associated with
respiratory disease that suggests primary pathogens are generally viruses or mycoplasmas, with
bacteria commonly infecting as secondary pathogens. Primary pathogens can predispose the pig to
secondary pathogens by damaging the mucociliary apparatus or by suppressing the local or systemic
immune response. Prior infection with M.hyopneumoniae is believed to increase the host’s susceptibility
to colonisation by Pasteurella multocida (Amass et al., 1994; Ciprian et al., 1988; Eamens et al., 2007)
and A.pleuropneumoniae (Ciprian et al.,, 1994; Marois et al., 2009). M.hyopneumoniae infection also
potentiates infection by porcine circovirus type 2 (PCV2), PRRS and swine influenza virus (Deblanc et
al,, 2013; Opriessnig et al., 2004; Shibata et al., 1998; Thacker et al., 1999; Thacker et al,, 2001;
Thanawongnuwech et al, 2004; Zhang et al., 2011). Many of these studies have highlighted the
increased severity of clinical disease and innate immune responses associated with multiple pathogens.
However, few have focussed on measuring the impact of multiple pathogens on variation in production
and carcass measures.

The presence of multiple pathogens, pathogen load and virulence, as well as environmental factors (air
quality, temperature, and season) all impact on respiratory disease expression. However host factors
also play a significant role. The pig’s genetics and immune response to pathogen colonisation can alter
susceptibility to pathogens, but can also influence the host’s ability to recover from disease. Relatively
high heritability’s have been published for disease resistance to enzootic pneumonia, pleurisy, Glassers
disease and atrophic rhinitis. In addition, a number of innate and humoral immunity traits that are
important in tolerating and recovering from infection are heritable. These will be studied in more
detail in the literature review on factors that impact on the expression of respiratory disease. We
already know that stimulation of the immune system impacts on the pig’s metabolism, as nutrients and
energy are sequestered away from muscle deposition for the production of acute phase proteins,
antibodies and cytotoxic and regulatory T cells to help fight infection (Black and Pluske, 2011). In
particular it is the release of pro-inflammatory cytokines, causing fever, anorexia and lethargy, which
impact on the pig’'s metabolism.
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Monitoring the impact of respiratory diseases is confounded by the multifactorial nature of disease
and the difficulty in selecting a real time measure of pathogen load, immune response and disease
severity that could alert producers to potential production losses before they occur. Many studies
have measured pathogen loads, innate and humoral immune responses, real time lung lesion scores
and clinical signs in pigs experimentally challenged with single or dual pathogens, in clean environmental
conditions, far removed from commercial production. Measuring respiratory disease expression in
commercial herds is complicated by non-specific clinical signs, genetic variation in respiratory
pathogens reducing the specificity and sensitivity of serological and DNA detection assays (polymerase
chain reaction), and the poor correlation between gross lung lesions at slaughter and the lifetime
impact of pneumonia on the pig’s production. Collection of broncho-alveolar lavage (BAL) fluids for
innate and humoral antibody responses and quantification of pathogen loads are not feasible at the
herd level, so substitutes need to be found. Real time monitoring of lung lesions with radiography,
ultrasound or computer tomography is also unrealistic in commercial herds. There is minimal
literature that investigates respiratory disease expression at the herd level, so this project will review
the published studies into components of disease expression could help guide future research
priorities into optimal samples and diagnostic assays for measuring respiratory disease expression in
real time at the herd level. The ultimate aim of this work is to search the literature for immune markers
or pathogen loads that correlate with pneumonia and the associated production losses to provide real
time monitoring of respiratory health or disease at the herd level.



4. Research Methodology

4.1 Investigate the impact of single or multiple respiratory pathogens on variation in
slaughter weight, feed intake and variation in whole carcass composition.

4.1.1 Experimental Design

Production and disease data were compiled from the previous trial (APL project #1870) consisting of
pig weights, feed intakes, % lungs affected with pneumonia, % fat and muscle weight as a percentage of
total body weight and P2 fat and muscle depths. This data was re-analysed to test the hypothesis that
multiple respiratory infections cause greater variation in production and carcass traits than a single
infection with either pathogen or no pathogen.

APL study #1870 was based on four treatment groups of approximately 16 grower pigs (10 weeks
age) per treatment, maintained in individual pens within a controlled environment facility at EMAI. Pigs
in groups 3 and 4 were challenged intratracheally with a culture of M. hyopneumoniae (Mhp) (field
strain) at | | weeks of age. Three weeks later, pigs in groups 2 and 4 were challenged intratracheally
with P. multocida (Pm). Group | pigs remained as unchallenged controls (Table 2). Weights and feed
intake were recorded weekly for individual animals. All pigs were scanned by computed tomography
(CT) at three time points: initially prior to P. multocida challenge and then 2.5 to 3 weeks after
challenge (16-17 weeks age) and 5 to 6 weeks after challenge (19 to 20 weeks age).

Table 2. Summary of experimental design

Group # # pigs + Mhp @ Il wks + Pm @ 14 wks
| 16 No No
2 16 No Yes
3 I5 Yes No
4 17 Yes Yes

4.1.2 Production data

Using the original weight and feed intake data, average daily gain (ADG) and average daily feed intake
(ADFI) were calculated for the 3 weeks post Mycoplasma challenge and the 4 weeks post Pasteurella
challenge, as well as total weight gain to slaughter (10 to 24 weeks of age). Feed efficiency was
calculated as gain to feed (rather than feed to gain) to allow the comparison of results on a
unidirectional scale, as pigs suffered significant weight losses during the trial. Profitability will increase
as gain to feed increases i.e. higher gain to feed occurs when less feed is needed for the same weight
gain.

4.1.3 Carcass composition

The CT scans of all pigs were processed to reconstruct 3D measurements of total lung volume,
pneumonia affected lung volume, and the volume of carcass muscle, fat and bone. Known tissue
densities were used to convert tissue volumes to tissue weights. The accuracy of the calculated CT
tissue weights were confirmed by calculating the total combined CT tissue weights for each pig and
comparing this to the actual weight of the pig on the day of scanning. The percentage of each tissue
type was then determined by dividing the specific tissue weight by the total pig weight. Pneumonia
affected lungs had a different density than healthy lungs as measured by the CT. The percentage of

14



pneumonia lesions was calculated by dividing the volume of affected lung by the total volume of lung
tissue.

4.1.4 Analysis of the data

During the Mycoplasma infection period, pigs were effectively in two treatment groups with two
replicates of each treatment. Group 3 and 4 pigs were challenged with Mhp and pigs in groups | and
2 were uninfected controls. The effect of multiple pathogens was only analysed from 14 to 20 weeks
of age.

Mean differences between treatments, as well as variation within and between treatments are
presented in the results, although mean treatment differences were published previously (Eamens et
al., 2007). Unbalanced analysis of variance (ANOVA) was preformed to determine if treatment affected
the mean production and carcass traits in both periods (GenStat |7t Edn). Bartlett’s test was used to
determine if significant variation between treatments was present (GenStat |7t Edn). Significant
treatment differences were identified through least mean difference analysis (means) or f-tests
(variance) (Excel). Dot histograms of each production and carcass measure were created to visualise
differences in variation and to ascertain whether data was normally distributed, or required
transformation.

Lung lesion data was transformed (logio + 0.1) to stabilise the variance as in the original analysis. We
used the log transformed lung lesion data for the Bartlett’s test as this test is sensitive to departures
from normality. If the data is from a non-normal distribution, Bartlett’s test may be testing for non-
normality rather than significant differences in variation.

One pig was removed from the trial data as it showed relatively poor weight gain throughout the
whole trial (start weight 46kg, finish weight 64kg). Clinical records showed this pig to show some
evidence of depression and mild anorexia during the second week of the Pasteurella infection period
(15 weeks of age) but minimal evidence of lung damage was demonstrated with the CT scanner. This
pig was obviously ill, but as there was no evidence that this was due to respiratory disease, so it was
removed from the trial.

4.2 Literature Review: Factors that impact on the expression of respiratory disease and how
to monitor them

The published literature was reviewed to identify risk factors associated with respiratory diseases,
along with host responses to single or multiple pathogens and environmental factors that exacerbate
disease. From the literature, the most important parameters for respiratory disease expression were
identified. Physiological responses to infection, such as pathogen load, pathogen virulence, the humoral
and innate immune response to infection and the presence of multiple pathogens were examined to
identify their impact on variation in disease expression. Management practices that impacted on
respiratory diseases were also investigated including production flows, cleaning and disinfection,
ventilation, air quality (dust and ammonia), stocking rates, mixing of pigs, introducing new pigs,
fluctuating temperatures and season were also studied with respect to respiratory disease expression.
Although genetics almost certainly impacts on disease expression, its impact was more difficult to
quantify. The multifactorial nature of respiratory disease means that a combination of pathogen load,



clinical disease, immune response and air quality may need to be measured to estimate the impact of
respiratory diseases on farm.

This literature review focussed on the bacterial pathogens and diseases of major importance to
Australia including the causes of enzootic pneumonia (M.hyopneumoniae) and pleuropneumoniae
(A.pleuropneumoniae), with less emphasis on the causes of pneumonic pasteurellosis (P.multocida), and
Glassers disease (H.parasuis).

This project also investigated how diagnostic assays developed to monitor respiratory disease
expression in experimental challenge trials could be modified to monitor disease at the herd level
using samples and techniques that are cost-effective and realistic in commercial pig herds. Measuring
respiratory disease expression in commercial herds is complicated by non-specific clinical signs,
serological and DNA detection assays (polymerase chain reaction) with poor sensitivity and specificity,
and the underestimation of lung damage at slaughter due to lung tissue recovery in the intervening
weeks. Antibody responses and pathogen loads need to be measured in clinical material other than
broncho-alveolar lavage (BAL) fluid, due to the difficulty in collecting it. The literature review
investigated air samples and oral fluids as alternative samples for antibody detection and quantification
of pathogen loads. There is minimal literature that investigates respiratory disease expression at the
herd level, so this project will review the published studies into components of disease expression
that could help guide future research priorities into optimal samples and diagnostic assays for
measuring respiratory disease expression in real time at the herd level. The ultimate aim of this work
is to search the literature for immune markers or pathogen loads that correlate with pneumonia and
the associated production losses to provide real time monitoring of respiratory health or disease at
the herd level.



5. Results

5.1 Investigate the impact of single or multiple respiratory pathogens on variation in
slaughter weight, feed intake and variation in whole carcass composition.

5.1.1  Weekly weights, average daily gain and slaughter weights

Pigs challenged with Mhp did not have significantly different mean weights or variation in weights in
the 3 weeks post Mhp challenge (data not shown for || to 14 weeks). Subsequently, pigs challenged
with both Pm and Mhp were significantly lighter than all other treatments at 16 and |8 weeks of age
(Table 3). At 18 weeks of age (week 4 post Pm challenge), Mhp+Pm pigs were |2kg lighter than control
pigs (Table 2). This did not translate into significant variation in pig weights between treatments,
although there was a trend for greater variation in the Pm group at |7 weeks (P=0.143, not shown).

The dramatic impact of multiple pathogens on pig weight was reported previously (APL report #
1870), but was even larger at 20 weeks of age, when pigs challenged with both Pm and Mhp were |6kg
lighter than controls. P.multocida challenged pigs were 10kg lighter and Mhp challenged pigs were 4kg
lighter than controls.

Table 3: Mean pig weights (kg) post Pasteurella challenge for control pigs (1), pigs challenged with single
infections of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Treatment 14 weeks I5 weeks 16 weeks 17 weeks I8 weeks
| — Control 46.06° 52.2° 59.34° 65.35° 72.68°
2 —Pm 46.36° 45.95° 53.24° 59.27*° 67.7°
3-Mhp 47* 52.2° 57.92%° 61.8>° 70.77°
4 — Mhp+Pm 44.79* 42.58° 47.02¢ 55.14° 60.53°

** Different superscripts indicate significant difference between values in a column (P<0.05)

The most significant impact of Pasteurella infection on ADG occurred in the first week post Pm
challenge (Table 4, week 14). The mean ADG for multiple pathogens was significantly lower than all
other treatments at this time (P<0.001). The impact of the multiple infections continued for another
week, relative to the control and Pm only treatments, but surprisingly the Mhp+Pm treatment showed
a significantly greater mean ADG than all other treatments in week 3 post Pm challenge (Table 4).

Variation in ADG was also significantly greater in the first week post Pm challenge, with both groups
of Pasteurella challenged pigs having greater variation than control or Mhp only pigs (Table 5). All
infected pigs showed more variation in ADG than the control pigs at week 3 post challenge, but by
week 4 there was no significant difference in ADG variation between treatments. There was no
difference in variation between a single Pm infection and a combined infection (Mhp+Pm) in any week.

M.hyopneumoniae challenge did not significantly reduce mean ADG, but there was a trend towards
reduced ADG at 2 weeks post challenge (P = 0.132). Mhp challenge did not increase variation in ADG
either, but increased variation was observed in control pigs at |3 weeks of age (not shown).



Table 4: Average daily gain (kg) post Pasteurella challenge for control pigs (1), pigs challenged with single
infections of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Treatment 14 weeks 15 weeks 16 weeks 17 weeks
| — Control 0.887° 1.001° 0.859* 1.047¢
2 —Pm -0.058° 1.042° 0.862° 0.875*¢
3—-Mhp 0.743* 0.814*¢ 0.557° 1.281°
4 — Mhp+Pm -0.316° 0.635¢ [.161°¢ 0.77¢

** Different superscripts indicate significant difference between values in a column (P<0.05)

Table 5: Bartlett’s test for significant variation in pig average daily gain between treatments

Treatment 4 weeks I5 weeks 16 weeks 17 weeks
Control 0.031* 0.054° 0.022* 0.047°
Pm 0.21° 0.113° 0.108° 0.043*
Mhp 0.034° 0.014° 0.077° 0.104°
Mhp+Pm 0.177° 0.123° 0.112° 0.064°

** Different superscripts indicate significant difference between values in a column (P<0.05)

At 17 weeks of age, pigs challenged with multiple pathogens were on average gaining 277g per day less
than control pigs. Pigs challenged only with Pm gained on average 172g less than control pigs.
Interestingly, the Mhp pigs made a strong recovery in ADG at 17 weeks and were gaining 234g per
day more on average than the control pigs (Table 4).

Somewhat surprisingly, pigs challenged with Mhp alone had significantly higher total weight gain and
average daily gain over the whole trial period, compared with control pigs or pigs challenged with both
pathogens (Table 6a). The unexpected transmission of P.multocida to control pigs in the last weeks
prior to slaughter may help explain why Mhp pigs had higher growth rates than the control pigs over
the whole trial period.

Table 6a: Mean slaughter weights and weight gains for control pigs (1), pigs challenged with single infections
of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

T LI il I ool [ ol i
(10-13 weeks)

| — Control 14-16 100.9° 22.14 53.55° 76.17 0.794*

2-Pm 15-16 103.9° 22.08° 56.49° 79.13%" 0.824*°

3 — Mhp 15 110.7° 23.06° 63.7° 86.76° 0.904°

4 — Mhp+Pm le-17 100.7° 20.9° 55.33 76.48° 0.797°

*® Different superscripts indicate significant difference between values in a column (P<0.05)

There was no significant difference in variation of slaughter weights or total weight gains between
treatments, however pigs infected only with Mhp showed a trend for decreased variation in their
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slaughter weights (P=0.136). There was also a trend for Mhp infected pigs to have less variation in
weight gain at 10 to 13 weeks (P=0.181) as well as over the whole trial (P=0.131). Any differences in
slaughter weights between treatments may have been masked due to the unexpected transmission of
P.multocida to the control pigs in the weeks prior to slaughter, which resulted in the death of two pigs
in this group.

5.1.2 Average daily feed intake and gain to feed

M.hyopneumoniae challenge did not significantly reduce mean ADFI, however there was a trend
towards reduced ADFl in Mhp challenged pigs at 12 weeks of age (P=0078, data not shown). However,
significant variation in ADFI between treatments was observed at 12 and |3 weeks of age (Table 6b).
Variation in ADFI increased significantly in the control pigs at 12 weeks and persisted to |3 weeks.
Surprisingly, significantly reduced variation in feed intake was observed in Mhp challenged pigs at |13
weeks, but as there were significant differences between the two Mhp replicates (Mhp and Mhp+Pm),
this variation is more likely to be due to environmental causes rather than the effect of the disease.

Table 6b: Bartlett’s test for significant variation in average daily feed intake between treatments

Treatment Il weeks 12 weeks I3 weeks
Control 122,229* 250,762° 221,464*¢
Pm 199,543* 89,287° 124,603°
Mhp 97,166 64,130° 45,220°
Mhp+Pm 117,689* 96,708° 149,690¢

** Different superscripts indicate significant difference between values in a column (P<0.05)

The most significant impact of Pasteurella infection on ADFI occurred in the first week post Pm
challenge. The mean ADFI for Pm infected groups were significantly lower than control and Mhp only
treatments at this time (P<0.001). Pigs challenged with multiple infections showed significantly reduced
mean ADF| compared to all other treatments at |5 weeks and continued to be significantly lower than
the control pigs (Table 7).

Table 7: Mean average daily feed intake (g/day) post Pasteurella challenge for control pigs (1), pigs
challenged with single infections of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Treatment 14 weeks I5 weeks 16 weeks 17 weeks
| — Control 1,925° 2,214* 2,280° 2,583°
2 —Pm 1,059° 1,916 2,024>° 2,390°
3-Mhp 1,808° 2,054* 1,954° 2,252°
4 — Mhp+Pm 870° 1,227° 1,803° 2,144°

*® Different superscripts indicate significant difference between values in a column (P<0.05)

Variation in ADFI was significantly greater in the second and third week post Pm challenge, with both
groups of Pasteurella challenged pigs having greater variation than control or Mhp only pigs (Table 8).
However, by 17 weeks of age, there was no difference in variation between treatments. Variation in



ADFI was not significantly different between pigs challenged with Pm alone or challenged with both
pathogens at any week.

Table 8: Bartlett’s test for significant variation in pig average daily feed intake between treatments

Treatment 14 weeks I5 weeks 16 weeks I7 weeks
Control 148,904° 90,380° 37,247° 131,973%
Pm 278,094 317,252° 301,363° 156,466°
Mhp 58,163° 47,491° 37471° 91,947°

Mhp+Pm 141,333 360,984° 151,443° 202,094

** Different superscripts indicate significant difference between values in a column (P<0.05)

After Pm challenge, Mhp+Pm pigs ate 745g (46%) less than they had the week before. Pigs challenged
with Pm only also ate 799g (43%) less than they had the previous week before infection, while both
control and Mhp only pigs increased their feed intakes in the same time (Table 9). By 17 weeks of age
pigs infected with multiple pathogens were still eating less (439g/day) feed than the control pigs. Mhp
only pigs were eating 331g less and Pm only pigs were eating 193g less on average per day than the
controls (Table 7). Vets trying to medicate sick pigs in feed need to take into account this significant
reduction in feed intake following Pasteurella infection.

Table 9: Change in average feed intake dfter Pasteurella challenge

Treatment Average feed intake 13 Average feed intake 14 Percentage change
weeks weeks (after Pm challenge)

Control 1598 1925 +20.5%

Pm 1858 1059 -43%

Mhp 1665 1808 +8.6%

Mhp+Pm 1615 870 -46.1%

In the period following Mycoplasma challenge, there were significant differences between gain to feed
means at || and 12 weeks of age, but as these were between replicates, it is likely that environment
played a role in these differences. Variation in gain to feed measures during Mhp infection could not
be attributed to the Mhp challenge for the same reason.

The most significant impact of Pasteurella infection on gain to feed occurred in the first week post Pm
challenge (14 weeks). The mean gain:feed for Pm infected groups were negative (ie. the pigs lost
weight) and were significantly lower than control and Mhp only treatments at this time (P<0.001).
However, Pasteurella challenged pigs appeared to increase gain to feed ratios quickly, with no significant
difference between treatments at |15 weeks (Table 10). Surprisingly, Mhp+Pm pigs showed significantly
higher gain to feed relative to all other treatments at 16 weeks, showing a rapid recovery from their
weight loss at 14 weeks. Both groups of pigs challenged with Pasteurella showed reduced gain to feed
over the 4 week post infection period (Table 10).
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Table 10: Mean gain to feed post Pasteurella challenge for control pigs (1), pigs challenged with single
infections of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Treatment 4 weeks 15 weeks 16 weeks 17 weeks Total period
| — Control 0.471° 0.456° 0.381° 0411° 0.426°
2 —-Pm -0.591° 0.544° 0.348° 0.37° 0.38°
3-Mhp 0414 0.399° 0.285° 0.582° 0.425°
4 — Mhp+Pm -0.672° 0476 0.645° 0.368° 0.364°

** Different superscripts indicate significant difference between values in a column (P<0.05)

Variation in gain to feed was also significantly greater in both groups of Pasteurella challenged pigs in
the first week post infection, which persisted throughout the trial for multiply challenged pigs, but only
to |16 weeks for Pm only pigs (Table | I). Over the four week period, multiple infections lead to greater
variation in gain to feed than control and Pm only pigs.

Table | I: Bartlett’s test for significant variation in pig gain to feed between treatments

Treatment 14 weeks 15 weeks 16 weeks 17 weeks Total period
Control o.ol1l* 0.009*° 0.007° 0.003° 0.0014°
Pm 1.971° 0.013° 0.166° 0.005° 0.002°
Mhp 0.01° 0.004° 0.018¢ 0.022° 0.0022*°
Mhp+Pm 0.842° 0.053¢ 0.011*>¢ 0.013° 0.0054°

** Different superscripts indicate significant difference between values in a column (P<0.05)

5.1.3 Carcass composition — Lung lesions

Pigs challenged with Mhp (groups 3 and 4) had significantly pneumonic lesions than uninfected pigs
(groups | and 2) at the first scan (3 weeks post Mhp challenge), with only five control pigs showing
lung lesions (less than 2% affected) (Table 12, Scan I). There was also significantly more variation in
the percentage of pneumonia affected lung in the Mhp challenged groups, with significant differences

in variation seen between the two Mhp replicates (groups 3 and 4) at scan | (Table I3, Scan I).

Table 12: Mean pneumonia lung lesion percentage for control pigs (1), pigs challenged with single infections
of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA). Lung lesion % have been logo +
0.1 transformed.

Treatment Scan | Scan 2 Scan 3
| — Control -0.886° -0.965° -0.398*
2 —Pm -0.804° 0.426° 0.29°

3-Mhp 0.168° 0.778¢ -0.4172
4 — Mhp+Pm 0.115° 1.098¢ 0.656°

** Different superscripts indicate significant difference between values in a column (P<0.05)
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Two to three weeks after subsequent challenge with Pasteurella (scan 2), pigs challenged with both
pathogens had the highest mean percentage of pneumonia relative to all other treatments, suggesting
that the earlier Mhp induced lesions had not yet resolved. Interestingly, the percentage of pneumonia
affected lungs continued to increase between scan | and 2 (2.5 and 5.5 weeks after initial Mhp
challenge) in pigs challenged with Mhp alone, suggesting that pneumonia lesions induced by Mhp
required more than 3 weeks to be detected by the CT scanner. Pigs challenged with Pasteurella alone
had lower lung lesions scores than pigs challenged with both pathogens at scan 2, but not scan 3. Both
Pm challenged groups had significantly higher mean lung lesions at Scan 3 than the other two
treatments, with most lesions resolving in the Mhp only treatment (Table 12).

Table |3: Bartlett’s test for significant variation in pig lung lesions (%) between treatments. Lung lesion %
have been logio+ 0.1 transformed.

Treatment Scan | Scan 2 Scan 3
[-Control 0.102 0.019° 0.433°
2-Pm 0.181*¢ 0.602° 0.636°
3-Mhp 0.445° 0.05¢ 0.323°
4-Mhp+Pm 0.315¢ 0.098¢ 0.181°

** Different superscripts indicate significant difference between values in a column (P<0.05)

The greatest variation in percentage pneumonia affected lung was seen in the Pm only challenged pigs
at scan 2 relative to all other treatments (Table 13). While Mhp+Pm challenged pigs had the least
variation at Scan 3, there was no significant difference in variation between treatments at this time.

5.1.4 Carcass composition — Muscle and fat

As there is no ‘time zero’ (i.e. before Mhp challenge) scan, it is not possible to draw valid conclusions
as to the effect of Mhp on body composition. However, comparison of the two replicates of Mhp
challenged pigs (3 and 4) with the control pig replicates (I and 2) at Scan | can give some indication
as to whether the disease has caused changes in body composition.

Table 14: Mean P2 fat and muscle depth (mm) for control pigs (1), pigs challenged with single infections of
Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Scan | Scan 2 Scan 3
Treatment
P2 Fat P2 Mus P2 Fat P2 Mus P2 Fat P2 Mus
| — Control 3.35% 30.31° 5.4 39.84° 6.76* 44.48*
2 —-Pm 391 29.94* 4.96>° 37.05* 6.8* 43.83*
3—-Mhp 4.09* 33.96° 5.43* 3941 6.36* 44.64*
4 — Mhp+Pm 3.452 32.16*" 3.97° 36.22° 4.94° 42.62*

** Different superscripts indicate significant difference between values in a column (P<0.05)

There was no significant difference in mean P2 fat depth 3 weeks after Mhp challenge (Scan 1), but
there was a trend toward increased fat depth in one Mhp replicate (3) (P=0.128). There was a
significant difference in P2 muscle at this time, with the Mhp replicate (3) having greater muscle depth
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than the control pigs (I and 2) (Table 14). Variation in P2 fat and muscle was not significantly different

between treatments (+ Mhp, results not shown), however the control replicate tended to have more
variation (P=0.055).

Two to three weeks after Pasteurella challenge, Mhp+Pm pigs had significantly lower mean P2 fat depth
relative to the Mhp only and control pigs, and this continued to 6 weeks post Pm challenge (Table 14,
scan 2 and 3). While there was no significant difference in mean P2 muscle between treatments at
Scan 2 and 3, there was a trend for Mhp+Pm pigs to have less muscle depth at Scan 2 (P=0.158) (Table
14).

Respiratory diseases had no effect on variation in P2 muscle depth in this trial. However, variation in
P2 fat depth was significantly lower in both groups challenged with Pasteurella at 5 to 6 weeks post
challenge (Scan 3, not shown). Control and Mhp pigs tended to be more variable in P2 fat depth at
Scan 2 (P=0.128), while both Pm challenged groups tended to be more variable for P2 muscle at the
same time (P=0.07).

Mycoplasma infection did not affect either the mean or variation in the percentage volume of fat or
muscle (Table I5, scan |). However, there was a trend for increased mean % fat in Mhp challenged
pigs (group 3) relative to control pigs (group |) (P = 0.077), but this wasn’t supported across both
replicates of infected and control pigs, suggesting that environmental factors may also be relevant.
While there was no overall effect of treatment on variation, there was a trend for increased variation
in % fat in one of the Mhp infected replicates compared to one of the control replicates. When both
infected and control replicates were included, there was no effect of treatment on variation in %fat;
that is variation was greatest between replicates within the same treatment.

Table 15: Mean percentage weight of fat and muscle for control pigs (1), pigs challenged with single
infections of Pm (2) or Mhp (3) or pigs challenged with both pathogens (4) (ANOVA).

Scan | Scan 2 Scan 3
Treatment
% Fat %Muscle % Fat %Muscle % Fat %Muscle
| — Control 9412 64.88: 13.122 62.632 |5.062 61.272
2 —-Pm 10.582 63.552 12.692 62.532 |5.092 61.24-
3-Mhp 11.032 63.662 12.682 63.022 14.382b 61.48:
4 — Mhp+Pm 10.112 64.42- 10.24b 64.870 [2.256 63.482

ab Different superscripts indicate significant difference between values in a column (P<0.05)

Two weeks after secondary challenge with Pasteurella, pigs challenged with multiple pathogens had
significantly reduced % fat and increased % muscle relative to all others (Table |5, scan 2). Five to six
weeks after Pm challenge (Scan 3), pigs infected with multiple pathogens showed a reduced fat
percentage compared to Pm only and control pigs. There was also a trend for Mhp+Pm pigs to have
greater mean muscle percentage at Scan 3 (P=0.13). There was no significant effect on fat or muscle
variation after Pasteurella challenge (data not shown).
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5.2 Literature Review: Factors that impact on the expression of respiratory disease and how
to monitor them

5.2.1  Respiratory disease definitions

Many potential bacterial pathogens colonize the nasal cavity or tonsils of pigs, but the host’s defence
mechanisms prevent damage or spread to the lungs. Primary pathogens are able to avoid these defence
mechanisms and infect the lungs. Secondary or opportunistic pathogens are found in healthy pigs and
require some modulation or compromise to the immune system before they can establish infections.
Although primary respiratory pathogens can cause serious disease on their own, many cause
uncomplicated infections with mild and transient disease. However, when these primary infections
become complicated with opportunistic bacteria the severity of clinical signs and pneumonic lesions
increases. Primary agents in pigs include Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae,
Bordetella bronchiseptica, porcine reproductive and respiratory syndrome virus (PRRSV), swine
influenza virus (SIV) and porcine circovirus type 2 (PCV2). Secondary or opportunistic pathogens
include Pasteurella multocida Mycoplasma hyorhinis, Haemophilus parasuis, Streptococcus suis, Actinobacillus
suis, Arcanobacterium pyogenes and Escherichia coli (Van Alstine, 2012).

Respiratory diseases can affect the nasal turbinates of pigs causing atrophic rhinitis (B.bronchiseptica
and P.multocida). Pathogens can also affect the lungs causing pneumonia, including A.pleuropneumoniae,
A.suis, M.hyopneumoniae, H.parasuis, S.suis, P.multocida, B.bronchiseptica, SIV, PCV2 and PRRSV, though
this last virus is not present in Australia. Many respiratory pathogens are ubiquitous in commercial
production facilities, so infection with multiple infectious agents (both bacteria and viruses) is not
uncommon. The term porcine respiratory disease complex (PRDC) is used to describe the disease
caused by multiple pathogens, which is exacerbated by environmental, genetic and management factors
(Brockmeier et al., 2001). This literature review will focus on the pathogens and diseases of major
importance to Australia including the causes of enzootic pneumonia (M.hyopneumoniae) and
pleuropneumoniae (A.pleuropneumoniae), with less emphasis on the causes of pneumonic pasteurellosis
(P.multocida), and Glassers disease (H.parasuis).

Non-infectious factors also contribute to the expression of disease including the host’s genetics and
immune status and environmental and management factors including air quality, temperature, humidity,
nutrition, herd size and production flows. All of these factors can be measured and, if correlated with
production parameters, may prove helpful in monitoring respiratory disease expression and recovery
in pig herds.

5.2.2 Why is respiratory disease important to the Australian pig industry?

The most prevalent respiratory diseases are pneumonia, pleuropneumonia and pleurisy, with high
morbidity and variable mortality, depending on the causative agents. The economic impact of
respiratory diseases are considerable, due mainly to reduced growth and feed efficiency and to the
prevalence of disease (Straw et al., 1990). Significant economic losses are also due to increased
medication use or other treatment costs. Enzootic pneumonia has been reported to impact on ADG,
ADFI, feed efficiency and carcass composition in pigs naturally or experimentally challenged with
M.hyopneumoniae (Eamens et al., 2007; Escobar et al., 2002; Maes et al., 1999; Maes et al., 1996; Morris
et al,, 1995a; Wyburn et al,, 2015). Linear relationships between pneumonia severity and pig growth
have been derived (Straw et al., 1989), although there is evidence that low levels of pneumonia do not
greatly affect growth and that growth may be a poor indicator of pneumonia severity (Eamens et al.,
2007; Eamens et al, 2011). Reductions in growth rate and feed efficiency of up to 26% and 20%
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respectively have been reported (Zimmerman et al, 1973). Pigs naturally infected with
M.hyopneumoniae as growers suffered reduced growth by 12.7%, but this was increased to 15.9% in
pigs infected as weaner-growers with feed conversion reduced by 13.8% (Pointon et al., 1985).
Another estimate of pneumonia’s impact indicated that every 10% of lung affected with pneumonia
reduced average daily gain by between 24.8 and 37.5g and feed efficiency by 4.5% or up to 13.4% in
pigs with 50% of lung volume affected (Straw et al., 1990; Straw et al., 1989).

The cost of pneumonia in Australian herds was estimated to be A$2.80 per pig, where growth losses
equated to 12 to 5% in grower/finisher pigs and 40% of lungs were affected with pneumonia at
slaughter (Pointon et al.,, 1985). A British study found that the cost of pneumonia varied from £1 to
£5.70 per pig when the extent of pneumonia increased from 5% to 20% of lung volumes (Burch, 2007).
The cost of NZ $1 was estimated for every percent of lung volume affected with pneumonia
(Christensen, 1995). The economic and production impacts of respiratory diseases are more severe
if they occur early in life (Morris et al., 1995a; Sitjar et al., 1996) or are aggravated by other diseases
or an adverse environment (Brockmeier et al., 2001; Donham, 1991; Hamilton et al., 1999; Pointon et
al., 1985).

The prevalence of pneumonia lesions at Australian abattoirs has been reported to be as high as 47%
(Pointon and Sloane, 1984), with one study showing extremely high within herd prevalence (greater
than 70%) in up to 21% of herds (Pointon, 1990). World-wide, enzootic pneumonia has been estimated
to be present in 96% of pig herds, and the prevalence in US herds has been estimated to be as high as
70% of pigs (Muller and Abbott, 1986).

Increasing pneumonia severity also led to increased numbers of days to slaughter and reduced live
weight at slaughter (Christensen, 1995). M.hyopneumoniae infection did not affect whole body fat or
protein accretion but did increase muscle depth at the P2 back position (Eamens et al., 2007; Escobar
et al,, 2002). However, when M.hyopneumoniae was combined with a secondary P.multocida infection,
pigs showed a significantly reduced P2 back fat depth and total percent body fat and an increased
percent muscle volume (Eamens et al., 2007).

Stimulation of the immune system by respiratory pathogens can impact on the pig’'s metabolism, as
nutrients and energy are sequestered away from muscle deposition for the production of acute phase
proteins, antibodies and cytotoxic and regulatory T cells to help fight infection (Black and Pluske,
201 I). In particular it is the release of pro-inflammatory cytokines, causing fever, anorexia and lethargy,
which impact on metabolism. M.hyopneumoniae infection alone (Woolley et al., 2012; Woolley et al.,
2013) or a combined infection with PRRS resulted in the production of pro-inflammatory cytokines
(IL-1B, IL6 and TNFa ), which are associated with increased severity and duration of pneumonia
(Thacker et al., 2000). Pneumonia induced by P.multocida alone or combined with prior
M.hyopneumoniae infection had adverse impacts on energy intake and retention, resulting in energy
intakes of less than 25 MJ/d and energy retentions of less than 10 MJ/d during the acute phase of
disease in grower pigs (Eamens, 2006).

Significant variation in pig production, particularly ADG, ADFI, gain:feed ratio and days to slaughter
has been reported when M.hyopneumoniae infection occurs in combination with other bacterial and
viral respiratory pathogens, exacerbating production losses relative to single infections (Collins and
Wyburn, 2015; Opriessnig et al., 201 1). Variation in production parameters due to pneumonia is
perhaps not surprising considering the variation also observed in the volume of pneumonic lesions
between pigs challenged with the same dose of M.hyopneumoniae and housed under the same
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environmental conditions (Lorenzo et al, 2006; Sibila et al, 2007). Variation in the severity of
pneumonic lesions suggests significant variation in the pigs’ immune response to infection. As energy
is required to raise an effective immune response, it is also likely that pneumonia causes variation in
energy expenditure and the resultant pig growth (Bray et al., 1995). Variation in growth within batches
of pigs can compromise all-in all-out (AIAO) production and extend time to slaughter. Variation in
carcass composition can incur penalties at processing, reducing profit and limiting marketing options
(Payne et al,, 1999).

Although variation in growth and feed intake in pigs is acknowledged to be an obstacle to efficient
production by increasing the proportion of ‘tail-ender’ pigs (Magowan et al., 2007; Patience et al., 2004;
Payne et al.,, 1999), very little research has focused on the impact of chronic and acute disease on
variation in production parameters. Variation in growth and feed intake will have significant effects on
the length of time needed for a batch of pigs to reach slaughter weight, and the uniformity of carcass
composition at processing (Collins and Wyburn, 2015).

Variation in market weight impacts on profitability by increasing housing costs per pig, due to delayed
emptying of sheds for light weight pigs in AIAO production (Magowan et al., 2007). To avoid variation
in market weight, producers often sort pigs on weight before sale. However, mixing pigs or changing
to continuous flow production increases the risk of further outbreaks of pneumonia (grosse Beilage
et al.,, 2009) and frequent mixing of pigs may increase fighting and stress (Maes et al., 2008). Marketing
pigs at different slaughter weights to the most appropriate buyer will allow continuation of AIAO
production, but can incur additional costs in sorting and transport.

Variation in carcass size, shape and composition will also affect profitability due to increased processing
times for handling non-uniform carcasses and increased numbers of carcasses failing to meet the target
grade (Patience et al., 2004; Tokach, 2004). Although increased variation in fat and muscle percentages
or P2 muscle depth could not be demonstrated in pigs experimentally affected with pneumonia (Collins
and Wyburn, 2015), it is possible that this could change under field conditions. Additional
environmental stressors, such as repeated challenge, temperature fluctuations, ammonia and dust
particles, are likely to exacerbate the immune response to pathogen challenge and could lead to more
significant variation in production parameters and body composition (Stark, 2000).

Vaccination, medication and eradication are the main tools used to control respiratory disease in pigs,
and all incur significant costs to the producer. Eradication of M.hyopneumoniae has been undertaken
extensively in Finland, Denmark and Switzerland using the “Swiss depopulation” method, where all
animals under 10 months of age are removed from the herd. The remaining pigs are medicated with
antibiotics and then production can recommence. This protocol has been modified in Canada and the
US to include vaccination of the breeding herd. This is obviously a costly procedure in terms of time
and money, so great care needs to be taken to prevent the re-introduction of respiratory pathogens
into naive herds. The distance to the closest farm, the size of the neighbouring farms and the pig
density in the area are all important factors in the risk of re-infection post eradication of respiratory
disease (Stark et al., 1992). In Finland, eradications are undertaken on a broad scale and all farrowing
sows are tested for M.hyopneumoniae antibodies in colostrum to demonstrate the pneumonia-free
status of the herd. The ELISA is more sensitive on colostral samples than on serum (Sorensen et al.,
1993), but more than 30 colostrum samples are needed per herd to demonstrate freedom from
disease (Rautiainen et al., 1996).
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M.hyopneumoniae vaccination can improve pig performance; reduce clinical signs, lung lesions and the
number of days to slaughter (Haesebrouck et al., 2004), but no vaccines are currently able to prevent
colonisation by respiratory pathogens. Vaccination with M.hyopneumoniae does not lead to a humoral
immune response in all vaccinated animals; the proportion of animals seroconverting varies from 30
to 100% (Maes et al., 2008; Sibila et al, 2004). Serum antibodies to M.hyopneumoniae do not
demonstrate protection from pneumonia (Djordjevic et al., 1997). Vaccination also induces a cell
mediated immune response, with elevated numbers of IFN-y secreting cells, suggesting that IFN-y
may be important in protection against M.hyopneumoniae (Thacker et al., 2000). Vaccines can also
reduce the prevalence of M.hyopneumoniae found in the nasal cavity and tonsils, and induce
seroconversion in a greater proportion of pigs at an earlier time following secondary natural exposure
(Sibila et al., 2007).

Vaccinating sows at the end of gestation will protect piglets due to the transfer of maternal antibodies
in the sow’s colostrum and milk (Sibila et al., 2006). However, maternal antibodies do not prevent
M.hyopneumoniae colonization (Thacker, 2006). Pigs can be vaccinated pre-weaning, to prevent
transmission from the sow, but maternal antibodies may interfere with the vaccine.

Demonstrating the efficacy of vaccines against respiratory disease is hampered by the presence of
confounding disease factors. Other respiratory pathogens and environmental conditions can continue
to cause clinical respiratory disease signs or production losses. The two most common ways to
evaluate the efficacy of M.hyopneumoniae vaccines in real time are monitoring coughing scores and
serology. If coughing scores or production losses don’t improve following vaccination, then further
investigations are needed to determine what other pathogens or conditions may be causing the
observed respiratory disease.

Control of respiratory disease with antimicrobials is often effective because they can work against
several pathogens and they are usually more cost effective. However, continued antimicrobial use can
select for resistance in pathogenic bacteria and care needs to be taken to ensure that antimicrobial
residues are not present in food animals. Antimicrobials also do not prevent attachment and infection
by M.hyopneumoniae.

5.2.3 What parameters can be measured and do they correlate with expression of respiratory disease?

Respiratory disease prevalence and severity can be estimated using a wide range of parameters
including clinical signs (fever, coughing, and dyspnea), lung lesions at slaughter, immune response
(serum and colostral IgG) and pathogen detection in tissue or secretions of affected pigs. The non-
specific nature of clinical signs associated with respiratory disease mean that it is quite difficult to
measure the impact of specific respiratory diseases in real time. Coughing, fever, dyspnoea, lethargy
and inappetance may be due to one of many respiratory pathogens (Table |6). While production
measures such as feed intake and weight gain are related to the severity of pneumonia, they are not
specific measures for respiratory pathogens. Lung lesions at slaughter are an accurate measure of
pneumonia or pleurisy severity but only provide evidence of previous disease and therefore delay the
implementation of disease controls. In the following section, the diagnostic assays developed to
diagnose respiratory disease will be evaluated for their ability to measure disease expression.
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Table 16: Clinical signs caused by respiratory pathogens of pigs

Pathogen Clinical signs

H.parasuis Fever, coughing, paddling, trembling, reduced growth, lameness and lateral
recumbency, dyspnoea (laboured breathing)

M.hyopneumoniae Fever*, dry, non-productive cough in finishers, decreased appetite*, lateral
recumbency* and dyspnoea*

P.multocida Sneezing and snout deformation

A.pleuropneumoniae Fever, anorexia and apathy, coughing more common with chronic disease,
dyspnoea

B.bronchiseptica Coughing sneezing, nasal discharge, lethargy, dyspnea

Influenza A virus Fever, anorexia, huddling, rapid breathing and coughing

* Occur with secondary infections

Coughing scores

Coughing scores focus on calculating the percentage of coughing outbreaks for groups of pigs within
a short period after moving them (Nathues et al,, 2012). A strong positive correlation between
coughing and lung lesion score has been shown in experimental M.hyopneumoniae challenge trials
(Kobisch et al., 1993). Gross lesions of pneumonia four weeks after experimental challenge with
different field isolates of M.hyopneumoniae correlated strongly (Spearman’s correlation coefficients >
0.8) with the number of coughing days, the severity of coughing and the intensity of
immunofluorescence antibodies bound to M.hyopneumoniae in lung tissue (Vicca et al., 2003). However
the sensitivity and specificity of coughing as an indicator of lung lesions in commercial herds at slaughter
was only moderate (37.7% and 76.3% respectively). Coughing is not considered a specific clinical sign
to identify the cause of respiratory disease (Morris et al., 1995a), although a dry, non-productive cough
in finisher pigs is a strong indication of enzootic pneumonia. In experimentally infected pigs, chronic
non-productive coughing occurred 10 to 16 days after M.hyopneumoniae challenge, but the timing of
coughing is much more variable under field conditions. In field studies, coughing scores failed to detect
30% of infected herds (Sorensen et al,, 1993) and are considered unlikely to detect sub-clinically
affected herds (Keller, 1976). More recently software has been developed capable of automatically
detecting coughing and of distinguishing between coughs from healthy pigs (throat cleaning to clear
dust), and coughs by pigs infected with Pasteurella multocida and A.pleuropneumoniae (Giesert et al.,
201 1). However, this has yet to be evaluated extensively under field conditions.

While coughing is not considered to be a good indicator of respiratory disease when used on its own,
it could prove useful in a combined respiratory health (RHS) score. (Hoeltig et al., 2009). An RHS
score was developed for pigs infected with A.pleuropneumoniae, which combined lung lesions measures
(sonographic and radiographic) with clinical scores. Clinical scores measured general appearance and
behaviour of the pig (feed intake, temperature, vomiting and recumbency), as well as specific
respiratory disease signs (breathing noise, dyspnoea, coughing and cyanosis). The ultrasound and
radiography measured lung alterations in real time and scored tissue on the level of damage. Obviously
these lung lesions measures are not practical in commercial herds.

Clinical signs (coughing) and lung lesions can provide a tentative diagnosis of enzootic pneumonia, but
laboratory tests (pathogen or antibody detection) are required for a conclusive diagnosis at the herd
level. Diagnosis of enzootic pneumonia from 59 German pig herds using coughing index was
strengthened by including the M.hyopneumoniae PCR results from bronchoalveolar lavage (BAL) fluid
and serology results using the blocking ELISA. If these herds were segregated into high (= 50% positive)
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and low (< 50% positive) prevalence of M.hyopneumoniae based on serology and PCR, both pathogen
or antibody detection were strongly associated with the coughing index in the same herd (Nathues et
al., 2012). The authors suggested that enzootic pneumonia was highly likely in herds where the
coughing index was above 2.5% and the seroprevalence was greater than 50%. Alternately, when more
than 50% of pigs in a herd were seropositive, the risk of an increased coughing index was increased
by 50%. The chance of a higher coughing index was increased by 76% in herds where more than 50%
of BAL fluids were PCR positive (Nathues et al., 2012).

Gross lung pathology

Diagnosis of respiratory disease can also be based on gross pathological lung lesions at slaughter, with
the volume of pneumonia lesions scored visually (Goodwin et al., 1969). A minimum of 30 lungs per
batch of pigs needs to be examined at slaughter to reliably estimate the prevalence and severity of
pneumonia at the herd level (Davies et al., 1995; Pointon et al., 1990). If relying on slaughter checks
to diagnose enzootic pneumonia at the herd level, somewhere between 10% and 25% of pigs needed
to be affected with gross lung pathology (Tielen et al. 1978, referenced by (Stark, 2000)). However,
pneumonic lesions at slaughter are not a good indicator of neither the lifetime impact of pneumonia,
nor the peak in pneumonic lesions, nor the associated production effects (Noyes et al., 1990a; Sitjar
et al., 1996). It has been estimated that only one-third of pneumonia lesions from early infection are
still active at slaughter (Wallgren et al., 1994), and a large proportion will have completely resolved
(Stark, 2000).

The volume of pneumonia affected lung tissue can be measured in real time by computed tomography
(CT), because the density of healthy and pneumonic lung tissue differs (Akira et al., 2000). Pneumonia
lesion volumes (estimated by CT) were significantly higher in pigs challenged with M.hyopneumoniae or
P.multocida or both pathogens relative to control pigs (Eamens et al., 2007). The volume of pneumonic
lesions (visualised by CT) also correlates positively with clinical scores (coughing) and negatively with
animal activity, i.e. sick animals were less active.

Diagnosis of respiratory disease is improved when serological, histology or microbiological assays are
performed in combination with clinical coughing scores and lung pathology. A very strong correlation
(0.94) exists between histological lesions of enzootic pneumonia and gross rapid examination at the
abattoir. If histopathology was considered the gold standard in diagnosis, then gross pathology at
slaughter had a sensitivity of 76% and a specificity of 71% (Hurnik et al., 1993). Consecutive monitoring
of pigs every 2 weeks for weight gains, lung lesions (radiography) and antibodies against
M.hyopneumoniae and A.pleuropneumoniae indicated that seroconversion to M.hyopneumoniae
correlated significantly with the peak in pneumonic lesions, and average daily gain correlated negatively
with the average lifetime pneumonia score (total of radiography scores). However, slaughter lesions
did not correlate with the peak in pneumonic lesions or the average lifetime pneumonia score (Sitjar
et al,, 1996). Seroconversion coincides with the onset of coughing, but only moderate agreement
between serology and gross lesions at abattoir have been reported (Morris et al., 1995a; Morris et al.,
1995b).

Serology

Innate immune responses are the first line of attack against pathogens, including phagocytosis, the
production of inflammatory cytokines and acute phase proteins. Acute phase proteins (APP) are
induced by cytokines at the site of injury or infection, but are synthesized by the liver, and thus are
detected in the circulatory system. Increased concentrations of APP are detected following surgery
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(Jacobson et al., 2001), inflammation (Eckersall et al., 1996), immunization (Dritz et al., 1996) and
infection (Heegaard et al., 1998). Cytokines and APPs are considered a good measure of infection
because levels elevate rapidly and conversely they have a short half-life in serum. They are also
detected in sub-clinically affected animals (Eurell et al., 1992). However, they are not a specific measure
of disease, and high variation between individuals makes it difficult to interpret values. However,
cytokines are a good measure of lung tissue damage following both bacterial and viral infections.
Measuring pro-inflammatory cytokines and acute phase proteins will help determine a host’s ability to
resist a pathogen. Measuring antibody titres, pathogen loads and anti-inflammatory cytokines (the
negative feedback mechanism required to dampen the infllmmatory response) may equate more
closely with the host’s ability to recover from infection.

In field studies of pigs with respiratory disease, increased numbers of polymorphonuclear neutrophilic
granulocytes (PMN) and increased concentrations of the antibacterial peptide PR-39 were found in
bronchoalveolar lavage fluid (BALF) (Hennig-Pauka et al., 2007). The PMN cells and PR-39 peptide are
both involved in killing bacteria. The authors suggested measuring proportions of PMN cells (> 8%)
and PR-39 concentrations (> 2.5nM) in BALF, along with an elevated coughing score as good markers
for respiratory disease in pigs. However, PR-39 is also involved in wound repair and later studies
indicated that PR-39 was not a good marker for respiratory disease because PR-39 was found in all
tissue samples of the upper respiratory tract in healthy and diseased pigs (Hennig-Pauka et al., 2012).

Several ELISA methods have been developed for the detection of antibodies to M.hyopneumoniae with
antigen prepared from whole cell extracts or membrane bound proteins. However, most of these are
not specific due to cross-reactivity with M. flocculare and M. hyorhinis. The two most commonly used
commercial ELISAs are the indirect ELISA using a detergent solubilized antigen (Tween 20) (Ross 1999;
Wallgren et al, 1996) and a blocking ELISA using a monoclonal antibody against an internal
M.hyopneumoniae protein (Feld et al., 1992). Both assays are able to accurately identify samples that
are negative for M.hyopneumoniae antibodies, but have poor sensitivity in only detecting 37% and 49%
of positives (indirect ELISA and blocking ELISA respectively) from individual experimentally challenged
pigs (Erlandson et al,, 2005). The blocking ELISA demonstrated higher sensitivity in early infection
compared with the indirect ELISA (Fano et al., 2012). Antigenic variability in M.hyopneumoniae surface
proteins may explain the relatively low sensitivity of the indirect ELISA (Young and Ross, 1987). Both
of the commercial ELISAs show poor sensitivity with vaccinated animals and in naturally exposed pigs
in the first 21 days post infection, so a combination of molecular and serological assays may be needed
to increase the sensitivity for the diagnosis of M.hyopneumoniae infection (Erlandson et al., 2005). The
ELISAs can be used to diagnose both clinical and subclinical mycoplasmal pneumonia on a herd basis,
but are not useful for diagnosis in individual animals (Sorensen et al., 1997). In field trials the blocking
ELISA showed a sensitivity and specificity of the 93—100% and 85-96%, respectively (Sorensen et al.,
1993).

ELISAs against A.pleuropneumoniae have been developed to detect antibodies against capsular
polysaccharides, O-chain lipopolysaccharides or the ApxIV virulence toxin (Dreyfus et al., 2004;
Gottschalk et al, 1997; Inzana and Fenwick, 2001). The capsular polysaccharide ELISA is not
considered specific for A.pleuropneumoniae; where seroconversion in pleuropneumonia-free herds is
reported to be due to cross-reactions with other bacterial antigens (Eamens et al., 2008, 2012).
Numerous studies have compared the sensitivity and specificity of serological assays for
A.pleuropneumoniae and have produced conflicting results, which may be explained by the different
target antigens (Dubreuil et al., 2000; Eamens et al., 2008; Habrun et al., 1998; Opriessnig et al., 201 3).
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An ELISA using the N terminal part of the ApxIV toxin was demonstrated to be 100% specific and
93.8% sensitive on individual pigs experimentally infected with A.pleuropneumoniae (Dreyfus et al,,
2004). While the ApxIV ELISA is highly specific and sensitive for all 15 serotypes of A.pleuropneumoniae,
it can’t differentiate between serotypes and therefore can’t determine if new serotypes of
A.pleuropneumoniae are responsible for disease outbreaks. In addition, the ApxIV ELISA can’t detect
herds infected with A.pleuropneumoniae strains that no longer express ApxIV toxin due to insertion
sequences in the bacterial genome (Tegetmeyer et al., 2008). Serovar-specific ELISAs, like the LPS
ELISA, are useful in studying the epidemiology of A.pleuropneumoniae in herds, where disease is
associated with known serovars of A.pleuropneumoniae (Beynon et al., 1992).

Serum IgG antibodies to A.pleuropneumoniae can be used to diagnose pleuropneumonia at the herd
level, with antibodies detected between two and four weeks after challenge (Marois et al., 2009) and
two weeks after vaccination, depending on the adjuvant used (Hall et al., 1989). However, the delay in
antibody production means that serology is often not useful for diagnosing pleuropneumonia in per-
acute or acute cases, where pigs may die within hours or days. While antibodies may develop in
surviving pigs, sub-clinically affected herds with carrier animals may appear negative on serology
(Chiers et al.,, 2002). These sub-clinically affected pigs are a significant source of infection to in-contact
pigs (Bosse et al.,, 2002). In a large slaughter survey, lesions of pleurisy did not correlate with either
the timing of seroconversion or the antibody titre to A.pleuropneumoniae (VWallgren et al., 1994).

Antibodies to a range of pig respiratory pathogens can also be detected in oral fluids including
M.hyopneumoniae (Gomes Neto et al., 2014), PCV2 (Prickett et al., 201 ), A.pleuropneumoniae (Loftager
et al, 1993) and Influenza A virus (Panyasing et al., 2014). M.hyopneumoniae IgA antibodies were
detected in oral fluids earlier than serum IgG responses (Gomes Neto et al,, 2014), so could prove
useful as a monitoring tool. Mucosal IgA antibodies to A.pleuropneumoniae in oral fluids (saliva) and
bronchoalveolar lavage fluid can be used to diagnose pleuropneumonia, and can be detected earlier in
infection than serum IgG antibodies (Loftager et al., 1993).

Monitoring feed intake, weight gain and feed conversion ratio will certainly demonstrate disease
severity and production losses, but they provide no information about the host’s interaction with the
causative pathogen. Measures of health, infection, immune stimulation, disease severity and recovery
need to be correlated to feed intake and growth in order to quantify disease expression in pigs.
Relationships need to be identified between immune responses and production parameters to increase
the usefulness of immune markers to measure disease expression. Both adaptive and innate immune
responses are necessary to help fight infection, but they also cause reduced appetite, fever and
diversion of energy from growth to the immune system.

Culture or PCR detection of pathogens

Respiratory pathogens can be detected in the nasal cavities of grower pigs from nasal swabs (Goodwin,
1972; Kume et al,, 1986; Willson et al., 1987; Sgrensen et al., 1997) or tracheobronchial lavages
(Abiven & Pommier, 1993; Ganter et al., 1993; Ganter, 1996) by culture or amplification by polymerase
chain reaction (PCR). Culture is considered the ‘gold standard’ for diagnosis because of its sensitivity
(Sorensen et al., 1997), but M.hyopneumoniae culture is relatively slow and M.hyopneumoniae has been
cultured from lungs where no gross lesions were present (Goodwin, 1972). PCR is used frequently as
a fast, sensitive and specific method for pathogen detection (Sirois et al., 1991; Mattson et al., 1995),
but appropriate sampling and interpretation of results is critical. Detection of Haemophilus parasuis,
and Streptococcus suis by PCR does not correlate with disease, as they are normal colonisers of the
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upper respiratory tract and tonsils of healthy pigs (Amass et al., 1995; Smart et al., 1988). Likewise,
the success in detecting M.hyopneumoniae by PCR or culture depends on the sampling site.
Comparisons of sampling sites demonstrated that M.hyopneumoniae detection in trachea-bronchial
swabbing or washing is more sensitive than nasal swabbing, tonsillar swabbing or oral-pharyngeal
brushing (Fablet et al., 2010; Kurth et al,, 2002; Marois et al., 2007). M.hyopneumoniae bacteria are
primarily found on the mucosal surface of the trachea, bronchi and bronchioles (Blanchard et al., 1992).
It is therefore not surprising that PCR detection in nasal swabs is less sensitive that bronchial swabs,
and that pathogen numbers were 100 times higher in homogenized lungs compared to nasal swabs
(Otagiri et al., 2005). The amplification of M.hyopneumoniae DNA from bronchial swabs by nested-
PCR correlated well with histopathological lesions of enzootic pneumonia (Calsamiglia et al,
2000).The detection of M.hyopneumoniae in bronchoalveolar (BAL) fluid was also significantly
associated with enzootic pneumonia lesions (Fablet et al., 2010; Sibila et al., 2007), but collection of
BAL fluid requires anaesthesia of live animals.

Developing a quantitative PCR that is specific for M. hyopneumoniae, but also able to detect all M.
hyopneumoniae isolates has proven difficult. The genetic variability between M. hyopneumoniae isolates
means that PCR assays need to be validated with a large number of M. hyopneumoniae isolates, as well
as against other Mycoplasma spp., including M. flocculare, M. hyorhinis and M. synoviae (Minion et al.,
2000; Vicca et al., 2003). A specific and sensitive qPCR for M. hyopneumoniae (Mhp 183 detecting the
p97 adhesin) was developed (Strait et al., 2008) and validated with field and reference strains of
M.hyopneumoniae, and other Mycoplasma spp. Another real-time triplex PCR developed to detect three
adhesin proteins of M.hyopneumoniae (p46, p97 and p102 genes) indicated that the p/02 adhesin PCR
was best able to detect all M.hyopneumoniae reference and field strains; whereas the p97 PCR was
unable to detect |8 field strains (Marois et al., 2010).

The advantage of the MhpI83 gPCR is that it was validated against histopathology on right and left
lung samples from pigs challenged with 2 different M.hyopneumoniae isolates (Woolley et al., 2012).
The Mhp183 qPCR was able to detect M.hyopneumoniae in the lung, spleen, liver and kidney tissues of
M.hyopneumoniae challenged pigs. However, no significant correlations were observed between lung
lesion severity (% pneumonic lung) and M.hyopneumoniae DNA concentrations in TBLF (Woolley et
al, 2012). The Mhp183 qPCR was also able to detect M.hyopneumoniae in bronchial alveolar lavage
fluid, nasal swabs and bronchial swabs of M.hyopneumoniae challenged pigs, but not control pigs (Strait
et al,, 2008). PCR detection from nasal swabs has been previously shown to be less sensitive than with
bronchial swabs or bronchial alveolar lavage fluid, but this may depend on the M.hyopneumoniae
challenge dose. When inoculated with 10° M.hyopneumoniae, only 7/10 nasal cavity swabs were positive
by p102 PRC, whereas 10/10 tonsil and tracheal swabs were positive (Marois et al., 2010). A more
detailed study of the best sampling technique for M.hyopneumoniae detection by p/02 PCR indicated
that tracheo-bronchial swabbing and trachea-bronchial washing were the most sensitive, and nasal
swabs were the least sensitive in naturally infected finisher pigs (Fablet et al., 2010).

A.pleuropneumoniae can be isolated by traditional culture methods from freshly dead animals, but is
rarely isolated from chronic cases of pleuropneumoniae or from lungs at the abattoir. A number of
PCR assays have been developed to detect A.pleuropneumoniae in nasal and tonsillar swabs, oral fluids
and affected lung tissue. PCR assays have either targeted the exotoxin apx genes or the outer
membrane protein omlA gene. While all four apx exotoxin genes are used by Actinobacillus species for
virulence, only the apxIVA gene is species-specific for A.pleuropneumoniae and is conserved across all
serotypes (Schaller et al., 1999). Both nested PCR assays and real time PCR assays for the apxIVA gene
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have proved as specific and at least as sensitive as bacterial culture from tonsillar swabs and affected
lung tissue (Cho and Chae, 2001; Fittipaldi et al., 2003; Schaller et al., 2001; Tobias et al., 2012). ApxIVA
is associated with pathogenicity of A.pleuropneumoniae in pigs, based on clinical signs and histopathology
(Liu et al., 2009). Tonsillar swabs appear to be more sensitive than nasal swabs for quantitative PCR
detection of A.pleuropneumoniae (Tobias et al., 2012).

A real time PCR for apxIVA was used to quantify the bacterial load of A.pleuropneumoniae in caesarean-
derived, colostrum-deprived pigs experimentally challenged pigs, or in-contact pigs (Tobias et al,
2013). A.pleuropneumoniae numbers in tonsillar and nasal swabs were positively associated with disease
score (behaviour, movement, vomiting, body temperature, respiratory sounds or dyspnoea and
coughing) in inoculated pigs. The rate of transmission of infection from inoculated to in-contact pigs
was also correlated with A.pleuropneumoniae numbers in respiratory tract swabs. However, there was
a negative association between disease score and transmission rate i.e. in pigs shedding equal numbers
of A.pleuropneumoniae, transmission rates to in-contact pigs were lower in pigs with higher disease
scores, suggesting that shedding of A.pleuropneumoniae peaks before clinical disease is apparent. Good
agreement (k= 0.68) was found between serological status and the presence of A. pleuropneumoniae
in the tonsils, using a conventional PCR for the omlA gene (Fittipaldi et al., 2003).

The respiratory pathogens A.pleuropneumoniae, influenza A virus, H.parasuis and Streptococcus suis can

all be detected by PCR in oral fluids (Costa et al.,, 2012; Goodell et al., 2013). However the success
and sensitivity of PCR assays depends on the bacteria being present in oral fluids, when their normal
habitat may be in the lower respiratory tract. M.hyopneumoniae is yet to be reliably detected in oral
fluids, possibly because mucin interferes with detection of the bacteria or also because
M.hyopneumoniae mainly colonizes the lungs. Previous studies have reported that the optimal sample
for PCR detection of M.hyopneumoniae is trachea-bronchial swabs or washings (bronchial alveolar fluid)
(Fablet et al., 2010; Marois et al, 2010). It is therefore not surprising that the sensitivity of
M.hyopneumoniae detection in oral fluids is fairly poor.

Although A.pleuropneumoniae colonizes the tonsillar crypts and would be expected to be present in
oral fluids, the sensitivity of A.pleuropneumoniae detection in oral fluids is also poor relative to tonsillar
swabs (Costa et al.,, 2012). A.pleuropneumoniae can be detected in oral fluids from pigs challenged with
106 virulent A.pleuropneumoniae on days | and 7 post challenge, but the detection sensitivity is relatively
low compared to detection of the commensal bacteria H.parasuis and S.suis in the same samples (Costa
et al., 2012). Haemophilus parasuis, and Streptococcus suis are normal colonisers of the upper respiratory
tract and tonsils of healthy pigs (Amass et al., 1995; Smart et al., 1988) and can therefore be readily
and frequently detected by PCR in oral fluids. Interestingly, antibodies to A.pleuropneumoniae were
detected in oral fluids before serum, indicating that oral fluid testing could be useful for monitoring
herds over time and specifically for biosecurity checks before introducing new stock (Loftager et al.,
1993).

Oral fluid is an easier and less labour intensive sample to collect than nasal swabs or bronchoalveolar
fluid. Detection of influenza A virus (IAV) by Real Time PCR from oral fluids provided the highest
probability of detecting influenza A virus in pigs, although |AV replicates in bronchial epithelial cells
(Goodell et al.,, 2013). As viruses are able to potentiate secondary bacterial infections, it may be worth
monitoring influenza A virus loads in oral fluids to determine if this could be a predictor of risk for
secondary infections or even a predictor of elevated respiratory disease expression.
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Molecular techniques have also been used to rapidly serotype or genotype A.pleuropneumoniae strains
by PCR (Bossé et al., 2014; Gram et al., 2000; Hennessy et al., 1993) or multilocus enzyme
electrophoresis (Meller et al,, 1992). Gram et al. (2000) developed a PCR system for typing the
serovars of A. pleuropneumoniae based on the omlA and apx genes, which encode an outer membrane
protein and exotoxin respectively. Serotypes could be distinguished using the omlA/apx PCR typing,
with the exception of serotypes |, 9, I | and some field isolates of serotype 8. Serotype differentiation
of A.pleuropneumoniae may be important in disease severity, but is more commonly used for
epidemiology studies where the source of infection needs to be traced.

Pathogen load is believed to be a good indicator of disease severity and recovery from disease because
pathogen load correlates well with disease measures in both enteric and respiratory infections. The
severity of atrophic rhinitis correlates with the numbers of the respiratory pathogen Pasteurella
multocida isolated from tonsils and nasal membranes (Hamilton et al., 1999; Hamilton et al., 1996).
Quantitative PCR assays have been used to measure pathogen load in a wide range of clinical samples,
both ante-mortem and post-mortem. The amount of porcine circovirus (PCV2) nucleic acids detected
in tissues and serum is predictive of clinical outcomes (Opriessnig et al., 2007), which is critical with a
pathogen that is found in both sick and healthy pigs. Numbers of more than 107 PCV2 genome copies
per millilitre of serum differentiate PCV2 infection from PCV2 associated disease (Olvera et al., 2004;
Brunborg et al., 2004). Where weight gain correlates well with specific pathogen numbers, quantifying
the pathogen load over time can provide a measure of disease expression. This is more difficult to
interpret when multiple pathogens or environmental conditions can exacerbate disease. A simple dose
response relationship is rarely observed between pathogen numbers and disease because other factors
in commercial herds also impact on the expression of respiratory disease. In addition, host factors
appear to impact on the expression of respiratory disease because pigs challenged with the same dose
of pathogen vary in their response. Without understanding the multifactorial causes of respiratory
disease expression on farm, it’s difficult for producers and veterinarians to prevent or treat disease.

5.2.4 Virulence factors can exacerbate respiratory disease expression

Pathogen virulence factors can affect the host’s response to pathogen challenge and the associated
expression of disease. A number of virulence factors have been suggested for Actinobacillus
pleuropneumoniae, including capsular polysaccharides, lipopolysaccharides (LPS), surface proteins and
extracellular toxins (Dubreuil et al., 2000), however the haemolysins are considered the main virulence
determinants (Inzana, 1991). A.pleuropneumoniae serovars differ with respect to which haemolytic
toxins they produce, but serotypes producing the haemolysin toxins Apxl and ApxIl are considered
the most virulent (Frey, 1995). Mutations of the haemolysin gene demonstrated that Apx| and Apxll
are important in the pathogenicity of A. pleuropneumoniae and for virulence in mice and pigs (Tascon
et al, 1994). Toxin ApxIVA is also associated with pathogenicity based on clinical signs and
histopathology (Liu et al., 2009). Apx toxins are important in evasion of the immune system and can
form pores in the membranes of phagocytes and other cell types causing cell death and stimulating the
release of inflammatory mediators from activated phagocytes (Bosse et al., 2002). The combination of
the cytotoxic effects of apx with the inflammatory response induced by LPS causes significant damage
to lung tissue in A.pleuropneumoniae infected pigs (Frey, 2003).

The capsule protects A.pleuropneumoniae against phagocytosis and lysis by complement and is required
for virulence of the bacterium. However, antibodies against the capsule alone are not enough to
provide protection against A.pleuropneumoniae as non-capsulated mutants are protective while non-
haemolytic and capsulated mutants aren’t protective (Inzana, 1991). Lipopolysaccharide from

34



A.pleuropneumoniae has the potential to cause lung tissue damage, but does not induce typical
haemorrhagic and necrotic lesions. Pigs immunized with LPS are only partially protected against
challenge with the homologous A. pleuropneumoniae serotype (Inzana et al., 1988). However LPS may
be important for pathogen adhesion (Paradis et al., 1994).

M.hyopneumoniae induces pneumonia pigs by damaging the ciliated epithelium. Adherence of
M.hyopneumoniae to cilia lining the trachea of the swine respiratory tract leads to ciliostasis and loss
of cilia (DeBey and Ross, 1994), and the infiltration of macrophages and lymphocytes to the lungs via
the inflammatory cytokines IL-1, TNF-a and IL-6 (Choi et al., 1999). An outer membrane protein of
M.hyopneumoniae, the P97 adhesin, mediates the adherence of M.hyopneumoniae to swine cilia (Minion
et al,, 2000). The P97/P102 paralog family of adhesins interact with porcine plasminogen and enhance
its activation to plasmin (Seymour et al., 2012). Once plasmin is activated, it stimulates macrophage
signalling leading to the release of cytokines (Syrovets et al, 2012). Pigs vaccinated against
M.hyopneumoniae had reduced plasmin activity, as well as reduced clinical signs, pneumonic lesions,
cytokines (TNF-a , IL-IB and IL-6) and M.hyopneumoniae numbers in tracheobronchial lung fluid
(Woolley et al., 2013). A significant correlation was also observed between M.hyopneumoniae numbers
and plasmin activity, indicating that plasmin activity enhances M.hyopneumoniae infection and therefore
the tissue damage caused by the elevated inflammatory response.

Virulence factors in M.hyopneumoniae may relate to differences in genetics or antigenicity between
isolates (Artiushin and Minion, 1996; Ro and Ross, 1983; Vicca et al., 2003). The cilium adhesin protein
P97 has a region of 5 amino acids, termed R, which when repeated in tandem at least 8 times allow
for cilium binding to occur (Minion et al., 2000). Virulent strains of M.hyopneumoniae have higher
numbers of repeats than avirulent strains.

Haemophilus parasuis, is both a common inhabitant of the upper respiratory tract of healthy pigs, but
also the cause of Glassers disease, characterized by a fibrinous polyserositis and arthritis. H.parasuis
strains differ in their virulence, and virulence appears to be correlated with the serotype of the strain
(Nielsen, 1993). However, virulence may also be determined by the genotypes of isolates. Genetic
typing of isolates from healthy and Glassers affected herds demonstrated that isolates that cause
systemic disease are genetically separate from other isolates (Olvera et al., 2006; Smart et al., 1988).
Systemic infection by H.parasuis requires strains to survive the host’s immune defences in the lungs.
In-vitro studies demonstrated that virulent strains of H.parasuis are resistant to phagocytosis by porcine
alveolar macrophages (Olvera et al., 2009). Furthermore, virulent strains differed in their growth
characteristics and localization in the respiratory tract. Virulent strains grew in biofilms in nasal
turbinates and trachea and were also detected readily in lungs, whereas non-virulent strains were
rarely detected in nasal turbinates and trachea, and almost never detected in lungs (Bello-Orti et al.,
2014). Virulent strains were also sometimes found in association with macrophages and neutrophils.

5.2.5 Management factors that impact on respiratory disease expression

The impact of environmental and management factors on respiratory disease in pigs has been well
reviewed (Maes et al., 2008; Stark, 2000). Biosecurity, hygiene and all-in-all-out production are
probably the most important factors in reducing the infection pressure or transmission of respiratory
pathogens. Once the pathogen is present in the environment, the pig’s susceptibility to infection is
influenced by environmental factors (air quality, temperature, humidity, dust, gases and airborne
bacteria) and host factors (genetics, immunity and other diseases) (Stark, 2000).
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Hygiene and Biosecurity

Internal biosecurity relies on practices such as all-in-all-out production (AIAO), which houses batches
of the same age pigs together, thereby reducing the transmission of respiratory pathogens from older
pigs to younger pigs (Scheidt et al., 1995). This practice helps to ensure a common immune status and
pathogen exposure within a group of pigs. Complete AIAO production is difficult to accomplish in
reality because disease outbreaks can cause variation in pig’s growth, producing more ‘tail-ender’ pigs
and therefore extending the days to slaughter for the batch. The loss in production days can be
overcome if AIAO production is breached or if pigs are sold prior to optimal slaughter weights. To
be effective, AIAO production also requires proper cleaning and disinfection of pens and sheds
between batches to reduce the starting load of pathogens when new pigs are introduced.

Closing the herd to the entry of new animals can also reduce the risk of disease transmission. The risk
of respiratory disease in more than 10% of animals was increased by 2.38 times when farms introduced
new animals from herds without checking the health status of the source farm (Hurnik et al., 1994).
Conversely, if new stock are introduced from a high health status herd, the odds ratio for
A.pleuropneumoniae infection is less than |, no matter whether one or 100 new animals are introduced
(Rosendal and Mitchell, 1983). However, if care isn’t taken regarding the health status of the source
herd, the odds ratio of A.pleuropneumoniae infection increases with increasing numbers of animals; for
10 to 100 animals the odds ratio increases to 4.10, and for more than 100 animals the odds ratio
increases to 6.89 (Rosendal and Mitchell, 1983). If new gilts are to be introduced, they should come
from herds with a similar or higher health status and be housed in quarantine facilities for 30 days
(Amass and Baysinger, 2006). The importance of strict biosecurity measures including insect and
rodent control and restricted movement of personnel and equipment between animals of different
ages has not yet been clearly demonstrated.

Early weaning of pigs (less than 3 weeks age) can reduce transmission of M.hyopneumoniae from the
sow to her offspring, but there are welfare and production considerations associated with this practice
(Maes et al.,, 2008). Transmission of M.hyopneumoniae can also be reduced by segregating gilt and sow
progeny and gilts from sows until their second gestation, when gilts are expected to have developed
immunity to M.hyopneumoniae (Maes et al., 2008).

The role of hygiene is particularly important in multifactorial respiratory diseases, where the
environment also has a major impact on disease severity (Madec 2005). Under these circumstances
hygiene practices need to reduce pathogen load, but also have to reduce environmental factors that
exacerbate disease expression including production of excessive ammonia in the environment, dust
and other pathogens. The health benefits of improved hygiene can rarely be attributed to a single
factor. Stocking rate, herd size, air volume and quality, continuous production, temperature and
humidity have all been identified as risk factors for respiratory disease in experimental challenge studies
and epidemiological surveys (Pointon et al. 1985; Straw et al. 1991; Maes et al. 2000; Stark 2000).
Reducing stocking density also reduces the level of respiratory disease (Pointon et al., 1985).
Guidelines for finisher pigs recommend a flooring space of at least 0.7m?2 per pig when housed on fully
slatted floors. Higher densities increase the risk of pathogen spread and increase stress in pigs.

Environmental factors

In commercial pig herds, environmental factors that impact on the expression of respiratory disease
include humidity, dust, ammonia, carbon dioxide, endotoxin and temperature. Elevated concentrations
of ammonia and hydrogen sulphide gases and particulate materials like dust, skin and airborne bacteria
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correlate with increased pneumonia and pleuritic severity and negatively affect the health and growth
of pigs (Cargill and Skirrow, 1997; Donham, 1991; Robertson et al., 1990). Growth rates were reduced
by 12% or 30% in growing pigs when ammonia levels increased to 50ppm and 100ppm (Drummond et
al,, 1980). In the case of atrophic rhinitis, both organic dust and atmospheric ammonia increased the
severity of disease in pigs challenged with P.multocida, but some level of turbinate atrophy was detected
in response to dust and ammonia alone (Hamilton et al., 1999). Dust, endotoxin, peptidoglycan from
bacterial walls, ammonia and carbon dioxide in the airborne environment of pig sheds can induce
immune cell activation and growth suppression in the absence of bacterial pathogens.

While Bordetella infection significantly reduces body weight in challenged pigs, the severity of atrophic
rhinitis was related to the concentration of ammonia that pigs were exposed to (Drummond et al.,
1981). Ammonia can also reduce the clearance of bacteria in the respiratory tract following aerosol
exposure to non-pathogenic strains of E.coli (Drummond et al., 1978). The activity of cilia was also
reduced in the presence of elevated levels of ammonia; potentially enabling the increased attachment
and invasion of respiratory pathogens (Stark, 2000).

Monitoring air quality may provide a better indicator of general pig health and growth than monitoring
individual pathogen loads, where studies show that pigs housed in sheds with good air quality grow
faster and consume more feed than pigs in sheds with elevated ammonia, carbon dioxide and dust
levels (Lee et al., 2005). Concentrations of ammonia, carbon dioxide, inhalable dust, bacteria and
endotoxin can all be quantified in livestock sheds and used to measure the impact of the environment
on pig production and non-pathogen associated immune stimulation.

Air Quality

For respiratory disease, the available air quantity and quality, as well as floor space, impact on disease
risks associated with stocking density. Recommendations of more than 3m3 air space per pig were
developed based on the incidence of respiratory lesions at slaughter (Lindquist et al. 1974). Optimising
ventilation to maintain air quality and air flow rates will also help to manage temperature and pathogen
load (Eisenmenger, 2006). The relative risk of respiratory disease was increased by 1.55 times in the
absence of a ventilation shaft in pig sheds (Aalund et al., 1976). An air exchange rate of more than 60
m3 per hour per pig was reported to protect pigs form pneumonia (Flesja et al., 1982). The total and
respirable dust levels in piggeries can be measured with personal gravimetric samplers, and ammonia
and other gases can be measured with standard gas tubes (Cargill et al. 1997). When dust and ammonia
levels increase, ventilation can be used to improve air quality. The load of bacteria in aerosols can be
monitored by either traditional culture techniques or by the recently developed quantitative
polymerase chain reaction (QPCR) assays that can also detect non-cultivable bacteria.

Monitoring respiratory pathogens in piggery air samples has only rarely been reported due to the
perceived technical difficulty. Nucleic acids from M.hyopneumoniae can be detected by PCR in air
samples from both experimental and commercial herds, and could prove a useful tool for measuring
the risk of pneumonia transmission. M.hyopneumoniae DNA was detected in 53.6% of air samples from
herds with acute respiratory problems, but was not detected from SPF herds that were sub-clinically
affected (M.hyopneumoniae was present, but no clinical evidence of pneumonia) (Stark et al., 1998).
However, positive PCR results weren’t clearly associated with pens where coughing pigs were
observed. Recent technology has allowed for the quantification of respiratory pathogens in piggery air
samples, which may prove useful to predict disease outbreaks. Combining real time PCR detection of
pathogen numbers with commercial air samplers allows producers to estimate pathogen loads in set
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volumes of air and to help identify practices that either exacerbate or reduce pathogen loads. Using
this technology, increasing stocking density and increasing age of weaner pigs were both associated
with increasing pathogen loads in piggeries (Marenda et al.,, 2014).

Aerial disinfection by fogging has been reported to reduce loads of both bacterial and viral respiratory
pathogens in sheds while pigs are still resident (Fotheringham et al. 1995). More recently, electrostatic
particle ionization sanitation of air in pig sheds has been trialled to help reduce the load of swine
influenza virus and porcine reproductive and respiratory syndrome (PRRS) virus (Alonso et al. 2014a;
2014b).

Draughts in pens of weaner pigs reduced ADG, and increased sneezing, coughing and diarrhoea in
herds with evidence of endemic pleuropneumonia, Aujeszky’s disease virus and swine influenza
(Scheepens et al. 1991). Cold air draughts and fluctuating temperatures influenced the immune system
of pigs challenged with A.pleuropneumoniae (Noyes et al., | 990b). Increased pig activity levels associated
with draughts led to increased dust levels and therefore increased the risk of aerosol transmission of
respiratory pathogens (Scheepens, 1996). Controlling temperatures to be in thermal comfort zones
will assist with reduction of stressors that predispose pigs to disease. External weather conditions can
also impact on the risk of pleurisy and pneumonia, with more clinical disease expected in the colder,
wetter months (Christensen, 1981; Stark et al., 1992)

5.2.6 Host factors that impact on disease expression

Immune response

Immune competence is the ability of the host to raise an appropriate and effective immune response
when exposed to an antigen (Wilkie and Mallard, 1998). Variation in the host’s ability to resist disease
is a combination of genetic factors and the health and functional state of its immune system (immune
responsiveness). An animal’s ability to exert control over a pathogen or resist infection can be
measured by its immune responses (both innate and adaptive), but also by pathogen virulence factors
and competitive inhibition by other bacterial colonisers at the site of infection. Measuring pro-
inflammatory cytokines, acute phase proteins and ratios of commensal to pathogenic bacteria will help
determine a host’s ability to resist a pathogen. Measuring antibody titres, pathogen loads and anti-
inflammatory cytokines (the negative feedback mechanism required to dampen the inflalmmatory
response) may equate more closely with the host’s ability to recover from infection.

Innate immune responses are the first line of attack against pathogens, including phagocytosis, the
production of inflammatory cytokines and acute phase proteins. Acute phase proteins (APP) are
induced by cytokines at the site of injury or infection, but are synthesized by the liver, and thus are
detected in the circulatory system. Acute phase proteins can destroy or inhibit the growth of
pathogens by a number of mechanisms, including opsonisation, recruitment of immune cells, induction
of enzymes that degrade extracellular matrix, pathways of complement activation, coagulation of blood
to trap pathogens in clots and a number of pathways to prevent iron uptake by microbes.

Cytokines may be a good measure of lung tissue damage following both bacterial and viral infections;
however both acute phase proteins and cytokines are highly reactive to infection. The inflammatory
cytokines IL-1, TNF-a and IL-6 are believed to play an important role in the early stages of
M.hyopneumoniae infection. Elevated expression of these cytokines occurs in lungs as early as 7 days
post M.hyopneumoniae challenge, when M.hyopneumoniae adhere to epithelial cilia. These cytokines
regulate and mediate inflammatory cells, with increasing numbers of inflammatory cells (cytokine
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positive) starting at 7 days post infection (pi) and increasing until 2| days pi, before decreasing (Choi
et al., 2006). M.hyopneumoniae infection also leads to significantly higher expression of IL-2, IL-4, IL-8,
IL-10 and TNF-a in the bronchus-associated lymphoid tissue of pneumonic pigs (Lorenzo et al., 2006).
Elevated expression of these same cytokines, as well as IL-la and IL-I1B , were detected in the
alveolar septa and bronchoalveolar exudate of these pneumonia-affected pigs. Elevated concentrations
of IL-1B and IL-6 in tracheobronchial lavage fluid at 18 days post infection coincided with the peak in
coughing scores (Woolley et al., 2012). While these cytokines help eliminate invading pathogens,
overproduction of cytokines can lead to host-mediated tissue damage in the lungs.

Mucosal IgA antibodies to M.hyopneumoniae are able to opsonise the bacteria in the first sign of the
humoral defence response. The production of circulating IgG antibodies in serum follows, detectable
from two to four weeks post infection. Interestingly, IgA antibodies are detected in oral fluids earlier
than serum IgG responses (Gomes Neto et al., 2014). Antibody production is a clear sign that the
immune system is fighting infection and pneumonic lesions will start to recover, in the absence of
secondary pathogens.

Any compromise to the pig’s ability to raise both innate and humoral immune responses to respiratory
pathogens will exacerbate disease. The clumping and loss of cilia, epithelial cell death and damage to
the mucociliary apparatus following M.hyopneumoniae adherence is believed to increase the host’s
susceptibility to colonization by other bacterial and viral pathogens (DeBey and Ross, 1994).
M.hyopneumoniae can also increase the host’s susceptibility to secondary infections by suppressing the
phagocytic activity of pulmonary alveolar macrophages and polymorphonuclear neutrophilic cells
(PMN) (Asai et al,, 1996; Caruso and Ross, 1990). A reduction in phagocytic activity of alveolar
macrophages reduces the host’s ability to clear A.pleuropneumoniae prior to the establishment of
infection by reducing the concentration of complement and anti-A.pleuropneumoniae antibodies in the
circulatory system (Cho et al., 2005).

The serum and tissue concentrations of the pro-inflammatory cytokines IL-1, TNF-a and IL-6 rise
rapidly in the first 24 to 48 hours post infection with A.pleuropneumoniae (Baarsch et al., 2000). These
cytokines mediate the infiltration of inflammatory cells into the lungs, and their expression is associated
with pleuropneumonic lung lesions (Choi et al., 1999). A.pleuropneumoniae infection also leads to
upregulated expression of acute phase protein genes in the liver and IL-I, IL-6 and IL-8 in inflamed
lung tissue, along with LPS-binding protein (Hedegaard et al, 2007; Skovgaard et al., 2010).
A.pleuropneumoniae infection also affects the pig’'s immune response by degrading extracellular matrix
proteins and modulating the activity of cytokines that traffic inflammatory cells to airways (Bruun et
al.,, 2012).

Serum IgG antibodies to A.pleuropneumoniae are detected between two and four weeks after challenge
(Marois et al.,, 2009), so only develop in pigs that survive acute disease, in sub-clinically affected pigs
and in carrier animals (Chiers et al., 2002). Mucosal IgA antibodies to A.pleuropneumoniae can be
detected in oral fluids (saliva) and bronchoalveolar lavage fluid earlier than serum IgG
antibodies(Loftager et al., 1993). Antibody production is important in recovery from disease, but
lesions of pleurisy do not correlate with either the timing of seroconversion or the antibody titre to
A.pleuropneumoniae (Wallgren et al., 1994) in slaughter surveys.

Haemophilus parasuis infection also leads to early innate immune responses including toll-like receptors,
complement and coagulation pathways (Wang et al., 2012a) (Wang et al., 2012b). Pro-inflammatory
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cytokine genes (especially IL-13 ) were upregulated in both the lungs and porcine alveolar
macrophages from bronchoalveolar lavage of Glassers susceptible pigs (Wang et al., 2012b; Wilkinson
et al., 2010). Pigs more susceptible to H.parasuis challenge also showed an imbalance in the signalling
between pro and anti-inflammatory cytokines. Pigs able to resist H.parasuis infection showed an
increased expression of IgA; whereas susceptible pigs showed a reduced expression of antigen
presenting genes (MHC | and Il) by 72 hours post infection.

Other pathogens present in the host

Porcine respiratory disease complex (PRDC) describes pneumonia caused by multiple infections
leading to poor weight gain, particularly in the later finishing period (15 to 20 weeks of age). PRDC is
a multifactorial respiratory syndrome that includes several respiratory pathogens (bacterial and viral),
that cause more severe clinical signs and disease when acting in concert than when acting alone.
Environmental conditions, management factors, pig genetics and age also play a critical role in PRDC.
Generally primary pathogens are viruses or mycoplasmas, with bacteria commonly infecting as
secondary pathogens. Primary pathogens can predispose the pig to secondary pathogens by
suppressing the local or systemic immune response. The adherence of M.hyopneumoniae to ciliated
respiratory epithelium results in clumping and loss of cilia, epithelial cell death and damage to the
mucociliary apparatus (DeBey and Ross, 1994). This damage is believed to increase the host’s
susceptibility to colonisation by other bacterial and viral pathogens. Pigs infected with M.hyopneumoniae
then challenged with Pasteurella multocida suffered more severe clinical signs (fever, coughing, lethargy),
significantly more extensive pneumonia lesions, altered body composition and reductions in weight
gain, feed intake and live weight at 20 weeks of age (Amass et al., 1994; Ciprian et al., 1988; Eamens
etal,, 2007). Damage to the respiratory tract by M.hyopneumoniae also increased the severity of clinical
signs, lung lesions and reduced average daily gains when coupled with a secondary A.pleuropneumoniae
challenge (Ciprian et al., 1994; Marois et al., 2009).

Prior infection with M.hyopneumoniae can also exacerbate subsequent viral infections with PCV2
(Opriessnig et al., 2004), PRRS (Thacker et al, 1999; Thanawongnuwech et al, 2004;
Thanawongnuwech et al.,, 2001), Swine Influenza Virus (SIV) (Thacker et al., 2001) and pseudorabies
virus (PRV) (Shibata et al., 1998). Prior M.hyopneumoniae infection increased viral loads and the severity
of pneumonia lesions. It has been suggested that the increased inflammatory response to multiple
pathogens (induced by pro-inflammatory cytokines) may contribute to the severe chronic clinical signs
and lesions of pneumonia seen in pigs co-infected with M.hyopneumoniae and PRRSV
(Thanawongnuwech et al., 2004; Thanawongnuwech et al., 2001).

As a primary pathogen, the PRRS virus has multiple effects on the pig’s immune response that make
the host more susceptible to secondary infection. The PRRS virus invades and replicates in pulmonary
macrophages, rapidly reducing their viability and phagocytic activity (Chiou et al., 2000), then induces
their lysis (Thanawongnuwech et al., 1997), but also induces apoptosis in macrophages not infected
with PRRSV (Labarque et al, 2003). The destruction and decreased function of pulmonary
macrophages compromises the immune system, which is believed to result in increased susceptibility
to bacterial pathogens (Brockmeier et al., 2002). Experimental co-infections of PRRS and
B.bronchiseptica caused increased pulmonary lesions (Brockmeier et al., 2000). However, experimental
co-infection of PRRSV with P.multocida or M.hyopneumoniae failed to increase the severity of clinical
signs associated with the secondary pathogens (Brockmeier et al., 2001; Carvalho et al., 1997; Thacker
et al,, 1999). Primary infection with both PRRSV and B.bronchiseptica did predispose pigs secondary
infections with P.multocida (Brockmeier et al., 2001).
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The progression of PCV2 infection into PCV2- associated disease appears to be affected by both
immune stimulation and co-infection with other respiratory pathogens (viral and bacterial) (Opriessnig
et al., 2007). Vaccination with a commercial M.hyopneumoniae vaccine increased the severity of PCV-
AD lymphoid lesions and the quantity of PCV2 genome in pig serum (Opriessnig et al., 2006).

Commensal flora of respiratory tract

The pig’s response to pathogen challenge may be modulated by the microbial communities that
colonise mucosal surfaces like the respiratory tract. The commensal bacteria are able to combat
pathogens by competitive exclusion, through occupation of epithelial binding sites, and by competitive
inhibition, through the production of antimicrobial substances (Bosch et al., 2013). Alternatively, or in
combination, commensal bacteria may prevent or limit pathogen colonisation and/or proliferation by
altering immune function (Bosch et al., 2013). Potential pathogens may be present in the microflora
without causing disease if their growth is suitably controlled (Kich et al.,, 2000; Lowe et al., 201 1).
Respiratory pathogens were isolated from the BAL fluid of 56% of pigs from a high health herd without
any clinical evidence or history of respiratory disease (Hennig-Pauka et al., 2007). A stable and balanced
microflora has a greater ability to prevent disease, and disease may occur if an imbalance occurs in the
microflora through exposure to bacterial pathogens, viral infection, antibiotic use, the host immune
system or environmental factors (Bogaert et al., 201 I).

While the majority of the microbial characterisation of the respiratory tract has been undertaken it
humans, it is expected that the respiratory tract of pigs will have many similarities with humans. Recent
human studies have demonstrated that the microbial population differs along the length of the
respiratory tract (Bassis et al., 2015; Dickson et al., 2014). In healthy pig tonsils from two pig herds,
the dominant bacterial families were Pasteurellaceae, Porphromonadaceae, Bacteroidaceae and
Prevotellaceae, which made up 75% of the total microbial communities (Lowe et al, 2011). The
dominant genera in both herds were Actinobacillus, Haemophilus, Pasteurella, Porphyromonas,
Fusobacterium, Bacteroides and Prevotella.

The diversity of the microflora is also important in population stability and resistance to infection, with
greater microbial diversity in the nasopharynges of healthy humans compared to rhinovirus infected
humans (Allen et al.,, 2014). Decreased diversity in human nasal microflora was linked to colonisation
by the respiratory pathogens S. pneumoniae, H. influenzae and M. catarrhalis (Pettigrew et al., 2012).
Similarly, decreased microbial diversity in the oropharynx was correlated to the presence of the
pathogen Pseudomonas aeruginosa (Klepac-Ceraj et al., 2010).

The commensal microbiota of the respiratory system can also be involved in competitive exclusion
and/or inhibition to aid in the control of pathogenic bacteria and the prevention of disease. Commensal
alpha-haemolytic streptococci inhibited the growth of pathogenic Streptococcus pneumoniae,
Haemophilus influenzae and Moraxella catarrhalis in the nasopharynx of children (Tano et al., 2000).
Increased abundance of the commensal Lactococcus spp. was negatively associated with nasal
colonisation by the pathogens S. pneumoniae, H. influenzae and M. catarrhalis (Pettigrew et al., 2012).
The human nostril microbiota also showed an inverse correlation between the abundance of
commensal Corynebacteriaceae and Propionibacteriaceae families and the Staphylococcaceae family
containing important pathogens (Lemon et al., 2010).

Differences in the microflora of the respiratory tract have been identified between individuals with
and without respiratory disease. For example, viral infection was associated with decreased
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Streptococcus spp. and increased Haemophilus spp. and Moraxella spp. in the oropharynx (Yi et al., 2014).
Patients with asthma or chronic obstructive pulmonary disease (COPD) had a decreased abundance
of commensal Prevotella spp. and increased abundance of pathogenic Haemophilus spp. in bronchial
lavage (Hilty et al., 2010).

Commensal bacteria may also interact with the immune system to prevent or limit the severity of
respiratory disease. Commensal bacteria may stimulate the immune system to specifically target
pathogenic bacteria or may modulate the immune response to prevent further damage due to
overstimulation by pathogens. Subclinical infection of the lungs with commensals, such as Prevella spp.,
may be able to prevent extensive lung damage by downregulating interleukin (IL)-12p70 production
stimulated by Haemophilus influenzae in dendritic cells (Larsen et al., 2012).

Other factors which alter the respiratory microflora could lead to instability in the microbiome and
predispose the respiratory system to pathogen colonisation, proliferation and clinical disease.
Children treated with antibiotics had reduced microbial diversity in the oropharynx (Klepac-Ceraj et
al,, 2010), and antibiotics also alter the tonsillar microflora (Cafferkey et al., 1993). Season can also
impact on the nasopharyngeal microbiota, with increased abundance of Proteobacteria and Fusobacteria
in autumn/fall and decreased abundance of Bacteroidetes and Firmicutes (Bogaert et al., 201 1).

Genetics and respiratory disease expression

Genetics almost certainly plays an important role in the expression of respiratory disease in pigs and
the animal’s ability to resist infection and disease. Relatively high heritabilities have been published for
disease resistance to enzootic pneumonia (between 0.12 and 0.23) atrophic rhinitis (between 0.12 and
0.29) and pleurisy (h2 = 0.13) (Lundeheim, 1979; Okamura et al., 2012). A genetic component to
Glassers’ susceptibility was proposed when statistical differences in the severity of Glassers disease
(rectal temperatures and lesions) were observed in the offspring of 6 sires challenged with virulent
H.parasuis (Blanco et al., 2008). However, none of these studies were able to demonstrate the
mechanism for resistance.

The outcome of an infection depends upon resilience in the host as well as an ability to resist and
tolerate infection. The earliest indicators of disease resistance in animals are innate immunity traits
such as the activation of pathogen recognition receptors (PRR) on macrophages, neutrophils and
epithelial cells lining the respiratory tract. Activation of these cells results in secretion of cytokines
which induce inflammatory responses such as phagocytosis and compliment activation, all aimed at
killing and clearing the pathogen from the host. A wide range of innate immunity traits were found to
have moderate to high heritabilities in healthy pigs including cytokines (IL-1B, IL-6, IL-12, IFN-alpha),
gamma-delta T cells, haptoglobin, phagocytes, natural killer cells, neutrophils, monocytes and
macrophages (Flori et al., 201 1).

As early as 24 hours post challenge with H.parasuis, differences in innate immunity gene expression
were apparent between pigs with and without clinical signs of respiratory disease, including fever,
lateral recumbency and laboured breathing. Genes differentially expressed included inflammatory and
immune responses (toll-like receptors, complement and coagulation pathways), microtubule
polymerization of macrophages, pathways for cell adhesion molecules and host cell receptor signalling
(mitogen activated protein kinases, MAPK) (Wang et al., 2012b). Pro-inflammatory cytokine genes
(especially IL-I1B ) were upregulated in both lungs and porcine alveolar macrophages from
bronchoalveolar lavage of susceptible pigs (Wang et al., 2012b; Wilkinson et al., 2010). Susceptible pigs
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also showed an imbalance in the signaling between pro and anti-inflammatory cytokines. In contrast,
pigs resistant to H.parasuis showed increased expression of extracellular matrix proteins and TGF-
beta signaling, suggesting that adhesion and entry to host cells was minimised and any tissue damage
was repaired within 24 hours of infection (Wilkinson et al., 2010). By 72 hours post infection,
increased expression of IgA in resistant pigs and reduced expression of antigen presentation genes
(MHC | and ll) in susceptible pigs indicated that both innate and acquired immune responses were
involved in resistance to H.parasuis. It is interesting that the host responded to challenge by activating
different immune and inflammatory pathways.

Potential resistance genes to infection with the Gram negative pathogens A.pleuropneumoniae and
H.parasuis were reviewed, identifying a range of innate immunity traits that could affect expression of
respiratory disease (Zhao et al., 2012). Genes for innate immunity pathways were upregulated in pigs
with low APP disease and high production outcomes (Moser et al., 2008). More specifically, pigs
infected with A.pleuropneumoniae showed upregulated expression of acute phase protein genes in the
liver and immune activating and inflammation genes, cell signalling pathways and programmed cell death
in inflamed lung tissue, including cytokines IL-1, IL-6, IL-8, LPS-binding protein, lactoferrin and pig MAP
(Hedegaard et al,, 2007; Skovgaard et al., 2010). Increased expression of metalloproteinase enzymes
in alveolar epithelium suggests that A.pleuropneumoniae also affects the pig’'s immune response by
degrading extracellular matrix proteins and modulating the activity of cytokines that traffic
inflammatory cells to airways (Bruun et al., 2012). Variation in the innate immune response between
pigs will certainly impact on the expression of respiratory disease following pathogen challenge.

Resistance to pathogens mediated by the host also includes adaptive immunity, where antibodies can
neutralize or destroy bacterial pathogens by opsonisation and phagocytosis. Highly heritable adaptive
immunity traits include antibody production (IgA and IgG), T helper cells and the anti-inflammatory
cytokines (IL-2, IL-4, IL-10), and IFN-gamma (Flori et al., 2011). Heritabilities for increased humoral
immunity have been reported for non-specific antibody production (h2 = 0.24) (Okamura et al., 2012)
and for B.bronchiseptica-specific antibodies following vaccination (h2 = 0.52 + 0.15) (Meeker et al,,
1987). Primary and secondary antibody responses to Pasteurella multocida show relatively high
heritability estimates in turkeys (0.458 and 0.333 respectively) (Sacco et al., 1994). The hereditability
of A.pleuropneumoniae specific antibodies was also demonstrated, where the offspring of sows with
high APP antibody titres raised a higher antibody response to natural A.pleuropneumoniae exposure
after maternal antibodies had waned (Sjolund et al,, 2011). Selecting pigs with increased adaptive
immunity may provide better protection against specific pathogens, but targeting innate immunity is
more likely to improve the health status and disease resistance of pigs to more than one challenge.
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6. Discussion

6.1 Investigate the impact of single or multiple respiratory pathogens on variation in
slaughter weight, feed intake and variation in whole carcass composition

This study highlights the significant negative impact that multiple respiratory pathogens have on the
expression of respiratory disease in growing pigs. M. hyopneumoniae infection prior to challenge with
P. multocida significantly exacerbated the production, disease and body composition effects observed
with a single P. multocida or M. hyopneumoniae challenge. The percentage area of lung affected with
pneumonia was significantly greater in pigs challenged with both M. hyopneumoniae and P. multocida,
with sub-acute lesions observed at 2.5 weeks after P. multocida challenge, and chronic lesions at 5.5
weeks. Although individual respiratory pathogens can affect production and carcase composition, pigs
challenged with multiple pathogens were more severely affected with reduced mean pig weights, ADG,
feed intake and gain to feed ratios. The severity of pneumonia was also associated with increased body
temperatures over the first 2 weeks after secondary challenge with P. multocida. Pigs challenged with
both pathogens were consistently the least active, and spent the least amount of time in eating
behaviour. Pneumonia caused by combined infections also reduced the percentage of body fat by
weight and increased % muscle.

Multiple pathogens also increased the variation within treatments in all of these production
parameters. While reduced mean production measures lead to increased feed costs and delayed
production; increased variation in production measures predominantly affects profitability by
increasing the number of ‘tail-ender’ pigs, disrupting all-in-all-out production flows and increasing days
to slaughter. These effects will be examined in more detail below.

6.1.1 Multiple respiratory pathogens increase feed costs and reduce profitability

The staggering | 6kg reduction in the mean weight of pigs challenged with both M. hyopneumoniae and
P. multocida relative to 20 week old control pigs illustrates the need for extra feed and time to allow
these pigs to ‘catch up’ and reach market slaughter weights. It would take pigs challenged with multiple
pathogens an additional 20 days to make up the lost |6kg (assuming ADG remains at 0.8 kg/day),
reducing profits by $12.60 per pig (assuming feed costs $300/tonne and pigs continue to eat 2.1 kg
feed per day). Alternately, if the producer chose to sell pigs below market weight to maintain
production flows, a |16kg weight reduction in hot carcass weight would lead to reduced profits of $56
per pig (350c/kg x 16 kg). Over a batch of pigs this would equate to large losses, even if the pigs
challenged with multiple pathogens had recovered completely after 17 weeks of age. While pigs
challenged with either M. hyopneumoniae or P. multocida alone also suffered reduced weights (4 or 10kg
respectively), the added feed costs to get these pigs to market weight would be substantially less,
though all infections reduce potential profits.

Although feed intake was substantially reduced in the first week after challenge with Pasteurella (50%
reduction compared to the week pre-challenge), feed intake recovered in pigs challenged with both
pathogens by 4 weeks post challenge. However, these pigs were starting from a significantly lower
body weight once feed intake improved, so required additional feed to reach market weight relative
to uninfected pigs or pigs challenged with only one pathogen. The initial reduction in feed intake,
followed by the later recovery is supported by the activity scores outlined in the final report of APL
project #1870. Pigs challenged with both pathogens spent less time eating in the first 10 days post
Pasteurella challenge, and more time in sedentary activity (sleeping, lying), corresponding to the most
severe clinical period post infection.
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Challenge with both M. hyopneumoniae and P. multocida led to rapid reductions in mean ADG within a
week of the secondary Pasteurella challenge, illustrating the speed with which Pasteurella infection can
negatively affect pig production. Slower growth of pigs leads to increased days to slaughter and
therefore increasing feed costs, and reduced profitability. Surprisingly, rapid recovery in weight gain
was also observed within three weeks of challenge; specifically under these clean environmental and
hygiene conditions.

Under commercial conditions, pigs may be constantly challenged by pathogens, and are unlikely to face
a single respiratory infection at one time point. In addition, they may be exposed to poor
environmental conditions and infections from enteric pathogens, all of which will stimulate the pig’s
immune system and divert energy resources away from growth. Pigs in this trial had minimal exposure
to the environmental risks most commonly associated with increased respiratory disease expression
such as temperature fluctuations, dust, ammonia, bacterial endotoxins, poor ventilation and high

stocking rates (Stark 2000). It is therefore expected that pigs housed under commercial conditions,
with multiple pathogen exposure and environmental stressors, would exceed the growth reductions
seen in this trial (277g/d over four weeks), and would therefore suffer more losses in profitability.

Severe respiratory disease caused by combined infection with M. hyopneumoniae and P. multocida
significantly reduced feed efficiency (gain to feed ratios), which means that infected pigs needed to eat
more feed to reach the same target weights as uninfected pigs. The rapid decrease in gain to feed of
pigs challenged with both pathogens was due to both significant reductions in ADG and feed intake.
Surprisingly, pigs infected with multiple pathogens recovered feed efficiency relatively quickly.

Feed efficiency is typically reported as feed to gain where the smaller the value is (without being
negative), the better the efficiency. However, in this trial we chose to express feed efficiency as gain
to feed (the inverse), because the significant weight losses caused by pneumonia made feed to gain
ratios negative. Gain to feed ratios allowed us to express the results using a unidirectional scale with
increasing feed efficiency observed as increasing gain to feed ratios. A reduction in feed efficiency
(gain:feed) by as little as 0.1 can have a significant effect of profitability, so controlling the expression
of respiratory disease is critical. While single pathogens also reduced gain:feed ratios, the effect was
not as severe as multiple pathogens.

The significant weight loss caused by multiple respiratory pathogens is due to both suppressed appetite
(reduced feed intake) and redirection of ingested energy from muscle deposition to stimulation of the
immune system and heat production (fever). The energy and protein demands of immunity include
production and activation of leukocytes, cytokines, antibodies and bacterial peptides. In humans, severe
infection causing sepsis reduced total body protein by 13% over 3 weeks and increased energy
expenditure by 40% over 7 days (Plank and Hill 2000a; 2000b). Actinobacillus pleuropneumoniae infection
in growing pigs increased energy requirements by 50% to 70% between day 2 and 5 post challenge,
based on the severity of respiratory disease (Black et al., 1998). Spurlock (1997) suggested that the
reduced muscle protein synthesis associated with disease in rats may in part be caused by cytokine
stimulation, which reduces growth hormone and insulin like growth factor levels and increases the
release of stress hormones.

The increased severity of respiratory disease caused by multiple pathogens in this trial also significantly
reduced the proportion of body fat and increased body muscle in the sub-acute period of pneumonia.
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Although the reduction in body fat and specifically P2 fat may appear to be advantageous in producing
a leaner carcass at slaughter, it also makes pigs more vulnerable to subsequent challenge with other
pathogens and environmental stressors such as temperature, as energy reserves are reduced.

6.1.2 Multiple respiratory pathogens increase variation in production parameters, disrupting AIAO batch
flows

Although reductions in mean body weight, ADG and feed intake caused by respiratory disease can
increase days to slaughter, it is the variation in production parameters between affected pigs that really
disrupts production flows and causes the associated profitability losses. In this trial, greater variation
in ADG, feed intake, gain:feed and body composition (muscle and fat proportions) were observed in
pigs challenged with multiple pathogens. There was also a trend towards greater variation in slaughter
weights in pigs infected with multiple pathogens, although this was nullified by the unintended
transmission of Pasteurella infection to some of the control pigs late in the trial. The proportion of lung
tissue affected with pneumonia was also highly variable in pigs challenged with Pasteurella, particularly
in the sub-acute period.

Variation in pig weights, growth, intake and feed efficiency are due to the fact that pigs vary in their
response to pathogen challenge depending on factors such as their immune competence (genetics),
the magnitude of immune stimulation, the presence of other pathogens and environmental stressors.
In addition, the significant variation in volume of pneumonic lungs between pigs in the same treatment
indicates that tissue damage varies in pigs given the same pathogenic challenge.

In this trial, the increased variation in weight, average daily gain and feed intake was observed at 2 to
3 weeks post Pasteurella challenge; a delay of one or two weeks after reduction in production was
initially observed. This variation between pigs in the same treatment (both M. hyopneumoniae and P.
multocida challenged) also indicates that the immune response to infection and disease varied between
individual pigs. Although dynamic innate immune markers such as acute phase proteins or cytokines
were not measured in this trial, it is possible that the variation was due to either increased early
infection responses (pro-inflammatory) or increased early recovery responses (anti-inflammatory).
The rapid recovery of some pigs in the third week after challenge with Pasteurella, also indicates that
host immune factors play an important part in variation in disease expression and therefore
profitability. Some pigs appeared to be able to change more rapidly from a pro-inflammatory cytokine
response, where tissue damage is exacerbated, to an anti-inflammatory cytokine response, where
immune stimulation is dampened down.

Variation in market weight impacts on profitability by increasing housing costs per pig, due to delayed
emptying of sheds for light weight pigs in AIAO production. To avoid variation in market weight,
producers often sort pigs on weight before sale. However, this frequent mixing of pigs can have
significant impacts on both animal health and welfare. Producers can maintain AIAO production if they
market different weight pigs to the most appropriate buyer. However, this is likely to cause additional
sorting and transport costs.

The variation in feed intake, growth rates and weights caused by disease may be overcome with
additional veterinary treatments or dietary formulations to help slow growing pigs recover prior to
sale. However, all of these strategies ultimately lead to increased production costs and reduced
profitability, so cost-benefit analyses need to be performed.

46



A large variation in carcase size, shape and composition will also affect profitability due to increased
processing times for handling non-uniform carcases. In this trial, there was no increased variation in
fat and muscle percentages or P2 muscle depth in pigs affected with pneumonia, though it is possible
that this could change under field conditions. Additional environmental stressors, such as repeated
challenge, temperature fluctuations, ammonia and dust particles, are likely to exacerbate the immune
response to pathogen challenge and could lead to more significant variation in production parameters
and body composition.

6.1.3 Conclusion

Respiratory diseases have significant negative impacts on pig slaughter weights, weight gains, feed
intake, feed efficiency and body composition. All of these production losses lead to increased feed
costs, extended days to slaughter and disruption of all-in-all-out production flows, ultimately causing
reduced profitability of pig enterprises.

The expression of respiratory disease is impacted by many factors including challenge with multiple
pathogens. In this trial, pigs challenged with multiple pathogens had more severe production losses
and more variation in production measures than pigs challenged with only one pathogen or uninfected
control pigs. The expression of respiratory disease is likely to be further exacerbated under
commercial conditions where repeated pathogen challenge and environmental stressors are likely to
increase variation in the pig’s response to challenge, affecting production flows and meat processing.
The AUSPIG modelling software could estimate the impact of increased variation under commercial
conditions using the data from our experimental challenge trial.

6.2 Literature Review discussion: Factors that impact on the expression of respiratory
disease and how to monitor them

Respiratory disease control relies on producers utilizing management tools to reduce factors that
exacerbate disease like reducing stocking densities, improving air quality, ventilation, all-in-all-out
production flows and minimal mixing of pigs, improved temperature control and hygiene and the need
for disinfection between batches. Reducing the consequences of respiratory disease also relies on
monitoring pigs for respiratory disease in real time to better evaluate disease management strategies.

It is unlikely that any single respiratory disease or respiratory pathogen assay will adequately measure
respiratory disease, especially not in real time; thereby not providing producers with the opportunity
to control disease. While coughing is a useful clinical sign of current disease, it is not yet indicative of
the cause of disease (environmental or infectious) and may not correlate with disease severity. Further
development of the electronic software is required to distinguish coughs from sick and healthy pigs,
along with field evaluations. Although measuring lung lesions in real time by radiography, computed
tomography or sonography provide accurate measures of disease severity, they are limited to research
trials and are not practical measures on commercial farms. Estimation of lung gross pathology at
slaughter is not pathognomonic for specific diseases, and is reported to under-estimate the extent of
damage because lesions resolve before slaughter.

Measuring acute phase proteins or cytokines in serum do provide an accurate measure of the

inflammatory damage associated with pathogen infection, but APPs and cytokines are also elevated in
response to non-infectious injuries. They are also not specific for individual pathogens, so would need
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to be supplemented with subsequent clinical signs (ie. dry non-productive cough), pathogen detection
(PCR or culture) or serology. Cytokines and APPs are both very reactive, increasing rapidly after
infection, so would require frequent monitoring. Very little data has been published on the detection
of cytokines or APPs in oral fluids. If detection in oral fluids is sensitive enough, it would allow more
frequent and cost-effective monitoring at the herd level. Correlations would also need to be
demonstrated between cytokine and APP levels in oral fluids and other measures of respiratory
disease.

Serology may be a useful tool to monitor seroconversion to specific bacterial pathogens on a herd
basis, especially because seroconversion coincides with onset of coughing. However, serum antibodies
to M.hyopneumoniae do not correlate with disease in individual pigs, and are an indicator of past
infection. Antibody detection in serum or oral fluid samples is a cost-effective way to determine the
prevalence of infection, and indicates that pigs are recovering from infection, but antibodies alone do
not demonstrate immunity to re-infection. Oral fluids can monitor pig health in groups of pigs within
a population, rather than sampling a relatively large number of individual pigs within a population and
hence are a cost-effective tool. Oral fluids are collected on a cotton rope placed in the pen for a
period of 20 to 30 minutes, by which time it is estimated that 70% of pigs within a pen of 25 pigs have
had contact with the rope (Seddon et al., 2012). By sampling groups of animals, oral fluid testing has
the potential to facilitate surveillance and detection of disease in a population. Oral fluids can contain
both pathogens and the immune response to these pathogens (Prickett et al., 2008).

The major advantage of pathogen detection over serology is that it measures active infection, not past
infection, so can measure pathogen loads in real time. Although pathogen numbers in BALF correlate
well with disease, determining pathogen numbers in BALF is limited to experimental disease trials
where BALF can be collected under anaesthesia of animals. Pathogen detection in oral fluids and nasal
swabs appears to work well for viral pathogens and some secondary bacterial pathogens, but is less
sensitive for the more important bacterial pathogens in pigs, namely M.hyopneumoniae and
A.pleuropneumoniae. The detection of some pathogenic bacteria in nasal swabs and BALF is complicated
by the fact that these pathogenic bacteria also occur in healthy pigs.

Quantifying the pathogen load of multiple pathogens in known volumes of air may appear to be a useful
indicator of disease expression at the herd level, but field studies are still needed to correlate pathogen
loads with other disease scores (coughing, serology or subsequent lung lesions at slaughter) and
production.

A combination of disease and infection measures appears to be necessary to measure the severity of
disease and to ensure the necessary sensitivity and specificity of diagnosis. As coughing is often the
first clinical sign noted in pigs with respiratory disease, it needs to be measured in combination with
more specific assays to diagnose and quantify the impact of disease. Coughing occurs at a similar time
to the peak in pathogen load, so using qPCR assays to measure pathogen numbers in oral fluids or air
samples may increase the specificity of diagnosis. Cytokine and acute phase protein responses are not
pathogen specific and generally occur before coughing is noticed, so are unlikely to be useful in
combined disease scores. Coughing scores and serology appear to be useful for supporting the
diagnosis of enzootic pneumonia, but both measures have limitations and are either non-specific or
insensitive.
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As pathogen loads, antibiotic peptides, cytokines and antibodies in BALF appear to correlate well with
disease severity, it might also be useful to find less technically difficult ways to capture fluids from the
lower respiratory tracts.

Focussing on detecting potentiating pathogens may also be important for predicting potential
respiratory disease outbreaks. The most common potentiating pathogens in Australian pigs are
M.hyopneumoniae, influenza A virus and PCV2. Further studies linking these pathogens with later
disease outbreaks may help in identifying disease predictors. As PCV2 and influenza A can be readily
quantified in oral fluids, this may be the place to start monitoring to determine whether increased
loads of prevalence of SIV, M.hyopneumoniae or PCV2 lead to increased susceptibility to
A.pleuropneumoniae, H.parasuis, P.multocida and S.suis. Likewise monitoring of air samples for multiple
pathogens may indicate threshold levels for more severe respiratory disease expression.
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7. Implications & Recommendations

This study highlights the significant negative impact that multiple respiratory pathogens have on the
expression of respiratory disease in growing pigs. Although infection with M. hyopneumoniae or P.
multocida individually can affect production and carcase composition, pigs challenged with multiple
pathogens were more severely affected with lesions and clinical signs of pneumonia, and also with
reduced mean pig weights, ADG, feed intake and gain to feed ratios. The staggering |6kg reduction in
the mean weight of pigs challenged with both M. hyopneumoniae and P. multocida relative to 20 week
old healthy pigs illustrates the need for extra feed and time to allow these pigs to ‘catch up’ and reach
market slaughter weights, reducing profits by as much as $12.60 per pig. While pigs challenged with
either M. hyopneumoniae or P. multocida alone also suffered reduced weights, the added feed costs
($3.15 or $7.88 per pig respectively) had a smaller effect of reducing profits. The secondary challenge
with P.multocida caused rapid reductions in ADG within a week, illustrating the need for continuous
monitoring of herds to prevent production losses caused by disease.

The significant weight loss caused by multiple respiratory pathogens is due to both suppressed appetite
(reduced feed intake) and redirection of ingested energy from muscle deposition to stimulation of the
immune system and heat production (fever). The energy and protein demands for immunity have been
estimated to be increased by 50% to 70% between day 2 and 5 post challenge with Actinobacillus
pleuropneumoniae.

Pneumonia caused by combined infections also reduced the percentage of body fat by weight and
increased % muscle. Although the reduction in body fat and specifically P2 fat may appear to be
advantageous in producing a leaner carcass at slaughter, it also makes pigs more vulnerable to
subsequent challenge with other pathogens and environmental stressors such as temperature, as
energy reserves are reduced.

Pigs in this trial had minimal exposure to the environmental risks most commonly associated with
increased respiratory disease expression such as temperature fluctuations, dust, ammonia, bacterial
endotoxins, poor ventilation and high stocking rates, and therefore pigs housed under commercial
conditions would be expected to suffer greater growth rate reductions than seen in this trial (277g/d
over four weeks). The AUSPIG modelling software could estimate the impact of increased variation
under commercial conditions using the data from our experimental challenge trial.

Importantly this study showed that multiple pathogens also increased the variation within treatments
in all of the production parameters. While reduced ADG, Fl and feed efficiency lead to increased feed
costs and delayed production; increased variation in production predominantly affects profitability by
increasing the number of ‘tail-ender’ pigs, disrupting all-in-all-out production flows and increasing days
to slaughter. A large variation in carcase size, shape and composition will also affect profitability due
to increased processing times for handling non-uniform carcases.

Variation in market weight impacts on profitability by increasing housing costs per pig, due to delayed
emptying of sheds for light weight pigs in AIAO production. To avoid variation in market weight,
producers often sort pigs on weight before sale. However, this frequent mixing of pigs can have
significant impacts on both animal health and welfare. Producers can maintain AIAO production if they
market different weight pigs to the most appropriate buyer. However, this is likely to cause additional
sorting and transport costs.
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The variation in feed intake, growth rates and weights caused by disease may be overcome with
additional veterinary treatments or dietary formulations to help slow growing pigs recover prior to
sale. However, all of these strategies ultimately lead to increased production costs and reduced
profitability, so cost-benefit analyses need to be performed.

The expression of respiratory disease is exacerbated by multiple pathogens, but also by many other
factors including stocking density, air quality, ventilation, all-in-all-out production flows and frequent
mixing of pigs, temperature control and cleaning and disinfection between batches. The literature
quantifies the increased risk of respiratory disease associated with many of these management factors,
with biosecurity and air quality as two of the most important factors.

Reducing the consequences of respiratory disease relies on monitoring pigs for clinical signs and/or
detection of pathogens in real time, to give producers the opportunity to control or prevent disease.
Coughing is a useful clinical sign of current disease, but requires pathogen-specific detection to indicate
the cause of disease. Measuring lung lesions at slaughter is not pathognomonic for specific diseases,
and under-estimates the extent of damage because lesions resolve before slaughter. Serology is a useful
tool to monitor pathogen-specific infections on a herd basis; however, serum antibodies are an
indicator of past, not current infection. The detection of pathogen-specific IgA in oral fluids provides
an earlier indicator of infection than serum IgG responses, and oral fluid samples are a cost-effective
way to determine the timing of infection in pens of pigs. Oral fluid testing for either antibodies or
pathogens has the potential to facilitate surveillance and detection of disease in a population. The
sensitivity of pathogen detection of both M.hyopneumoniae and A.pleuropneumoniae in oral fluids is
currently poor.

Quantifying the pathogen load of multiple pathogens in known volumes of air may be a useful indicator
of disease expression at the herd level, but field studies are still needed to correlate pathogen loads
with other disease scores (coughing, serology or subsequent lung lesions at slaughter) and production.
This research may identify threshold levels for different pathogens that correlate with increased
severity of respiratory disease. Focussing on quantifying potentiating pathogens, such as
M.hyopneumoniae, influenza A virus and PCV2, may also be important for predicting potential
respiratory disease outbreaks. Further studies linking these pathogens with subsequent disease
outbreaks may help in identifying disease predictors. As PCV2 and influenza A can be readily quantified
in oral fluids, this may be the place to start monitoring to determine whether increased loads of
prevalence of SIV, M.hyopneumoniae or PCV2 lead to increased susceptibility to A.pleuropneumoniae,
H.parasuis, P.multocida and S.suis. A combination of disease and infection measures appears to be
necessary to measure the severity of disease and to ensure the necessary sensitivity and specificity of
diagnosis. The literature suggests that coughing scores, along with the detection of IgA in oral fluids
(or 1gG in serum) and pathogen load in the environment may provide the best tools to diagnose and
quantify the impact of disease.
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8. Intellectual Property

No new intellectual property has been developed as part of this project, however, the new data on
variation in production has yet to be published and could also be included into the AUSPIG model to
quantify the costs associated with increased variation in production. Many of the results from the initial
APL project #1870 investigating the production and carcass traits impacted by single or multiple
respiratory pathogens have already been published (Eamens, 2006; Eamens et al., 2007). However, the
effect of multiple respiratory pathogens on feed efficiency (expressed as gain to feed) have only
recently been reported (Wyburn et al,, 2015). The new analysis demonstrating the significant impact
that respiratory disease has on variation has yet to be published, but a manuscript is in preparation.
When this paper is approved for publication by both APL and the journal, the report should be freely
available to the pig industry.

The second part of the report detailing factors that impact on respiratory disease is a review of the
published literature, so no intellectual property exists in that report. It is likely that the risk factors
and diagnostic assays identified in the literature review will be useful to vaccine companies and
veterinarians in evaluating respiratory disease control.
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9. Technical Summary

There were no new discoveries in methodology or equipment design, as this project was a desk-top
study, which utilised data and analysis from previous pig respiratory disease research, both in Australia
and overseas. However, the study did demonstrate the importance measuring both the mean and
variation in production measures and more specifically using the Bartlett’s test for significance of
variation within and between treatments.
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10. Publications Arising
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