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1. SUMMARY  

Herd health is an important factor influencing farm profitability and pig welfare. 

Diagnostic methods such as blood collection and swabbing of body cavities to 

collect specimens for laboratory submission are labour-intensive, potentially 

stressful and invasive to the pig. The research described in this thesis investigates 

the use of a novel diagnostic tool for herd health monitoring. The TEGOTM Swine 

Oral Fluids Collection Kit (ITL Corporation, Melbourne) is designed to collect a 

pooled oral fluid sample on a cotton rope, representative of a number of pigs 

housed in a pen. This procedure is stress-free for the animals, easy and safe to use 

for the handler, with very little labour costs. This technology is in early validation 

phases in some countries outside Australia, for commercial use for detecting 

antibodies and/or genetic material for Swine Influenza virus (SIV), Porcine 

Circovirus Type 2 (PCV2) and Porcine Reproductive and Respiratory Syndrome 

(PRRS) virus.   

Actinobacillus pleuropneumoniae (APP) causes pleuropneumonia in pigs in 

Australia, resulting in coughing, deaths and carcase condemnations and 

downgrading. Diagnosis of APP in live pigs currently relies on Indirect-Enzyme 

linked Immuno-sorbent Assays (ELISA) testing for APP antibody concentrations in 

blood and/or Polymerase Chain reaction (PCR) testing for APP bacteria in tonsils.  

To our knowledge, APP PCR testing of saliva samples collected from pigs on cotton 

ropes has not been previously investigated in Australia.  

The studies described in this thesis were conducted in three stages.  Firstly, we 

sought to gather data to assist in determining the ideal number of pigs: cotton rope 

ratio to ensure that every pig in the group had at least one opportunity to contact 

the rope.  In this experiment, a cotton rope (TEGOTM Swine Oral Fluids Collection 

Kit) was hung in pens housing different numbers of pigs (11, 54, and 360 pigs per 

pen). Fifteen, eight and five replications were used for the pens with 11, 54 and 360 

pigs, respectively.   The proportion of pigs that manipulated the rope at 15 and 30 

minute intervals was recorded. Results suggest that the proportion of pigs in 

contact with the rope decreased with increasing pen size (P < 0.0001) and that 
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more than one rope should be included in pens with more than 11 pigs, to ensure 

all pigs contact the rope. Alternatively, using sample periods of more than 30 

minutes would increase the proportion of pigs in the group that manipulate the 

rope. However, longer sample periods would also increase the likelihood of cross 

contamination, affecting the sensitivity of detection.  

In the second experiment, we sought to determine the sensitivity of a conventional 

PCR test to detect APP in saliva. Saliva samples were collected from pigs known to 

be free from APP.  These samples and control diluent samples were spiked with 

known serial dilutions of a known concentration of APP bacteria (APPAliveTM 

vaccine). The results indicate that conventional PCR can detect APP bacteria in 

saliva down to a concentration of 1.26x104CFU/ml, and in diluent down to 1.26x103 

CFU/ml. A side study conducted during the sensitivity test demonstrated that APP 

in saliva will degrade at the same speed when samples are stored frozen (-20oC) or 

refrigerated (4oC) (ten-fold decrease from 1.26x105 CFU/ml to 1.26x106 CFU/ml). 

APP stored in diluent degraded faster when frozen, reducing the sensitivity of the 

PCR tenfold 1.26x104 CFU/ml. Refrigeration of the sample in diluent maintained 

detection concentration at 1.26x103 CFU/ml. 

Finally, we conducted an experiment to investigate the correlation between APP 

PCR testing of tonsillar swabs and saliva samples collected from individual pigs on a 

farm with (sub-clinical) endemic APP. In this study, only 1 of 25 pigs (4%) sampled 

produced a positive test result from the individual saliva collections. There were no 

positive test results from tonsillar swabs. These results suggest that PCR testing of 

saliva and tonsillar swabs has low sensitivity for detecting APP in sub-clinically-

infected pigs. 

The results of this study suggest that APP bacteria can be detected in pigs’ saliva 

using a PCR test; however, the test was not able to detect APP in tonsillar or saliva 

samples from sub-clinically affected pigs in a herd where APP was endemic. Further 

studies are required to determine whether the PCR can detect APP in tonsils or 

saliva of pigs where APP is causing clinical disease in pigs. Alternatively, quantitative 

(real time) PCR or antibody screening may offer more sensitive results. 
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2.  REVIEW OF THE LITERATURE  

 

2.1 Detection of Actinobacillus pleuropneumoniae in oral fluids 

from pigs 

Disease diagnosis and monitoring relies on testing for antibodies or pathogens in 

various biological samples (blood, tissues, and swabs) collected from individuals or 

groups of animals.  This is often labour-intensive and costly for the producer, as a 

veterinarian or skilled technician is required to collect the samples. A method for 

collecting diagnostic samples from groups of pigs has been developed and relies on 

collection of oral fluids using cotton ropes (TEGO™ Swine Oral Fluid Kit 2011). 

Development of the technology in overseas countries, is focused on the monitoring 

of pig viruses including; Swine Influenza Virus (SIV), Porcine Reproductive 

Respiratory Syndrome (PRRS) Virus and Porcine Circovirus type 2 (PCV2) (Dufresne, 

2011).  More recently, researchers have investigated the potential to test saliva for 

Actinobacillus pleuropneumoniae (APP) bacteria using PCR (Costa, Oliveira, & 

Torrison, 2012). Respiratory disease caused by APP in Australia and the possible 

application of PCR-testing of oral fluids to diagnose/monitor this pathogen in pigs 

will be discussed in this literature review. 

2.2 Actinobacillus pleuropneumoniae 

Actinobacillus pleuropneumoniae was first observed in 1957 by Pattison et al. The 

bacteria was originally called Haemophilus pleuropneumoniae, but was later 

changed to APP due to the discovery that the bacteria was closely similar to 

Actinobacillus lingieressi (Pohl, Bertschinger, Frederiksen, & Mannheim, 1983).  The 

bacteria is highly-contagious, host specific, gram negative, fermentative, 

haemolytic, facultative anaerobic, encapsulated coccobacillus of the 

pasteurellaceae family (Dubreuil, Jacques, Mittal, & Gottschalk, 2000). APP is a 

major endemic pathogen on many pig farms in the world and is the most common 

cause of pleuropneumonia in Australia (Stephens, Gibson, & Blackall, 1990).  The 

bacterium is late-colonising which means that it will preferentially adhere to areas 
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habituated with commensal bacteria, therefore  it is commonly found in the deep 

crypts of the tonsillar cavities, in the lungs and nasal cavities (J. T. Bossé et al., 2002; 

Costa, et al., 2012).  

2.2.1. Epidemiology 

Actinobacillus pleuropneumoniae is found in most pig keeping regions of the world 

including Europe, North America, South America, Mexico, Canada, Japan, Korea, 

Taiwan and Australia (Straw, Zimmerman, D'Allaire, Taylor, & Mengeling, 1999).  

APP is readily transmitted by aerosol (over  2.5 meters) via droplet infection and 

from direct contact with other infected pigs and materials (Jobert, Savoye, Cariolet, 

Kobisch, & Madec, 2000). An APP bacterium has been found to successfully travel 

up to 500 meters infecting neighbouring herds.  The bacterium is known to survive 

in water for 30 days at 4oC, and under ideal conditions in organic matter or mucus, 

the bacteria could potentially survive for hours or days (Cutler, 2001; Straw, et al., 

1999). To prevent APP infection in a herd, measures including strict biosecurity are 

mandatory. Close proximity between large herds pose the largest risk for disease 

spread  (Cutler, 2001).   

Pigs of all ages may be infected with APP but those aged between 12-16 weeks of 

age are most commonly diagnosed with APP-induced disease (Gardner, Bossé, 

Sheldrake, Rosendal, & Johnson, 1991). Disease outbreaks occur usually after 9 

weeks of age, when maternal antibody protection has disappeared.  It is believed 

that these younger animals are more prone to respiratory disease as they have a 

reduced capacity to cough up pathogenic substances from their lungs (Curtis, 

Kingdon, Simon, & Drummond, 1976). There is an increased incidence of APP with 

periods of high stresses, such as cold, heat stress, overcrowding, mixing and 

handling, which reduce the immune system’s capacity to fight of pathogenic agents 

(J. T. Bossé, et al., 2002; Rosendal & Mitchell, 1983). These observations suggest 

that pigs should be handled and moved minimally to reduce stress-induced illness 

occurring with opportunistic bacteria, such as APP. 



14 

 

2.2.2. Pathology  

Actinobacillus pleuropneumoniae infection of pigs can lead to sub-acute, acute or 

chronic disease.  In acute cases of the disease, death can occur within 24-48 hours.  

Affected pigs demonstrate haemorrhagic froth arising from pulmonary oedema 

which is discharged from the nose or mouth just prior to death (J. T. Bossé, et al., 

2002; Cutler, 2001; Dubreuil, et al., 2000; Straw, et al., 1999). An RTX (repeats in 

toxin) gene has a repeated peptide sequence found within the genes. The RTX 

toxins specific to APP are named APX toxins (APXI, APXII, and APXIII). These toxins 

are responsible for macrophage cell lysis within the alveoli of the lungs during 

infection, compromising the primary immune response of the pig.  Once the 

bacteria enter the pig’s circulatory system they also have a haemolytic affect.  This 

occurs as the toxins released by the bacteria destroy tissue and immune cells 

leaving them to multiply rapidly.  The destruction of tissues results in pneumonia, 

with pleurisy caused by leaking of pulmonary capillaries (Marsteller & Fenwick, 

1999; Straw, et al., 1999). 

Clinical signs expressed during the chronic and sub-acute stages of the disease 

include; laboured breathing, coughing, depression, inappetence, fever, cyanosis, 

and signs of reduced weight gain (Straw, et al., 1999).  These animals also have a 

high mortality rate with death occurring up to 6 months post-infection (Cutler, 

2001). Post mortem examination of infected pigs reveals severe lung necrosis, 

haemorrhaging, and fibrinous pleuritis (Straw, et al., 1999). Chronic and sub-acute 

disease cases have reduced growth and an increased susceptibility to secondary 

infection.  Chronically infected pigs will be persistently infected and carry APP long-

term; they are often responsible for unrelenting herd infections (Dubreuil, et al., 

2000). This is of concern as often these individuals remain undetected in a 

seemingly-healthy herd.  Those pigs which fully recover acquire a transient 

protective immunity to infection of the APP of the same serotype (J. T. Bossé, et al., 

2002). 

It has been found that APP pathogenicity and incubation period is concentration-

dependent. Challenge of animals with low concentrations of bacteria results in 
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chronic infections or serocoversion, whilst challenge with high concentrations of 

bacteria results in acute disease and often death (Sebunya, Saunders, & Osborne, 

1983; Straw, et al., 1999). In acute and clinical cases of the disease the pathogen 

can be detected in lung lesions, serum, tonsils, and in large quantities in the nasal 

discharge. In chronic phases of the disease the pathogen will be harboured in the 

necrotic lung lesions and/or the tonsils, and less frequently in the nasal cavities 

(Kume, Nakai, & Sawata, 1984). Therefore detection of APP in oral fluid during 

chronic stages of the disease would be difficult and depending on the sensitivity of 

the tests and the pathogen concentration in the oral cavity.  

2.2.3. Australian Serology 

There are fifteen identified serotypes (labelled serovars 1-15) with distinct 

structural differences.  Each serovar varies in surface and capsular polysaccharides, 

cell wall lipopolysaccharides, which influences the antigens produced (APXI, APXII, 

and APXIII) and virulence (J. T. Bossé, et al., 2002; Straw, et al., 1999). The serotypes 

are also differentiated into two biotypes. Biotype 1 is dependent on nicotinamide 

adenine dinuleotide (NAD) for growth, where biotype 2 has the ability to synthesise 

it (J. T. Bossé, et al., 2002).  

Within Australian pig farms, there have been developments in the knowledge of the 

present serotypes. Initially, Eaves and Blackall (1988) established that 1, 2, 3 and 7 

from the 14 known serotypes were circulating in Australian pig herds. Later Blackall 

and Pahoff (1995) extended the knowledge and established the presence of two 

more serovars, 11, and 12 in Australian herds. They also found that serovar 1 was 

the most common followed by 7 then 5 in Victoria, in New South Wales and 

Queensland 7 was more common than 1. However, half of the isolates tested were 

non-typable, or reacted with antisera to serovars 3, 6 and 8. This was suspected to 

be caused by a cross reaction caused by a common antigen; therefore multiple 

serotyping methods were required for these types (Mittal, Higgins, & Lariviere, 

1988). Blackall (1999) discovered between the period of 1993 and 1996 that a 

serovar very similar to 12 was also present within Australian pig herds, but 

remained un-characterized as the international reference strain was not compatible 
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with the Australian serovar isolate.  Hence 85% of the previously cross-reacting (3, 

6, and 8) and non-typable isolates were then identified as serovar 12. This meant 

that the most common serovars were in fact 12, 1, and 7 (87%) in descending order 

for all mentioned states. 

More recently Blackall et al (2002) proposed that there was a new serotype 

involved: the fifteenth, which contributed to the high numbers of serovar 12 

isolates. The discovery was made after the toxins produced in some isolates were 

not compatible with that typical for serovar 12. Therefore the original use of the 

new reference (HS143) strain for 12 was now the reference strain for the new 

serovar 15, which is unique to Australia.  In light of this new information it is now 

clear that serovar 15 is the most predominant strain followed by 1, 7, 12, and 5.   

The findings of regional variation along with the dramatic shift in serovar 

prevalence over the time highlights the need for continued serotyping studies. 

Gaining knowledge of the common serotypes will also aid in the serovar-specific 

diagnostic testing for in-herd diagnosis, disease control and monitoring. 

2.2.4. Diagnostics 

Actinobacillus pleuropneumoniae is currently primarily identified within herds using 

a combination of clinical evidence, herd history, post mortem examinations, 

bacterial culture and serotyping.  On-farm monitoring relies on producers and the 

piggery employees observing pigs for the most common clinical signs including:  

abdominal breathing, coughing, depression, inappetence, reduced weight gain and 

deaths. Deaths due to APP are characterized by blood-tinged froth oozing from the 

nose and mouth. Sub-clinical APP may go undetected in a herd where there is low 

infection pressure and the reduced growth performance is unnoticed.  The 

presence of pleurisy, lesions, or in the case of chronic infections fibrous lesions, will 

give the clinician a likely diagnosis of APP.  Walled-off lung abscesses may also be 

visible in pigs at processing and the incidence of these lesions can be monitored 

routinely at request as part of a private monitoring program for maintaining farm 

herd health and production (Straw, Shin, & Yeager, 1990). Currently in Australia 
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there is no official monitoring program for APP, only private investigations or 

carcase condemnations are noted during processing at the abattoir.   

2.2.4.1 Histopathology and bacterial culture 

Histopathology is used primarily to identify microscopic and chronic lung lesions. 

Isolation of the causative agent from the lungs lesions is required to confirm a 

diagnosis of pleuropneumonia caused by APP. In chronic cases of APP infection (for 

example, those seen at processing), lesions become encapsulated, shrink and are 

eventually reduced to areas of chronic scarring.  The number and viability of APP 

bacteria in chronic lesions reduces dramatically and isolation rates are poor; they 

are however easier to identify as there is a reduced chance of cross contamination 

due to the encasement of APP bacteria specifically (Costa, Oliveira, Torrison, & Dee, 

2011; Montaraz, Fenwick, Hill, & Rider, 1996). Attempting APP isolation from 

tonsillar or nasal swabs produces poor, inconclusive results even with selective 

media as the area is heavily colonised with commensal flora (Fittipaldi, Broes, Harel, 

Kobisch, & Gottschalk, 2003).  Tonsils have been proven to be a better site for APP 

isolation than the nasal cavity, with a study reporting 23.5% and  7.9% isolation rate 

from tonsils and nasal cavity of market weight pigs, respectively (Sidibe, Messier, 

Lariviere, Gottschalk, & Mittal, 1993). The APP organism will grow on selective 

media such as blood agar supplemented with NAD; the primary isolation also 

requires a streak of staphylococci. APP bacteria will grow as 0.5-1 mm satellitism 

around the staphylococcal colonies after 24 hours. Haemolysis will occur to the 

blood agar medium surrounding the APP colonies around the Staphylococcus 

streak, due to the three APX cytolysins. This hemolysis differentiates APP from 

Haemophilus parasuis (Straw, et al., 1999). Bacteria from the lung can also be 

smeared and stained revealing a gram negative coccobacillus bacterium (Straw, et 

al., 1999). 

2.2.4.2. PCR  

Polymerase chain reaction (PCR) testing can be used to demonstrate the presence 

of APP antigens in cases where APP is difficult to grow in culture and identify, i.e. 

chronic cases, and tonsil swabs (Gram & Ahrens, 1998; Sirois, Lemire, & Levesque, 
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1991). Therefore, this method would be most suitable for oral fluid testing, where 

other bacteria might be present and a more sensitive and specific diagnostic test is 

needed. PCR testing can be undertaken on samples from lung lesions, tonsil swabs, 

nasal swabs or from cultured material derived from isolated samples. PCR diagnosis 

is a useful tool as it has the capacity to identify pathogens in their early infectious 

stages. This is due to the high sensitivity (approximately 93%-97%) of the various 

PCRs given by the ability of amplifying nucleic acid from the specific bacteria of 

interest (Shah, Zimmerman, Burrel, O'Connell, & Monoz, 2011). The OmlA PCR has a 

specificity of 100%,  which greatly reduces the risk of the PCR reacting with other 

APP related bacteria including A. lingieressi (Gram & Ahrens, 1998).   

The genes encoding for the toxin APXIV, the outer cell membrane lipoprotein OmlA, 

DsbE like gene, and the ribosomal sub unit gene aroA contain a homologous 

sequence for amplification and detection of APP DNA using PCR. (Chiers et al., 

2001; Gram & Ahrens, 1998; Moral et al., 1999; Schaller et al., 2001; Sirois, et al., 

1991). This means that a conventional or nested PCR specific for those genes will 

specifically identify all APP serotypes, and is therefore an important tool for PCR 

APP diagnosis.  Some PCRs mentioned have various detection limits the different 

tests have been shown to be able to detect 109 to 102 CFU/g of tonsil (Fittipaldi, et 

al., 2003; Savoye et al., 2000).  There are PCR kits available commercially for 

laboratory use; some include Adiavet™ APP and VetPCR™ Kit (BioinGentech, 2012; 

Fittipaldi, et al., 2003).  

   2.2.4.3. Serum Testing 

A number of antibody tests (ELISA and blocked ELISAs) are available to assist in 

the herd diagnosis of APP. These tests detect antibodies (IgG, IgM, and IgA) specific 

of the immune response against APP infection (J.T. Bossé, Johnson, Nemec, & 

Rosendal, 1992).  A strong antibody response is generated by pigs and is detectable 

from approximately 10 – 14 days post-infection (J.T. Bossé, et al., 1992; R. Nielsen, 

van den Bosch, Plambeck, Sørensen, & Nielsen, 2000). The immunological response 

is generated by lipopolysaccharides, capsular polysaccharides, RTX toxins and the 

protein hemolysin antigen specific to APP (Andresen, Klausen, Barfod, & Sørensen, 
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2002; J. Bossé, Johnson, & Rosendal, 1990; J.T. Bossé, et al., 1992; Ma & Inzana, 

1990).  

The sensitivity of the antibody detection of serotype two is expected to be  100% 

and have a specificity of 92.8% (Enøe, Andersen, Sørensen, & Willeberg, 2001).  

Caution is necessary when applying the sensitivity, specificity and predictive values 

for APP serodiagnostic tests. The information used for producing these numbers is 

gathered after experimentally induced infections not field conditions. This becomes 

a problem as sub-clinical infections commonly occur during the early stages of life. 

As well as this it is difficult t to determine the APP status of those sub-clinically 

infected pigs as diagnostic isolation is not sensitive enough (Montaraz, et al., 1996).  

The use of serum testing has not been readily used in older animals, only weaners 

and growers have produced successful testing.  

 The RTX toxins are not specific to APP and are common amongst other gram 

negative bacteria including Escherichia coli, and Actinobacillus sius. Therefore this 

test isn’t specific enough for conclusive testing but can be used for initial screening 

of animals (R. Nielsen, et al., 2000). Haemolysin neutralisation (HN) antibody (ApxI) 

ELISA’s had high sensitivity of 98.1% and 90% specificity compared to compliment 

fixation testing, but the reactivity was quantitatively variable between serotypes, 

indicating that not all serotypes may produce positive results due to the lack of 

APXI exotoxin production (Ma & Inzana, 1990; Montaraz, et al., 1996).  This test 

does however have the ability to differentiate an immune response from a vaccine 

or naturally-acquired immunity, as currently the vaccines don’t elicit a HN titre. 

Using purified samples such as the purified capsular preparation before ELISA 

testing provides a more reliable set of results compared to other tests in which 

cross contamination is more likely (Montaraz, et al., 1996). 

In the absence of clinical signs the reliability of these serum tests is often 

questioned due the variation among serotypes, the virulence factors which vary 

among serotypes, stages of disease, and immune competence of the pig. Therefore 

the positive titre ratio may be too high or too low to discriminate APP positive 

animals from negative (Montaraz, et al., 1996). As well as this, the similar antigen 
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produce by the other gram negative bacteria gives rise to concerns regarding cross 

reaction.  Therefore the gold standard of diagnosis of APP is a combination of 

methods mentioned including, histopathology, isolation, and laboratory testing 

(Sidibe, et al., 1993).  

2.2.5. Serotyping 

It is vital that all isolates of APP recovered from herds are serotyped as the 

protection afforded by most vaccines is serovar-specific. In addition, APP virulence 

has been linked to serotype, with serotypes 1 and 15 being identified as highly 

virulent, serotypes 2, 5, 9, 10  and 11 moderately virulent and serotypes 3, 6, 7, and 

12 as least virulent (Cutler, 2001; Marsteller & Fenwick, 1999).  When testing the 

herd for the serotype status a sample representative of the herd should d be tested 

to ensure all serotypes present are identified (Dubreuil, et al., 2000; Marsteller & 

Fenwick, 1999). 

2.2.5.1. Multiplex PCR Serotyping 

Current research is focused on the development of a multiplex PCR test which is 

designed to conveniently detect multiple genes in one test by using a number of 

primers specific to the genes of interest. APP multiplex PCRs have the ability to 

specifically amplify the conservative capsular polysaccharides and OmlA gene 

produced by all APP serovars (Lo, Ward, & Inzana, 1998; Schaller, et al., 2001; 

Schuchert, Inzana, Angen, & Jessing, 2004). As well as detecting the presence of 

APP, the multiplex PCR has the ability to simultaneously detect the present 

serotype/s.  There have been two serotype-specific multiplex tests developed which 

amplify the specific capsular polysaccharides of serotypes 2, 5, and 6; or 1, 2, and 8; 

3, 6, and 8; also 1, 7, and 12 (Angen, Ahrens, & Jessing, 2008; Jessing, Angen, & 

Inzana, 2003; Lo, et al., 1998; Schuchert, et al., 2004; Zhou et al., 2008). Schuchert 

et al (2004) described this method as being relatively rapid, easy to perform and 

highly sensitive and specific compared to other serological assays. Common 

problems occur in the PCR diagnosis of serotypes as they are often cross-reactive to 

each other, as well as cross-reacting with other bacteria including Actinobacillus 

lignieresii resulting in false positive results (Mittal, 1990; Mittal, et al., 1988).  
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Multiplex PCRs discriminate cross-reactive serotypes successfully with utilisation of 

the APXIV genes (Zhou, et al., 2008). The multiplex PCR for serotypes 1, 7, and 12 

has found that A. lignieresii could be identified, as the bacterium is lacking a 

common capsular polysaccharide genes (CPS) gene with APP.  

Prior to this recent advancement of multiplex PCR, definitive serotyping was 

thought to be successful using conventional PCR on the RTX toxin genes (ApxI, ApxII 

or ApxIII) as they are specific to each serotype (Table 1) Unfortunately the cross 

reacting between serotypes affected the reliability of identifying all serotypes 

(Gram & Ahrens, 1998). In order to reduce the number of cross reactions Gram et al 

incorporated the use of OmlA genes located on the capsule polysaccharide and 

differ between groups of serotype also in Table 1 (Gram, Ahrens, Andreasen, & 

Nielsen, 2000). 

 

 Table 1:  A summary of the major toxins and capsular polysaccharides (CPS) (OmlA) 

produced by the recognized serotypes of APP (Frey et al., 1993; Gram, et al., 2000; 

Kamp, Vermeulen, Smits, & Haagsma, 1994) 

 

 

 

  

 

 

 

RTX Toxins / CPS produced  APP serotypes 

APXI and APXII 1, 5a, 5b , 9, 11 

APXII and APXIII 2, 3, 4, 6, 8, 15 

APXII only 7, 12, 13 

APXI only 10, 14 

APXIV All Serotypes 

OmlA I 1, 9, 11 & 12  

OmlA II 2, 8 

OmlA III 3, 6, 7 

OmlA IV 4 

OmlA V 5, 10 
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2.2.5.2. Gel Immunodiffusion test & Indirect Hemagglutination  

The most common technique currently used for serotyping APP is gel diffusion or 

indirect haemagglutination assay. In Australia only a single laboratory located in the 

Department of Agriculture, Fisheries and Forestry can perform this procedure 

(Turni, 2012). To identify the serotype, a single strain must first be isolated and 

processed to extract the specific antigen of interest. This procedure is time 

consuming but produces proven definitive results (J. P. Nielsen & O'Connor, 1984). 

Indirect haemagglutination assay (IHA) is an effective method of serotyping 

however in 1999 of the 12 known serotypes, only 10 produce homologous 

responses; the others produce heterologous responses between 6 & 8  also 9 & 11. 

Serovars 6 & 8 can be differentiated as there is a difference in the titres produced. 

This method is however unsuccessful  at differentiating serovars 9 & 11 (PJ Blackall, 

et al., 1999). 

Gel immunodiffusion (GI) is equally effective to IHA and produces 10 homologous 

responses. The two serovars which were producing equal antibody titres were 3 & 

9; serovar 11 was correctly identified although cross- reaction with serovar 9 was 

seen. A combination of these two methods will produce definitive serotyping for 

the 12 serotypes identified at the time (PJ. Blackall & Pahoff, 1995). The newer 

serotypes including serotype 14 can be identified using this GI and IHA technology, 

and no cross reactions were noted (R. Nielsen et al., 1997). There is also no 

evidence of cross- reactions occurring unlike in other serum testing where other 

bacteria and similar isolates interrupt results(PJ. Blackall & Pahoff, 1995; Mittal, 

1990; Mittal & Bourdon, 1991; Mittal, et al., 1988; Zhou, et al., 2008). 

 

The initially methods of serotyping APP were performed using techniques including 

the ring precipitation test (RPT), rapid plate agglutination, and slow tube 

agglutination. These methods produce some evidence of cross-reactions, unlike the 

GI and IHA  performed as described previously by Mittal et al (1982) and Eaves et al  

(1988). The rapid plate agglutination method is a whole cell test resulting in 

http://www.daff.gov.au/
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autoagglutination or roughness of the cell leading to non-typable results (Eaves & 

Blackall, 1988; Gunnarsson, Hurvell, & Biberstein, 1978; Inzana & Mathison, 1987). 

2.2.6. Prevention  

The ‘Australian Pork Industry Quality Assurance Program’ (APIQ) provides all 

Australian pig producers with the manuals and guides for on-farm management. 

The information follows good agricultural practices and incorporates ‘Hazard 

analysis and identification of critical control points’. Key certifications gained by this 

program include: High standards of food safety, animal welfare, traceability and 

biosecurity. The strict biosecurity outlined aims to protect the farm and industry 

from exotic disease, and disease contamination across farms (APIQ, 2010).  There 

are set biosecurity management procedures provided in the APIQ guide including 

most of the following: 

2.2.6.1. Farm Location, Management & Biosecurity 

Though not mentioned in the APIQ manuals, the location of the herd will affect the 

likelihood of contracting APP infection via aerosol from neighbouring infected 

properties. The number of farms or other pig stock facilities including roads in a 1 

km radius of the herd will increase the risk of aerosol  transmission, given the right 

environmental conditions are in place. The stocking density and size of the pig 

farms in the neighbouring vicinity will also affect the pathogen load carried in the 

wind (Cutler, 2001).  

Management activities greatly influence the risk of APP infection. Breeding stock 

should be purchased from a farm with a similar or better health status than the 

home herd. Sourcing replacement stock from a number of suppliers increases the 

likelihood of introducing APP as there are many critical points including transport 

and isolation which can increase the risk of herd infection. All sourced stock should 

be housed in quarantine pens for a minimum of 14 days. This period will give the 

new stock time to acclimatise to health status of the farm, and produce signs of 

disease outbreak (APIQ, 2011). In cases of chronic APP disease, clinical signs will not 

always be present so it is important to ensure that either the pigs are from a farm 
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of known similar APP status or serum testing is required from pigs in quarantine to 

confirm status of the incoming animals.  Sub-acute and clinical signs will more than 

likely be expressed due to the travel and handling stress (J. T. Bossé, et al., 2002; 

Rosendal & Mitchell, 1983).    

Adequate quarantine of personnel, equipment, and stock should be applied 

to prevent transfer of bacteria to the herd. Staff or farm visitors should not be 

allowed to handle pigs or enter the sheds within 24 hours of being on another pig 

property or handing other pigs to avoid transfer of APP. Personnel and feral pigs 

pose a threat to the transfer of bacteria from outside the farm and between units. 

A perimeter fence (10 m) will inhibit access by wild animals and access to only those 

people who are required to enter the farm. Silos and pick up points should d be 

located at the edge or outside the perimeter so vehicles do not enter the 

quarantine area. Staff should be required to change clothes and washing is essential 

to reduce infection risk. Equipment should be disinfected prior to entering the 

farm. Areas of washing and changing should be designated ‘clean’ or ‘dirty’ with no 

cross contamination (APIQ, 2011; Cutler, 2001; Straw, et al., 1999; Tuovinen, Gröhn, 

Straw, & Dean Boyd, 1992). APP bacteria have the capacity to survive in fluids for 

hours; a person could carry the pathogen to farms if these basic quarantine 

procedures were not enforced. The risk of APP infection via semen is extremely low 

(APIQ, 2011; Straw, et al., 1990), however, if artificial breeding is utilised on farm 

the semen should be from infection-free boars to minimise risk of transmission of 

other diseases.  

2.2.6.2. Environment 

Control of APP along with other diseases relies on reducing infection pressure 

and susceptibility of the individual by improving the pigs’ environment. The animal 

husbandry standards affect the number of APP organisms present by the type of 

flooring/ bedding, and manure system. The feeding regiment along with the 

stocking density, and shed design influence the air quality i.e.  high aerosol 

concentrations of dust, gas, ammonia, and microorganisms increases the likelihood 

of infection (APIQ, 2011; Cargill, Skirrow, & Banhazi, 1996). A high stocking density 
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also increases the risk of contact infection by direct nose-to-nose contact 

particularly with limited trough space per pig (<30cm).  Wet feeding and ad libitum 

feeding reduced the dust and nose-to-nose contact significantly in a study 

(Bäckström & Bremer, 1978). Nipple drinkers reduced the prevalence of disease 

over trough systems.  Shed design and ventilation mechanisms affect the 

temperature of the microclimate of the pig, with outbreaks of respiratory disease 

occurring more commonly in drought, heat and cold situations.  Hygiene is another 

important factor; all in all out movement systems allow for complete cleaning and 

disinfection of the shed to break the infection cycle (APIQ, 2011; Bäckström & 

Bremer, 1978; Straw, et al., 1999). Good hygiene practises are important to reduce 

the risk factors of other disease which could compromise the immunity of the pigs 

(Lindqvist, 1974; Rosendal & Mitchell, 1983; Stärk, Pfeiffer, & Morris, 1998; 

Tuovinen, et al., 1992). 

2.2.7. Treatment 

The treatment of acutely infected animals with APP requires antibiotics given 

parenterally, as the affected pigs have a reduced appetite for food and water after 

infection (Eaves, Blackall, & Fegan, 1989).  Injected antibiotics should be 

administered hastily after initial clinical signs appear, to reduce the impact of the 

disease and increase the likelihood of maintaining production from the animal. 

Sick animals should be placed in a hospital pen quarantined away from the rest of 

the herd to reduce the transmission of disease and to aid in the pigs’ recovery.  The 

remaining animals in the pen should be treated with parenteral antibiotics if they 

demonstrate clinical signs suggestive of APP.  However, lung lesions and fibrous 

pleurisy may remain through to slaughter in treated pigs, reducing productivity. The 

serovar prevalence needs to be established and vaccines used to prevent further 

spread of  the disease (Eaves, et al., 1989). 

2.2.8. Control & Eradication 

Medicated early weaning has been identified as an effective method of preventing 

APP-induced disease in weaner-grower animals. The weaning age proposed for the 
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elimination of APP is approximately 14-21 days; the earlier the more affective the 

process (Cutler, 2001). This method of prevention will also reduce the number of 

persistently-infected pigs as this is commonly the time of chronic disease 

development (Montaraz, et al., 1996).   

The disease can be eradicated by herd depopulation and farm disinfection, and 

restocking from an APP naive herd. This process can be costly in the short term due 

to added feed cost to first sales, the purchasing of all replacement breeding stock 

and added labour costing of approximately $394/sow. However in the long term 

the herd once established will have higher reproductive and growth performances. 

Following a depopulation a strict barrier must be maintained to prevent herd 

reinfection (Cutler, 2001; Rosendal & Mitchell, 1983).  

2.2.8.1. Antibiotics  

Antibiotics used to treat APP include tetracyclines, tiamulin, pleuromutins and 

penicillin-based products.  Theses antibiotics have the ability to reduce the 

mortality rate and lung lesions in clinical and acute APP infected pigs (MacInnes & 

Rosendal, 1988; Schultz, Cue, & Anderson, 1983; Willson & Osborne, 1985). 

Antibiotic therapy is of no benefit to pigs with chronic APP infections. (Willson & 

Osborne, 1985). Antibiotics are supplemented into the pigs’ feed and/or water 

strategically to prevent APP outbreaks, with minimal animal handling. However, 

antibiotics have been shown to have greater affect when given to the animal 

intramuscularly, prior to disease exposure (Willson & Osborne, 1985). More 

recently the use of locally acting antibiotic tilmicosin, or a combination of 

lincomycin in feed followed by an injection of ceftiofur has been shown to be 

successful  in the eradication of APP when used in conjunction with ‘Swiss’ partial 

depopulation measures. ‘Swiss’ partial depopulation involves the removal of all 

young animals to a facility at least 2 km away from the adult herd. Whist the young 

are away they are treated with the antibiotics, and site cleaned and disinfected 

(Cutler, 2001). 

Reliance and over-use of antibiotics to control diseases in animals is under 

scrutiny due to the selection and amplification of multi-drug resistant pathogens. 
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Therefore a method to reduce or eliminate the need for them is required to 

maintain the production within the pig industry (Ramjeet, Deslandes, Gouré, & 

Jacques, 2008).  

2.2.8.2. Vaccination  

Vaccines against APP began with the use of the whole cell bacterins then developed 

to the use of APP subunits. Subunits include purified antigens only including: RTX 

toxins, haemolysin protein, outer membrane liposaccharides, and capsular 

polysaccharides (Chiers et al., 1998; Haesebrouck, Chiers, Van Overbeke, & 

Ducatelle, 1997).  Unfortunately, these vaccines only offer homologous protection 

from the single serovar from which the vaccine was developed. There has now been 

a release of a commercially-effective, multi-serotype protection vaccine for the 

control of APP infections (R. Nielsen, 1985; Porcilis APPvac® 2012; Ramjeet, et al., 

2008). 

Higgins et al (1985) explored the efficacy of using the killed vaccine Pleurovac® 

using bacterins of the antigen for serotypes 1 and 5. The vaccinated pigs had 

reduced signs of mortality after two or three vaccinations, but the vaccine did not 

reduce the morbidity rates or lung lesion occurrence. Those pigs that were in the 

control group or that received less than or one doses died from APP. The research 

confirmed that injecting with a killed vaccine produced low antibody titres and did 

not prevent sub-clinical and chronic infections, which is also economically 

significant, given the increase in numbers of persistently-infected animals would 

increase the circulating pathogen load within the herd. In addition, the adjuvant or 

high toxicity of the vaccine caused local reactions at the injection site (Higgins, et 

al., 1985). 

To overcome the local reactions, the use of pure subunit vaccines that utilise 

capsule polysaccharides, outer-membrane liposaccarides and proteins was 

developed.  Pleurostar™ Novartis is a subunit vaccine for APP serovars 7 and 9. This 

vaccine was one of the many researched which actively impedes the bacteria’s 

ability to access iron (Rapp & Ross, 1988).  Alternatively the subunit vaccines which 

utilise the RTX genes such as the hemolysin vaccine which was made up of ApxI and 
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ApxII were significant as they neutralised the toxins in the lung increasing the 

survivability of the neutrophils, which allows for the clearance of the bacteria from 

the lung and reduced lesions (Chiers, et al., 1998; Haesebrouck, et al., 1997). 

The Australian Pork CRC has been successful in the development of a live 

attenuated vaccine (APPAliveTM). The vaccine administers a small challenge dose of 

live APP; the one shot is given intranasally to the sucker or weaner whilst under the 

maternal antibody protection. The shot stimulates an immune response from the 

piglet without inducing disease. Its use in piglets of sows that have not been 

exposed to the disease is contra-indicated, as the colostrum has not provided the 

piglet with the antibodies to prevent a disease outbreak (Cant, 2009; Lee, 2012; Pig 

vaccine breakthough a world first, 2009). 

The recently registered Australian vaccine Porcilis APPvac® (MSD Animal Health) is a 

whole cell APP vaccine. The vaccine contains whole APP cells of serotypes 1, 7, and 

15, these serotypes produce antigens for the all the three toxoids when combined 

(see Table 1), along with outer membrane protein and a dual adjuvant to increase 

immune response. The combination within the vaccine stimulates an APP-specific 

immune response. The vaccine after the initial vaccination and booster 2-3 weeks 

later has been shown to greatly increase survival rates of pigs, and decreases lung 

lesions, aiding in the control of APP in grower animals (Porcilis APPvac® 2012).  

Most APP vaccines are administered intramuscularly; however aerosol or nasal 

administration can be used to mimic a natural APP infection. This route of 

administration is dependent on the particle size; the smaller the antigen, the more 

likely that it will penetrate the alveolar space to enter the lymphatic system to 

induce both a systemic and local immune response (Furesz et al., 1997). In 2009, 

intranasal vaccination via aerosol or directly into the nostril of a piglet was found to 

increase the likelihood of a cross-protective immune response (J.T. Bossé, et al., 

1992; Cant, 2009). This was due to stimulation within the nasal cavity to trigger a 

mucosal IgA response as immunity against APP is more systemic (IgG) when the 

lung is inflamed, then both antibody types are likely to improve antibody titre 

response (Mittal, et al., 1988). 
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If a vaccination schedule is not used and the herd is naïve to APP bacteria, 

disease outbreaks are likely to occur.  Once a contingency plan for preventative 

vaccination and disease control is applied, ongoing protection and monitoring is 

essential to determine the success and prevent any future disease outbreaks 

(Cutler, 2001). 

2.2.9. Economic impact  

Economic losses due to APP are related to the reduced growth and decreased feed 

conversion efficiency among infected animals. The decrease in growth rate is 

estimated at 10 g/day and the estimated cost is $30/ sow/ year (Cutler, 2001). 

These losses are only assumptions given the environmental stressors, which can 

trigger an outbreak of APP, may also be affecting these measures (Straw, et al., 

1990). Primary costs associated with pleuropneumonia include increased carcase 

variation, mortalities, intervention costs (vaccines, antibiotics), increased 

management, and feed cost due to tail-ender pigs (Hunneman, 1986; Straw, et al., 

1999). Mortalities in grower-finisher groups of pigs usually occur at a rate of 5-10%, 

and up to 35% in cases of severe APP outbreaks. Up to 20% of Australian pigs at 

slaughter have lung lesions, most caused by APP, often in combination with 

Mycoplasma hyopneumoniae (Cutler, 2001). Carcases are condemned or trimmed 

excessively at processing due to lesions on the lungs and adhesions to the body 

cavity (Hurnik, Hanna, & Dohoo, 1993; Marsteller & Fenwick, 1999).  

Pleuropneumonia caused by Mycoplasma hyopneumoniae, was estimated to cost 

between $55 and $71/sow/year in Australia in 2001, without including medication 

costs. Forty four percent of losses were attributed to the reduced growth rates and 

56% to the increased mortality. The figures for APP are dated and would be 

expected to match the cost of M. hyopneumoniae, due to inflation of input 

resources (Cutler, 2001; Turni & Blackall, 2010). 

2.3. Oral fluids for diagnostic testing  

2.3.1. Saliva and oral transudates  

Oral fluids are produced by an individual to perform functions including lubrication, 

mastication, bolus formation, digestion and tasting of food, along with 
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antimicrobial activity, cleansing, tooth remineralisation and phonation assistance. 

Fluid from the oral cavity originates from salivary glands which vary in number, size, 

and location. Pigs possess parotid, mandibular, and sublingual salivary glands (John 

R. Prickett & Zimmerman, 2010).  

Oral fluid contains saliva along with serum transudate that crosses the oral mucosa 

(oral mucosal transudate) and gingiva (gingival crevicular fluid) from capillaries 

located in the oral mucosa and gingival tissues (Cameron & Carman, 2005; 

Challacombe, Russell, Hawkes, Bergmeier, & Lehner, 1978; Delima & Van Dyke, 

2003). Oral fluid is therefore a product of the circulatory system which is why the 

composition is similar to that of blood serum (hormones, drugs, antibodies, 

analytes, viruses, etc.) (Cameron & Carman, 2005). 

The passive transfer of fluorescein dye from an injection site to the circulatory 

system to gingival crevice in the mouth was demonstrated in a dog by Brill and 

Krasse (1958).  In 1966 (Madonia, Bahn, & Calandra) it was established that viruses 

(Coxsackie B-1 virus) can be transferred from the serum to oral fluids in rabbits 

after intravenous injection of the virus.  

Radio-labelled antibodies IgG, IgM, and IgA were injected in rhesus monkeys to 

track the successful transfer between the circulatory system and oral cavity. These 

antibodies enter the oral fluid via local plasma cells within the salivary glands, duct-

associated lymphoid tissue and acinar epithelial cells (Challacombe, et al., 1978; 

Moral, et al., 1999; J.R. Prickett, Kim, Simer, Yoon, & Zimmerman, 2008; John R. 

Prickett & Zimmerman, 2010). 

2.3.2. History of oral fluid diagnostics 

Oral fluid diagnostic assays were developed primarily for human disease detection, 

including some major diseases such as Human Immunodeficiency Virus (HIV), 

measles, mumps, rubella, polio and hepatitis A, B, And C as well as many others. 

Initially, Michaels in 1901 attempted to detect metabolic diseases of humans by 

testing oral fluids for a variety of analytes, concluding that the composition of saliva 

is comparable to that of blood serum. (John R. Prickett & Zimmerman, 2010). In 

1909, Pollaci and Ceraµl o indirectly discovered antibodies to be present in oral 

fluid samples after the agglutination of Micrococcus melitensis. These findings 
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ignited the movement to the non-invasive diagnosis for Malta fever using oral fluid 

testing (Pollaci & Ceraulo, 1909). 

The use of oral fluids as a diagnostic tool was greatly surpassed by the technological 

advances in blood and serum testing; there was a period of time when little to no 

development was made. Wheatcroft (1957) compared the serum antibody 

complement fixation titers and oral fluid bacterial agglutination titers for Malta 

fever virus demonstrating a correlation of r=0.674. The comparatively lower 

antibody concentration in the oral fluid over serum from the same individual gave 

rise to concern regarding the diagnostic sensitivity using oral fluids. Wheatcroft also 

noted that each individual has physiological differences in the salivary glands’ ability 

to transfer antibodies from serum to saliva. Therefore the risk of false negative 

diagnosis was expected to be high when using oral fluid antibody detection 

(Wheatcroft, 1957). 

Later Archibald et al. (1986) reported the detection of human immunodeficiency 

virus (HIV) antibodies in the saliva of a patient prior to developing acquired 

immunodeficiency syndrome (AIDS) (Archibald, et al., 1986). Recent and continuous 

research further developed this technology to detect healthy carriers of HIV quickly 

and cost-effectively. HIV oral fluid swab testing kits are successfully used 

commercially and have provided a major contribution to infection reduction and for 

epidemiological studies of this disease (Branson, 2007; John R. Prickett & 

Zimmerman, 2010). 

2.3.3. Oral fluid testing in pigs 

The technology of oral fluid diagnostics has been recently embraced and further 

developed for animal and veterinary use. This technology has been trialled and 

utilised for many other animal species including bovine, equine, swine, canine, 

feline and others.  

The first report of oral fluid testing in pigs was in 1976 by Corthier, after intranasal 

classical swine fever virus vaccination provided detectable concentrations of 

antibodies from the pharyngeal secretions (Corthier, 1976). Corthier furthered the 
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research with Aynaud (1977) to find which intranasal or intramuscular route of 

administration would produce the strongest local and systemic response, using 

both oral fluid and serum antibody testing.  Both responses were strong but the 

highest antibody titre occurred after intranasal at high doses (Corthier & Aynaud, 

1977). This evidence suggests that high APP antibody titers could be expected due 

to the nature of the respiratory route of infection. A lower concentration of 

antibodies is found in the oral fluid compared to serum, however, they do have the 

same antibody profile (Cameron & Carman, 2005; J. R. Prickett, et al., 2008).  

In 1980, DeBusscher and Berman inoculated pigs with Transmissible Gastroenteritis 

Virus and the submandibular and sublingual salivary glands were stained and 

examined post mortem to estimate the number of antibody secreting plasma cells. 

The research confirmed that IgA secreting cells were the most numerous followed 

by both IgM and IgG. This indicated that increases in antigen-specific plasma cells 

were detectable in salivary glands of pigs after infection (DeBuysscher & Berman, 

1980). 

Loftager et al (1993) collected oral fluid samples from pigs intranasally inoculated 

with APP and the IgA concentration was measured over time using an ELISA test 

and compared to the IgA concentration in serum. The IgA was detectable in the oral 

fluid at an earlier stage than in serum; however, the IgA and IgG concentrations 

declined more rapidly than in the serum. These findings suggested that antibody 

detection in oral fluid could be used for an early detection of APP infection as a 

screening method (Dufresne, 2011; Johnson et al., 2011; Loftager, Eriksen, & 

Nielsen, 1993). 

2.3.4. Pooled saliva samples 

Zimmerman further developed the oral fluid collection technique to collect a 

“pooled sample” then began adapting and validating current antigen and antibody 

laboratory tests for pooled oral fluid samples. The benefits associated with pooled 

collection include: the ease and speed of collection, the collection of a 

representative sample from a pen/ population, both antigen and antibody type 
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tests can be utilised, and one sample can be used to test for multiple diseases 

(Dufresne, 2011). 

The grouped oral fluid collection procedure is not invasive to the individual, 

hence reducing the stress encountered.  Reducing stress in animals is a high priority 

as it has been associated with decreasing the risk of opportunistic disease 

outbreaks, and improves welfare (Shah, et al., 2011). Due to this procedure being 

less invasive and stressful  the safety of both pig and handler is greatly improved 

also (Costa, et al., 2012).  The main advantage is that testing a pooled sample allows 

for a larger proportion of a population to be tested. A current practise in 

monitoring APP heard health status is to select and take blood from 30 heavy bacon 

pigs (Cutler, 2001).  A farm representative sample is important and gives the system 

the capacity to allow for economic and efficient monitoring of herds (Dufresne, 

2011; J. R. Prickett, et al., 2008).  

2.3.5. Prognostic testing 

Prognostic testing is the monitoring of pathogens circulating within a population 

before a clinical disease outbreak can occur.  Prognostic testing will be achievable 

with the implementation of pooled oral fluid collection pig herds, allowing the 

producer to forecast herd health and productivity for the immediate future.  The 

information gained from this method of detection is fundamental to the control, 

elimination, or eradication of an infectious agent (Irwin et al., 2011; J. R. Prickett, et 

al., 2008).  

On-going herd pathogen surveillance is an important component of monitoring 

and maintaining herd health after efforts to eliminate a disease within a population.  

Spronk and associates (2011) developed a classification table (Table 2) which 

outlines a monthly  oral fluid testing surveillance protocol to class the PRRSV herd 

health status. Enabling a farm to identify the stage of infection or eradication 

success is important when estimating future income, and determining the next step 

of control. A table like the one described below should be devised for all diseases 

and become a tool for farm and veterinary use. 
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 Table 2: PRRS oral fluid test diagnosis classification table. 

Level Description Comments 

5 PRRS Active The farm has undergone a new outbreak, and 

the herd is actively shedding the virus. 

4 PRRS- Stable Farms have advanced from level 5 to level 4, 16 

weeks post-PRRS break out. Farm testing shows 

intermittent PRRS-Negative test results from 

piglets. 

3 PRRS Vaccine- 

Positive 

Farm has completed a 250- day herd closure. 

Farm is completely free of wild type- virus. 

Farm is continuing to use PRRS vaccine (either 

iso-wean piglets or replacement introduction) 

2 PRRS- Negative- 

Commercial 

Farm has completed a 250-day herd closure. 

Farm is repeatedly testing negative on iso-

wean piglet serum tests. 

Naïve gilts have been entered into farm and are 

staying negative. 

1 PRRS- Negative- 

Multiplication 

Farm has completed a 250- day herd closure. 

Farm is repeatedly testing negative on iso-

wean piglet serum tests. 

Naïve gilts have been entered into farm and are 

staying negative. 

(Spronk, et al., 2011) 
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2.3.6. Disease detection in grouped pig samples 

Prickett et al (2008) demonstrated  the validity and ease of using pen-based oral 

fluid samples for the detection of both PRRSV and PCV1 with the use of PCR.  The 

oral fluid results for PRRSV testing detected 77% of positive serum samples 

collected from the same group of animals in both experimental and field conditions. 

In 2008, Seabroad Foods USA trialled the adaption of oral fluid testing for detection 

of SIV and PRRSV in meat-destined livestock. Serum and oral fluid samples were 

collected from each pen of animals to find if the fluid testing was sufficiently 

sensitive to detect pathogens within a pen.  The results suggested that the oral fluid 

sampling has a high sensitivity to both SIV and PRRSV using both PCR and ELISA 

detection methods (Dufresne, 2011; J. R. Prickett, et al., 2008).   

Various other viruses have been detected in oral fluids, some of which cannot be 

detected from the serum. Vesicular Stomatitis Virus is one of these; viral antibody 

titers were obtained from oral swabs and not serum as the virus is shed from 

infected swine before serocoversion (Stallknecht, Howerth, Reeves, & Seal, 1999). 

Johnson et al (2011) vaccinated 8 month old gilts with Salmonella, Lawsonia, 

Leptospirosa vaccines. Oral fluid was collected from each. The modified commercial 

ELISA results indicate that the oral fluid results were comparable to the serum tests 

when detecting vaccine efficiency of these viruses and bacteria (Johnson, et al., 

2011). 

2.3.6.1. Mycoplasma hyopneumoniae  

There is a low PCR detection rate for M. hyopneumoniae from lung samples, and 

nasal swabs due to a lack bacteria colonising within the respiratory tract. Oral fluids 

from sub-clinical cases of infection produced false negative results when PCR 

detection was used. After the infection became clinical, positive PCR results were 

gained using the oral fluid diagnosis. Therefore, this test does not seem reliable for 

determining if the herd is free from sub-clinical M. hyopneumoniae. The test can 

however be used to determine the cause of clinical disease with in a herd 

(Dufresne, 2011). Anti- M. hyopneumoniae antibody detection is expected to 

provide better sensitivity  for detection of M. hyopneumoniae (Irwin, et al., 2011).  
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2.3.6.2. Actinobacillus pleuropneumoniae 

Actinobacillus pleuropneumoniae is similar to M. hyopneumoniae, regarding 

the low detection rate when testing oral fluids. APP bacteria are identified to 

colonize the tonsils and as such it was expected that applying PCR methods to oral 

fluid would detect APP. However, recent evidence suggests that APP is harboured in 

the deep tonsillar crypts, which would limit the number of bacterium exposed to 

the oral fluid (Chiers, et al., 2001).  In addition, as Costa (2011) reported, heavy 

contamination with commensal bacteria in the oral fluid might also interfere with 

APP detection in tonsillar swabs.  

Costa (2012) found that APP bacterial infections can be detected using PCR tests on 

oral fluid samples of experimentally-infected pigs.  The research showed that 

serovars 3, 7, and 10 produce positive PCR results at Days 1 and 7 post-inoculation 

from grouped collected oral fluid. Serovars 1 and 15 were not detected at any point 

post inoculation under identical conditions in pigs which were serum tested positive 

using ELISA.  

Alternatively, antibody detection is more likely to detect positive pigs after 

infection. This is the case as Costa (2011) compared the PCR on tonsil pieces to 

serum antibodies but found no correlation. The lack of correlation was expected to 

have been caused by the clearing of APP from the tonsils in those seropositive pigs. 

Those pigs that did produce positive PCR and negative serum tests may have 

resulted from direct nose-to-nose contact, just prior to testing. This research also 

found that the virulence factors associated with each of the APP serovars affected 

the likelihood of detecting higher numbers of infected animals earlier post 

inoculation.  This research was conducted on serum antibody detection, but 

information is most likely transferable to the oral fluid antibody testing however 

with the lower sensitivity due to the lower concentration of antibodies. Research is 

required to develop the detection sensitivity of antibody testing grouped oral fluid 

sample for herd health.  

Loftager (1993) had confirmed the detection of antibodies to APP serotype 2 in oral 

fluid.  The research discovered that anti-APP antibodies were recovered in the oral 
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fluid prior to showing up in blood serum.  This discovery indicated that the local 

immune response will affect the detection of antibodies in oral fluid and indicated 

that early detection is probable.  Further research in to the nature of interactions 

between oral fluid and APP organism is required to eliminate potential PCR or ELISA 

inhibition.  One of the objectives of the current study was to identify if there are 

inhibitory factors within saliva which could impede PCR testing. 

2.3.7. Commercial oral fluid collection in pigs  

The cotton collection rope has been shown to provide a form of enrichment to the 

pigs as they are stimulated to perform a natural chewing behaviour within their 

everyday commercial piggery housing conditions.  This was how the development 

of this product began as pigs’ natural tendency to chew novel objects in the 

environment can also be exploited for animal health purposes (Apisit Kittawornrat 

& Zimmerman, 2011). 

There is a commercially available product (Appendix 1: Image 1) that includes a 

sterile rope, a bag for collecting the oral fluids from the rope and a tube for 

transport of the sample to the laboratory for testing.  This product, ‘TEGO® Swine 

Oral Fluid Testing Kit’, was developed by ITL Animals Health Care.  The kit comes 

with simple instructions for the collection method, and so samples can be collected 

by anyone on farm safely.  

The protocol for this prototype is as follows (Image 1): The cotton rope is 

introduced into a group pen and tied at shoulder height where a number of pigs will 

chew and interact with the rope for 15-20 minutes.  The oral sample is then 

squeezed from the rope, which consists of saliva and oral mucosal transudate as 

well as pathogens and antibodies, into a collection tube, and sent for testing. 
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Image 1: TEGO Oral® Fluid Test Kit illustrations (TEGO™ Swine Oral Fluid Kit 2011) 

There are currently no commercial recommendations for frequency of sample 

collection and pen sizes. It was an objective of the current study to investigate this 

further. 

2.3.8. Sample collection  

The recommended interval for disease surveillance is to test at 2- 4 weekly 

intervals. Prickett et al (2008) determined this time period as some diseases 

including PRRSV are only detectable in oral fluid for 3-8 weeks and PCV2 after 8 

weeks (Opriessnig, McKeown, Harmon, Meng, & Halbur, 2006). This interval should 

enable the detection of most other diseases however confirmation is required. The 

testing is expected to detect initial shedding prior to clinical outbreak of the disease 

(Detmer, Patnayak, Gramer, & Goyal, 2010). 

It has been demonstrated that the collection material can affect the volume and 

component concentration of the oral fluid sample retrieved (Chang, Cohen, & 

Bienek, 2009; Crouch, 2005).  Crouch (2005) demonstrated that between 18% and 

83% of the volume collected from the various devices was successfully extracted.  

Grouped oral fluid collection in pigs utilises a cotton rope that has been shown to 

yield the lowest levels of both IgM and IgG antibodies which could impede on 

sensitivity of detection.  In some cases it is preferential to have lesser concentration 

of the IgM in a sample as it could cause steric hindrance to the antibody or 

pathogen desired to be detected (Chang, et al., 2009).  This evidence suggests the 

material of the collection device influences the extraction of the desired properties; 

this would more than likely include the agent APP bacteria itself.  Further 
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investigation into this problem is required for grouped pig samples for both 

antibodies and antigens.   

As the full concentration of antibodies or bacteria may not have been extracted from the 

rope after processing, altering cut off points and thermo-cycling parameters  is required 

when performing ELISA’s or PCR’s.  The addition of buffered salts to the rope should also be 

investigated as it has demonstrated that this increases volume yield from devices 

(Opriessnig, et al., 2006; Wills et al., 1997).  The use of salt may be beneficial by increasing 

the concentration of antigen of antibody extracted from the cotton rope.  Further 

investigation into buffered salts and the possible contra implications to laboratory testing 

should be exercised to gain optimum sensitive of testing oral fluid samples.  

2.3.9. Sample size  

It is important that any herd-based diagnostic protocol is validated to ensure that 

the population sampled is representative of the shed/ herd.  There are currently no 

guidelines for pen-based oral fluid sampling.  It is vital that this information is 

available to allow producers to gain a representative sample of pigs within a pen, 

shed or herd.  

There has been some research indicating the number of pens required to be tested 

to produce a sample size representative of the herd. PRRSV and PCV2 required a 

sample from six pens in 1,100 head sheds at an interval of 2 weeks to detect 

pathogen circulation (J. R. Prickett, et al., 2008; Spronk, et al., 2011). 

The number of animals tested in each pen has varied between studies from 10 to30 

pigs (Costa, et al., 2012; J. R. Prickett, et al., 2008; Shah, et al., 2011).  Spronk (2011) 

mentions that to ensure a representative sample, pens should have less than 25 

pigs.  The suggested protocol proposed by Spronk also identifies the need for 

multiple ropes once the pen has more than 35 pigs.  These requirements need to be 

further researched and protocols formulated for each pen design and size.  

Without investigation on the adequate combination of the number of animals, 

ropes and required contact time to obtain a representative sample, the sensitivity 

of this method cannot be estimated. The risk of obtaining false-negative results is 

higher as detection sensitivity will reduce as the number of pigs exposed to the 
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rope reduces.  An objective of this project was to investigate if the pooled oral fluid 

samples collected from different pen types and group sizes can be representative of 

the individual health status of pigs within a pen. 

2.3.10.  Sample storage 

Due to the expected feed, dirt, and bacterial contaminants in the rope-collected 

samples, treatment and storage is important.  Adequate storage will reduce 

degradation of target RNA and/ or antibody components, and minimise 

multiplication of other microorganisms (J. Prickett et al., 2009) 

Anti-PRRSV antibody and virus detectable by PCR was found to be highly 

temperature-dependent. The use of antimicrobial treatments provided no 

improvements to the stability of the samples.  It was found that optimal detection 

is achieved when the samples are stored at <10oC over 12 days.  Therefore 

conventional freezing and refrigeration will preserve PRRSV and anti-PRRSV 

antibodies for later diagnosis (J.R. Prickett et al., 2010).  It appears that a typical 

cold chain serum method of storage and transportation is required to maintain 

integrity of the sample.  Investigation into the effects of high bacterial 

contaminants should be investigated.  More importantly, each disease-causing 

organism should be analysed for optimal detection after storage.  The following 

project aims to identify the potential impact of freezing (-20oC) or refrigerating 

(4oC) APP-spiked saliva samples on the detection of APP. 

2.3.11. Sample preparation  

Oral fluids may be contaminated during collection when pigs chew and rub on it 

producing variable results (J. Prickett, et al., 2009).  To remove the solid 

contaminants, filtration with seitz, coors porcelain, or sintered glass filters are not 

preferable as antibody concentrations are reduced.  In samples where antibody 

concentrations were already low they had the potential to disappear.  

Centrifugation was the preferable methods to remove debris (Wheatcroft, 1957)  

Post-centrifuging, it is recommended that the samples be decanted into clean tubes 

and cooled for storage and sending for testing to maintain sample integrity and 

stability (J. Prickett, et al., 2009).   
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2.3.12. Sample testing 

Oral fluid testing involves the collection of oral fluid for testing utilising modified 

techniques such as: isolation, PCR, or ELISA. These tests identify the pathogen itself, 

antigens, or antibodies produced by the host for identifiable diseases. 

2.3.12.1. Isolation  

Isolation is the most ineffective diagnostic test when using oral fluids.  As previously 

mentioned, isolation of APP or any other pathogen is difficult as there is a multitude 

of commensal flora which will heavily contaminate the sample (Fittipaldi, et al., 

2003; Straw, et al., 1999).  There is a noted higher sensitivity of disease detection 

using ELISAs, IFAT and PCR tests.  Foot and mouth disease was recovered up to 10 

days post-infection by virus isolation and up to 11 days with PCR detection (Eblé et 

al., 2004). 

2.3.12.2. ELISA  

ELISA testing of oral fluid is a technique that can be applied to the detection of 

disease.  The prevalence of PRRS and SIV have been successfully determined from 

the fluid collected from a rope placed in a pen.  The was a high correlation between 

serum and oral fluid samples, however the serum recorded a prevalence of 83% 

and oral fluid 67% (Dufresne, 2011).  The use of moderate-to-high sensitive ELISA 

tests should provide detection of diseases.  If the sensitivity of the test is low there 

is concern that there will be false negatives as the concentration of antibodies is 

considerably lower in oral fluids than that of serum (Cameron & Carman, 2005; J. 

Prickett, et al., 2009).  

 In some cases like the one previously mentioned (Vesicular stomatitis virus) when a 

systemic immune response is not produced due to the nature of the virus during 

early infection, serum ELISA would not be applicable (Stallknecht, et al., 1999).  

There have been exercises that have detected the presence of APP serotype 2 IgA 

antibodies in the mucosa. These antibodies from the mucosa did not correlate with 

the concentration in the blood serum, this was expected to be caused by a local 

immune response rather than a systemic response (Loftager, et al., 1993). These 
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indications suggest that ELISA testing would be adequate for the detection of APP in 

group saliva samples.  This is yet to be proven experimentally and in the field.    

2.3.12.3. PCR  

PCR detection is ideal as the procedure does not require the infecting organism to 

be live or in high concentrations, just DNA present.  This ideally will allow 

pathogens to be detected in sub-clinical cases of all diseases.  The diseases which 

colonise the respiratory tract are expected to produce optimal results from PCR 

testing, these diseases include PRRS, SIV, APP, and M. hyopneumoniae (Costa, et al., 

2012; Shah, et al., 2011). PRRSV, PCV2 and SIV are usually present in high enough 

concentrations in oral fluid to be easily detected using routine diagnostic testing, 

allowing for easy on-going testing and pathogen surveillance.  In contrast, as APP is 

considered a “slow coloniser”, there are likely to be few bacteria present in oral 

fluid samples (Shah, et al., 2011).  This may result in reduced sensitivity for 

detecting sub-clinical APP infections.  An objective of this current research project 

was to determine whether APP can be detected in oral fluids using commercially-

available PCR tests in Australia and to compare detection sensitivity with tonsillar 

swabs.   

PCR testing of oral fluids has been experimentally trialled successfully as a 

diagnostic tool for many endemic pig pathogens including; SIV, PCV2, PRRS, and 

APP (Costa, et al., 2012; Detmer, et al., 2010; Dufresne, 2011; J. R. Prickett, et al., 

2008).  PRRS and SIV were oral fluid group tested using PCR and compared to serum 

PCR results.  There was a high correlation between the two indicating a high 

sensitivity when using PCR detection (Dufresne, 2011). 

Interpreting the clinical significance of PCV2 testing in oral fluids is difficult as the 

pathogen is ubiquitous in most pig herds.  Recent attempts to improve oral fluid 

test interpretations have been to quantify the amount of PCV2 virus using real-time 

quantitative PCRs.  Currently there is research looking into the correlation of cycle 

time of quantitative PCR and concentration of the virus in the fluid.  It is assumed 

that a cycle time of lesser than 30 warrants further investigation (Dufresne, 2011; J. 

R. Prickett, et al., 2008).   
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PCR techniques may have to be refined to suit APP detection in oral fluids as 

commensal bacteria (e.g. Actinobacillus lingieressi) in the oral cavities may cross-

react with APP and alter results (Pohl, et al., 1983).  There are concerns regarding 

the presence of the bacteria in the oral cavity and fluid, if the pathogen is in the 

chronic stages the bacteria is colonised in the deep tonsillar crypts or in fibrinous 

tissue with in the lungs (Costa, et al., 2012; Straw, et al., 1999).  Costa (2012) has 

done experimental work on the detection of APP in oral fluids using PCR.  The 

research concluded that APP could be detected earlier than serological testing, but 

it is of low sensitivity.  

Laboratory PCR and ELISA testing of the oral fluid samples can already be 

performed readily in most laboratories, as this new technology is compatible with 

pre-existing serum tests and facilities.  To analyse oral fluids, current laboratory 

testing techniques will need to be modified to accommodate a lesser concentration 

of antibodies and antigen.  Salivary antibody detection in Brucella melitensis 

infections using the complement-fixation test was determined impractical due to 

the anti-complementary substances within the saliva (Wheatcroft, 1957).   

It has been noted that the ‘colonization dynamics and shedding of these 

microorganisms vary’ particularly between early and late colonisers, and this may 

affect the reliability of diagnostic tests (Costa, et al., 2012)  Current research efforts 

are aimed at enhancing assays and tests by searching for optimal sample dilution, 

incubation time, and the assay conjugate alteration to be able to discriminate a 

positive results from a negative result (Irwin, et al., 2011; J. Prickett, et al., 2009).   

2.4. Conclusion  

Current disease surveillance methods for APP require collection of tonsillar, nasal 

swabs, or serum samples from individual animals.  These methods require the time 

of skilled technicians or veterinarians on farm.  It also takes a significant amount of 

time and expenditure for serum-based testing at the laboratory and this may make 

the surveillance of herd health cost prohibitive (J. R. Prickett, et al., 2008).  
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Testing of oral fluids provides an opportunity to diagnose early and monitor APP 

status in a herd with reduced labour and cost.  The oral fluid collection from pigs 

within a pen allows for sampling of a larger proportion of the herd population than 

individual pigs.  The alternative currently being used to detect diseases such as APP 

relies on inspection of lungs during abattoir monitoring, tonsillar swabbing and 

serology of individual animals (Detmer, et al., 2010; Straw, et al., 1999).  These 

methods have low detection sensitivity if few samples are collected in a large herd.  

The collection methods are invasive and stressful to the animal, whilst being 

hazardous to the handler/s, unlike oral fluid collection. 

There appears to be a high positive correlation between individual test results and 

“pooled” sampled test results from oral fluid collection in with some infectious 

diseases including SIV and PRRSV (John Prickett et al., 2008; Shah, et al., 2011).  

However further developments to the collection and processing protocol are 

required before the assimilation of the technology to Australian pig farms and 

laboratories.  

As mentioned in the review, there is currently no set protocol exclaiming the 

maximum number of pigs per pen where the commercial rope is placed.  This 

information is required to ensure that all/ most of the pigs within the pen orally 

manipulate the rope to gain a true representative sample to monitor pathogen 

circulation.  There is no set validation information regarding the application and 

sensitivity of commercial PCR tests on the detection of grouped APP- infected pig 

saliva.  The ELISA and PCR assay protocols need to be validated and protocols 

developed for reliable testing; which take into account environmental 

contamination and the potential for grouped dilution of samples (Cameron & 

Carman, 2005).  Experimental inoculation of subject pigs has been trialled for many 

of the mentioned infections.  Many of those have been trialled in the field i.e. SIV, 

PCV2, and PRRS (Detmer, et al., 2010; J. R. Prickett, et al., 2008).  The next step to 

validating APP diagnosis from group oral fluid is to trial this technology in field 

studies.  
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Oral fluid testing in the future will allow one sample to successfully identify multiple 

diseases.  This technology has the potential to aid the pig industry in vaccination 

compliance, disease eradication, and increased biosecurity for naive herds.  Oral 

fluid testing is currently only being used by the “early adapters” in the US swine 

industry for PRRSV, SIV and PCV2 infection.  Adoption of this technology by the pig 

industry in Australia will aid in herd health monitoring thus allowing for a proactive 

response to endemic disease threat.  The early detection/prevention will reduce 

the need for expenditures on unnecessary medications and/or vaccinations.  It will 

also increase production by increasing feed conversion efficiency, weight gains, and 

reducing the number of carcases condemnations and mortalities.  The development 

of sensitive, specific tests for disease detection in oral fluid is the next step to 

improving the efficiency of this technology (Irwin, et al., 2011). 

2.4.1. Thesis overview  

Pooled oral fluid diagnostics would greatly assist in disease diagnosis for the pig 

industry. It has been proven that some diseases and vaccination protocols can be 

monitored within herds using the group oral fluid diagnostics, aiding in control, 

eradication, and vaccination compliance (Dufresne, 2011; Irwin, et al., 2011; 

Johnson, et al., 2011; A. Kittawornrat et al., 2010).  To the author’s knowledge, the 

pen size and number of animals, and time period the pigs are exposed to a single 

oral fluid collection rope have not been analysed.  An objective of the following 

project is to determine if the sample of pigs manipulating a single rope is 

representative in regards to time periods of exposure, number of pigs and pen size.  

APP-induced pleuropneumonia leads to high numbers of mortalities, partial or 

complete carcase condemnations and reduced weight gains.  The use of this novel 

diagnostic tool would enable monitoring of infected animals, whilst allowing for 

vaccination protocols to be established appropriately.  Another main objective of 

this study was to determine the sensitivity of the APP PCR when used to test 

grouped oral fluids.  The final objective was to identify whether sub-clinical cases of 

APP can be detected in a herd case study.      
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3. MATERIALS AND METHODS 

3.1 Experiment 1: Behavioural assessment 

3.1.1. Animals  

This study was undertaken on two separate large scale pig farms in Victoria. All pigs 

were group housed in single-sex pens with a 50:50 ratio of male to female pigs used 

for the study. Pigs included in the study were 11 weeks of age, given APP disease 

and bacteria shedding commonly occurs among pigs of this age, due to a decline in 

maternally-derived antibodies (Marsteller & Fenwick, 1999).  

3.1.2. Housing  

Three different housing types were used in this experiment (small, medium and 

large pens). Small pens were concrete-based (half slatted, half solid concrete and 

housed 11 pigs (stocking density 0.81 m2/pig). These pens were within a naturally-

ventilated shed with thermostatically-controlled blinds. Pigs had access to 3 

drinkers and 4 feeder spaces and were fed ad libitum wet/dry feed.  Medium-sized 

pens housed 54 pigs per pen (stocking density 0.74 m2/pig) with 6 drinkers and 8 

feeder spaces per pen. These pens were of similar flooring to the small pens and 

were housed in similar naturally-ventilated sheds. The large pen treatment group 

consisted of pigs housed on bedding in an “eco-shelter” (Image 2) with 360 pigs per 

shelter (stocking density 1.13m2/pig). The pen was naturally ventilated with 40 

drinkers and 40 feeder spaces located down the centre line, partially separating the 

pen. These pigs were fed ad libitum wet-dry feed.  Fourteen bales of hay were 

located throughout the pen for later distribution.  
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Image 2: Typical ecoshelter layout with hay bales distributed throughout. 

3.1.3. Sample Size  

 

The number of pigs and pens required to investigate the proportion of pigs 

manipulating the rope within the three different types of pens was calculated using 

the sample-size formula (Eq 1) to estimate proportions for an infinite population 

(Dohoo IR, 2009) and then adjusted for a finite population (Eq 2). 
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Where n is the sample size estimate; Zα is the z-value required for a confidence = 1-

α; p is the estimated proportion based on prior knowledge; q is (1-p); L is the 

precision of the estimate (“allowable error”); N is the population size; and, n(adj) is 

the adjusted sample size for a finite population. Parameters used for the 

calculations in this study and required sample sizes are presented in Table 3,  
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Table 3: Parameters used to determine the required number of pigs and pens to 

estimate the proportion of pigs manipulating the rope in Experiment 1   

Pen size 

Parameters to calculate sample size Number 

of pigs 

required 

(n) 

Number of 

pens 

required 
Confidence 

interval 
L N p* 

11  0.95 0.05 462 0.8 161 14.6 

54  0.95 0.05 864 0.6 259 4.8 

360 0.95 0.05 Infinite 0.5 384 1.3 

*    Figures of proportion expected to interact with the rope were estimated. 

Population size (N) = Total number of pigs in the farm housed in each type of pen 

Number of pens = n / pen size  

 

3.1.4. Behavioural assessment protocol 

 A cotton rope from the TEGOTM Swine Oral Fluid Collection Kit was hung in each 

pen as per the kit instructions (at shoulder height, from the side of the pen) (Image 

3).  Pigs were monitored during two observation periods (0-15 minutes and 15-30 

minutes) and any pig observed to be orally-manipulating the rope was identified 

with a stock marker or with food-grade dye in long-range spray bottles.  Two 

different coloured markers were used to identify those pigs that touched the rope 

in the first 15 minutes, and those which touched it in the 15-30 minute interval.  

Pigs that manipulated the rope more than once were identified and recorded. 
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Image.3: Example of a rope in a pen of pigs. 

3.1.5. Additional notes 

The conditions of the pigs (lameness, depression, or poor condition) not attempting 

to interact with the rope were recorded where possible.   

3.1.6. Statistical analysis 

Data were entered into Microsoft Excel (Microsoft, PC/ Windows ZP, 2010, 

Redmond, WA, USA) and checked for data entry errors.  Descriptive statistics were 

performed using S+ statistical software for Windows (© 2005-2011 Solution Metrics 

Pty Ltd, Sydney, Australia) and statistical analyses were conducted using GenStat 

software (© 2000-2012 VSN International Ltd, Hemel Hempstead, UK). 

The proportion of pigs within a pen touching the rope was the outcome variable of 

this study. The explanatory variables considered were the pen size (11, 54 and 360 

pigs/pen) and the time period the rope was placed in the pen (0 to 15 minutes and 

0 to 30 minutes). Moreover, the impact of the pen size on the proportion of pigs 

touching the rope in two occasions was also investigated using univariable logistic 

regression analysis. 
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Associations between the outcome variables and the explanatory variables were 

investigated using univariable and multivariable logistic regression analysis. 

Variables significantly associated with the outcome at P < 0.2 in the univariable 

analysis, were incorporated into the multivariable model. Backward variable 

selection was used and significant variables with a P < 0.05 in the multivariable 

model were retained in the final model. Interactions of explanatory variables were 

also considered and kept if the model if significant (P < 0.05). In addition, the pen 

number was incorporated in the model as a random factor to account for potential 

clustering within pens.   

 

3.2. Experiment 2: Sensitivity of conventional PCR on APP in saliva   

Laboratory sites: Bioproperties, RMIT University, Melbourne, Victoria and Pig 

Health and Research unit (PHRU), Victorian Department of Primary Industries, 

Bendigo, Victoria 

Oral fluid was collected from 24 (these pigs only where present in animal house 

facility located at the PHRU, Bendigo) known APP-free pigs using TEGOTM oral fluid 

collection kit as per instructions (see Appendix 1) (Image 4) (TEGO™ Swine Oral 

Fluid Kit 2011). Prior to laboratory processes, the oral fluid samples were frozen at -

20oC.  Freeze-dried APPAlive™ vaccine (Australian Pork CRC, Pig Health & Research 

unit, Bendigo) (6.25 x 109 CFU/ Vial) was reconstituted with 5 mL of diluent (1.25 x 

109CFU/mL). The inoculum then underwent tenfold serial dilution.  This dilution was 

suspended in saliva, and as a control diluent.  One hundred microlitres of the 

template was serially diluted into 900 µl of the fluids.  
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Image 4: Oral fluid collected using the TEGOTM Swine oral fluid collection kit. 

3.2.1. PCR 

A conventional PCR method was utilised to amplify a sequence located on the OmlA 

gene specific to all A. pleuroneumoniae. PCR was performed using two primers 

described previously by Gram and Ahrens (1998).The PCR was performed in 50 µl  

well with 1 µl  of each primer, and deoxynucleotide-triphosphates, 5 µl  of MgCl2, 

0.5 µl  of probe Taq polymerase, and 10 µl  of 5x PCR buffer.  To determine if there 

were any inhibitory effects from the saliva and/ or the APPAlive™ vaccine on the 

PCR; the quantity of the template sample added to the wells was repeated with 6 

µl, 3 µl and 1 µl PCR into solutions.  The 6 µl of the serially-diluted template were 

added to the wells and filled with 25.5 µl of nuclease-free (NF) water.  The wells 

with 3 µl of serially-diluted template had 28.5 µl of NF water added.  Finally the 1 µl 

serial dilution templates had 30.5 µl of NF water added.  This was repeated for both 

the samples serially diluted with oral fluid and diluent.  A negative control was 
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included in all runs to confirm that there were no APP contaminants in the PCR 

reagents. 

A Bio-Rad express PCR machine (Bio-RadTM, Hercules, CA) was utilised for PCR 

analysis.  The program consisted of an initial denaturation 5 minutes at 94oC, 

followed by 35 cycles of denaturation for 30 seconds at 94oC, annealing for 30 

seconds at 53oC, and extension for 2 minutes at 72oC.  The final stage of PCR 

included the single cycle termination for 10 minutes at 72oC, and soaking at 4oC.  

3.2.2. Dilution of spiked saliva sample with diluent  

After performing the above procedures and detecting APP at 10-4 dilution in saliva, 

a realistic laboratory approach was utilised to find the actual sensitivity by diluting 

saliva DNA template with a concentration of 1.25x105CFU/ml in diluent.  The 

template was diluted tenfold three times to give a range of 10-4- 10-6 Colony 

forming units (CFU) 3µl  of template was added to the PCR wells and followed the 

PCR process described above.   

3.2.3. Storage at 4oC and -20oC on DNA destruction 

The serially diluted aliquots of template in both saliva and diluents were stored at 

4oC and -20oC for 12 hours. The PCR was performed on the dilutions using 3 µl of 

template as previously described.  

3.2.4. Gel electrophoresis  

Gel electrophoresis was used to detect the positive results by separating the 

amplified 950bp sequence of APP DNA.  The 950bp was identified using the 1kb 

DNA ladder marker.  3µl of blue/ orange loading dye was added to 15µl of each of 

the PCR products before introducing to the gel wells. The gel used was composed of 

Tris-acetate-EDTA buffer, Gel red, and 1.5% Agarose. Images of the results were 

developed in the Bio-Rad UV CCD Camera (Bio-RadTM, Molecular Imager® Gel DocTM 

XR System, Hercules, CA). 
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3.3. Experiment 3: Comparison of tonsil swabs and oral fluid 

collections for APP detection 

3.3.1. Sub-clinical Study  

3.3.1.1. Animals  

Twenty five pigs aged 16 weeks were selected randomly from two pens on a large 

scale grower to finisher farm known to have APP serotypes 1 and 7.  At the time of 

testing clinical signs of the disease were absent. Ten of the 25 pigs were randomly 

selected from the hospital pen of compromised pigs (Animals 1-10); the other 

fifteen (Animals 11-25) pigs were selected from another pen located in the same 

shed.  

3.3.1.2. Sample collection procedure 

Initially the twenty five pigs were each restrained while tonsil and oral fluid swabs 

were collected.  A TEGOTM saliva collection rope was hung to collect a group saliva 

sample as per product instructions in the two pens where individual pigs were 

housed to find if they could detect APP.  Blood samples were collected from each 

pig for serological confirmation of APP using ELISA.  Animals were restrained using a 

snare on the top of the jaw and the lower jaw to anchor the mouth in an open 

position for oral and tonsil swabbing.  For the blood sample collection the lower 

snare was removed.  

Sterile Salivette® tubes (© 2003-2012 SARSTEDT AG & Co, Nümbrecht 

Germany) with citric acid were used to collect an oral fluid sample from each animal 

using forceps.  Each of the individual pigs was also tonsil swabbed using a sterile 

Eurotubo® collection swab.  Blood samples were collected using BD Vacutainer® (© 

2012 BD, NJ, USA) vacuumed blood collection tubes. The three samples were 

labelled and tested using the previously described PCR method with the following 

amendments. 
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3.3.1.3. Laboratory sample preparations 

The tonsil swab sticks were cut and added to a sterile tube with 1,200 µl of diluent.  

The samples were vortexed for 20 seconds to resuspend and ensure homogeneity 

of the sample. The sample was then centrifuged for 5 minutes at 13000 g.  The 

pellet was then resuspended via pipetting up and down 10 µl of nuclease-free 

water.  Saliva samples in the Salivette® tubes were centrifuged on 2500 rpm for 25 

minutes to release the saliva from the collection swab into the well at the bottom.  

The blood samples were allowed to settle at room temperature for 6 hours.  The 

blood samples were then centrifuged for 10 minutes on 2000 rpm.  The sera were 

siphoned off into 1 mL sample tubes.  All samples were held at 4oc prior to 

laboratory testing. 

3.3.1.4. Saliva and tonsil swab PCR 

The previously described conventional PCR method was utilised with a couple of 

amendments.  The PCR was performed in 50 µl  well with 1 µl  of each primer, and 

deoxynucleotide-triphosphates, 5 µl  of MgCl2, 0.5 µl  of probe Taq polymerase, and 

10 µl  of  5x PCR Buffer.  The 10µl of template (saliva/ tonsil sample in nuclease 

water) was added to the wells and filled with 21.5 µl of NF water.  There was a 

negative control included in the run containing just master mix.  The positive 

control was the diluent reconstituted APPAlive™ vaccine with 1 µl and 49 µl of 

master mix was added and another with 2 µl of vaccine with 48 µl of the master 

mix.  

Thermal cycling parameters were identical to that used for the previous PCR tests.  

The same Biorad express PCR machine was utilised for PCR analysis.  The program 

consisted of an initial denaturation 5 minutes at 94oC, followed by 35 cycles of 

denaturation for 30 seconds at 94oC, annealing for 30 seconds at 53oC, and 

extension for 2 minutes at 72oC.  The final stage of PCR included the single cycle 

termination for 10 minutes at 72oC, and soaking at 4oC.  
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3.3.1.5. Gel electrophoresis  

Gel electrophoresis was used to detect the positive results by separating the 

amplified 950bp sequence of APP DNA.  The 950bp was identified using the 1kb 

DNA ladder marker.  3 µl of blue/ orange loading dye was added to 15 µl of each of 

the PCR products before introducing to the gel wells.  The gel used was composed 

of Tris-acetate-EDTA buffer, Gel red, and 1.5% agarose. Images of the results were 

developed in the UV CCD camera (Bio-RadTM, Molecular Imager® Gel DocTM XR 

System, Hercules, CA). 

3.3.1.6. Blood Serum ELISA 

Sera were processed to detect APP antibodies using the ID Vet Innovative 

Diagnostics procedure APP Indirect ELISA (ID Screen® Montpellier, France).  This 

ELISA detects antibodies to APP serotypes 1 to 12.  All reagents were brought to 

room temperature before use.  In an ELISA microplate, 100 µl of the negative 

control and 100 µl of positive control were added to four wells.  250 µl of dilution 

buffer x2 and 5 µl of each sample were added to the remaining wells.  The 

microplate was then incubated at 21oC for 30 minutes.  The wells were emptied, 

and each well washed three times with 300 µl of wash solution (20X). The conjugate 

solution was made up of concentrated conjugate and wash solution (1X) (1:10).  

One hundred microlitres of the conjugate solution was then added to each well.  

The samples were incubated a second time at 21oC for another 30 minutes.  The 

wells were emptied and washed again three times with 300 µl of wash solution.  

One hundred microlitres of the substrate solution was added to each well and 

incubated for 15 minutes at 21oC in the dark.  One hundred microlitres of stop 

solution (H2SO4O (5M) was added to each well to stop the reaction.  A 

spectrophotometer at 450 nm provided the optical density to read each of the 

samples. 

3.3.2. Clinical study  

Following the initial sub-clinical testing on the grower-to-finisher facility, a clinical 

outbreak of APP occurred weeks after the first testing.  Post mortems were carried 

out on two pigs that had died from suspected pleuropneumonia and lung swab 
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samples collected for culture.  After culturing of the lung swabs, they were tested 

by PCR to identify APP as the cause of disease within the herd.  Tonsil samples were 

also collected from the same two animals.  The samples were homogenized in 

diluent and tested using PCR.  The pens from which the dead pigs were derived 

were exposed to the TEGOTM cotton rope for saliva collection as per the 

manufacturer’s instructions.  All PCR methods were identical to those previously 

described in methods 3.2.1. 
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4. RESULTS  

4.1. Experiment 1:  Behavioural assessment  

Table 4 shows the descriptive statistics of the 28 pens of pigs included in this study.  

The percent of pigs interacting with the rope in the small pen averaged 93.3 % 

(10.26 pigs) within 15 minutes.  Leaving the rope in for the 30 mins increased the 

proportion by 5.5% to 98.8% (10.87).  In the pen with 54 pigs, the percent of pigs 

which orally-manipulated the rope decreased to 42.6% (23 pigs)  in the 15 minute 

time interval; the extra 15 minutes increased the proportion to 59.3% (32 pigs).  

Finally, in the ecoshelter with 360 pigs, the proportion of pigs touching the rope 

was 23.2% (83.5 pigs) in the 15 minutes and increased to 35.3% (127.1 pigs) in the 

final 15 minutes. 

Table 4: Descriptive statistics of the proportion of pigs which orally manipulate the 

rope (%) in each of the three housing types, within the 15 and 30 time intervals. 

Pen Type  n 0-15min  

 

 0-30min   

  Median (P5- P95) 

 

Mean ± 

S.D. 

Median (P5-P95)  

 

Mean ± 

S.D. 

11/pen  

Concrete 

based  

15 91.0 (90.9- 100.0) 93.3 ±  6.4 100.0 (90.9-

100.0)                                           

98.8 ± 3.2                                              

54/pen 

Concrete 

based 

8 42.6 (37.0-50.0) 42.8 ± 5.0 22.5 (15.0-25.0) 59.3 ± 3.3                       

360/pen 

Ecoshelter 

5 22.5 (18.1-29.2) 23.2 ± 5.2 31.9 (27.9-44.4)                       35.3 ± 7.3                                               

P5 -P95 represents 5 and 95% percentiles of the distribution. 

 

Pen size and time period were significantly (P <0.001) associated with the 

proportion of pigs manipulating the rope in the univariable as well as multivariable 

analysis (Table 5) The interaction between these two explanatory variables was not 

significant and subsequently not included in the model.  
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The proportions of pigs manipulating the rope in pens with 54 (Odds Ratio (OR) 

0.04; 95% Confidence Interval (CI) 0.03 – 0.07) and 360 (OR 0.02; 0.01 – 0.03) pigs 

were lower than that proportion in pens with 11 pigs. Regarding time period, the 

proportion of pigs touching the rope for a period of 30 minutes was higher (OR 

1.90; 1.7-2.1) than that proportion for the first 15 minutes.  

The multivariable logistical regression model also suggests a significant random 

effect of individual pens, indicating potential clustering within pens. This may have 

been caused by temporary or permanent environmental factors which should be 

further investigated.   

 

Table 5: Results of a multivariable logistical regression analysis investigating the 

proportion of pigs orally manipulating the fluid collection rope according to pen size 

and time (based on 29 pens tested).  

         

Explanatory 
variables Categories 

Observed 
% B se OR 95% CI  P 

Pen size 11 (ref) 98.8 0 - 1 -  <0.001 

 54 59.3 -3.2 0.24 0.041 0.03 0.07  

 360 35.3 -4.145 0.25 0.016 0.010 0.03  

Time 
period* 1 (ref) 53.1 0 - 1 -  <0.001 

 2 64.5 0.64 0.05 1.90 1.72 2.09  

* Time period 1: 0-15, and 2: 0-30 

 

Table 6 shows the proportion of pigs manipulating the ropes in two occasions 

according to the pen size and Table 7 the results of the univariable logistic 

regression analysis. The proportion of pigs touching the rope twice in the smallest 

pens (11 pigs/pen) (89.7%) was higher (P < 0.001) than this proportion in the other 

two pen sizes.  In pens of 54 and 360 this proportion was reduced to 27.8% and 

8.9% respectively.  
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Table 6: Descriptive statistics of the proportion of pigs which orally manipulate the 

rope twice in each of the three housing types. 

Pen Type  n % of pigs which manipulated the rope twice 

  Median (P5- P95) 

 

Mean ± S.D. 

11/pen  

Concrete based  

15 90.9 (54.5- 100.0) 89.7 ±  11.8 

54/pen 

Concrete based 

8 27.8  (18.5--38.9) 27.8 ± 6.2 

360/pen 

Ecoshelter 

5 8.3 (5.8-13.6) 8.9 ± 3.3 

P5-P95 represents 5 and 95% percentiles. 

Table 7: Results of a univariable logistic regression analysis of pen size affecting the 

proportion of pigs touching the rope twice.  

         

Explanator
y variables Categories 

Observed 
% B se OR 95% CI   P 

Pen size 11 (ref) 89.7 0  1    <0.001 

 54 27.8 -5.12 1.12 0.04 0.03 0.07  

  360  8.9 -6.52 1.32 0.02 0.01 0.03   

 

Behavioural observations of those pigs not touching the rope were recorded to give 

an indication of their physiological status.  The few pigs that did not interact with 

the rope in the small pens were commonly the smaller animals in poor condition, 

showing signs of lameness and hairiness; which is commonly associated with 

disease in a pig. These smaller pigs would commonly approach the rope later, after 

the other larger pigs moved away from the rope. There was a large portion of pigs 

that did not interact with the rope in the larger pens. Visualisation of the rope by 

pigs in the larger pens was obstructed by the hay bales and the centrally-located 
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feeders/ drinkers.  In addition, the rope became crowded with pigs limiting the 

access by other animals within the pen.  

4.2. Experiment 2: Sensitivity of conventional PCR on APP spiked 

oral fluid  

The PCR for detection of APP in 6 µl saliva samples produced positive results 

detecting down to 1.25x106 CFU/ml.  The sensitivity of the PCR was however 

increased when the APP was diluted with diluent detecting down to 

1.25x103CFU/ml (See Appendix 2: Table 1).  This indicates that there is some 

inhibition from the vaccine itself or the oral fluid.  To overcome the inhibition, the 

vaccine template in either saliva was added at lesser volumes of 3 µl and 1 µl, doing 

this increased the sensitivity of the PCR from 1.25x105CFU/ml to 1.25x104 CFU/ml 

consecutively (See Appendix 2: Table 4 and 7). 

Using the lowest detectable APP concentration of 1.25x104 CFU/ml from 3 µl of 

template in saliva (stored at 4oC) and serially diluting tenfold to 1.25x102 CFU/ml in 

diluent is reflective of the likely procedure which would be used in practice.  The 

analytical sensitivity for this reaction at 3 µl was 1.25x102 CFU/ml.  Diluting the APP 

saliva template in the diluent resulted in a more sensitive detection to 

1.25x102CFU/ml (Table 8 and Appendix 2: Table 9).  

Table 8: Sensitivity of the PCR test at detecting APP in 3 µl of saliva diluted in 

diluent. 

Dilution  No. replicates APP concentration 

(CFU/ml) 

Detection  

 

 APP10-4 (Neat)  2 1.26x105 + 

APP10-5 2 1.26x104 + 

APP10-6 2 1.26x103 + 

Negative control 1 - - 
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The PCR image (Figure 4.2.) of the 6 µl  in diluent showed faint bands for the neat 

and gets darker though out the dilutions until they fade again due to reduce APP 

concentration. The initial fading is associated with PCR inhibition from the 

APPAlive™ vaccine constituents itself. 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Image 5: PCR gel of 6µl template spiked 

diluent. 

 

 

 

 

 

 

 

 

 

 

Table9. 6µl diluent template gel well 

contents. 

PCR Gel Lane  APP Concentration 

1 1kb DNA Ladder 

2 

3 

APP Neat 

4 

5 

APP10-2 

6 

7 

APP10-4 

8 

9 

APP10-6 

10 

11 

APP10-8 

12 1kb DNA Ladder 
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4.2.1. Storage at 4oC and -20oC on DNA degrading 

The PCR tests following storage of samples at 4oC and -20oC confirmed that the refrigeration 

temperature of the sample does not impact on the degradation rate of the DNA sample 

within saliva.  The results prior to and after the refrigeration and freezing of the samples did 

not affect the sensitivity of the PCR detecting down to 1.25x106 CFU/ml (see Table 10). The -

20oC sample in diluent only detected up until the 1.25x104 CFU/ ml whereas the 4oC 

detected 1.26x103 CFU/ml (see Appendix 2: Tables 10 & 11). 
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Table 10: Sensitivity of the PCR test at detecting APP in 3 µl of template in saliva or diluent stored at 4oC or -20oC overnight.  

Dilution  APP concentration 

(CFU/ml) 

Saliva    Diluent 

 

 

 

  4
o
C -20

o
C  4

o
C 

 

-20
o
C 

APP Neat  1.26x109 + +  + + 

APP10-1 1.26x108 + +  + + 

APP10-2 1.26x107 + +  + + 

APP10-3 1.26x106 + +  + + 

APP10-4 1.26x105 - -  + + 

APP10-5 1.26x104 - -  + + 

APP10-6 1.26x103 - -  + - 

APP10-7 1.26x102 - -  - - 

APP10-8 1.26x101 - -  - - 

Negative control  - -  - - 
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4.3. Experiment 3: Comparison of Tonsil swabs and oral fluid collections for 

APP detection 

4.3.1. Sub-clinical Study 

The ELISA testing of the serum samples revealed that only 1 of the 25 pigs sampled (4%) was 

positive for APP antibodies.  That individual was housed in the hospital pen (see Appendix 3: 

Table 1).  Only one positive animal (Pig 15, housed in a non-hospital pen) gave a positive 

PCR result from testing of oral fluids.  All tonsil swabs were test-negative (see Appendix 3: 

Table 2-5).   

4.3.2. Clinical Study  

APP bacteria were isolated from both of the two pigs’ lungs following the clinical outbreak 

of disease in the period post-individual sampling.  The tonsil samples both returned negative 

results after the homogenisation in diluent.  The group saliva samples collected from the 

pen housing culture-positive pigs were also PCR-negative (see Appendix 3: Table 6).  
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5. DISCUSSION AND CONCLUSIONS  

The broad aim of this study was to identify the usefulness of testing pooled oral fluid as 

a diagnostic tool within Australian pig herds.  The focus of the investigation was whether the 

pooled oral fluid testing would be applicable for the detection of APP in a pen/ herd 

situation.  The results of the potential use of this novel technology are discussed and 

evaluated below. 

5.1. Behavioural assessment 

The oral fluid collection is novel in its ability to collect a pooled sample/s from the pen or 

herd.  A sample is collected to gain information about the entire population of interest.  In 

any investigation using this technique ‘sampling error’ is assumed as the entire population 

isn’t accounted for (Petrie & Watson, 1999).  In the case of using oral fluids to determine the 

herd health status, animals will be either infected or not infected, and in a group there is 

likely to be a combination of both.  Those animals which are infected and have disease are 

less likely to approach the rope due to symptoms of illness including depression, and 

suppressed appetite (Escobar, Van Alstine, Baker, & Johnson, 2007; Hart, 1988).  This was 

evident in the anecdotal notes taken in Experiment 1, in which it was noted that the pigs 

lacking desire to approach the rope were in poor condition.  Therefore the sample collected 

on the rope may only represent those willing and healthy pigs, resulting in false negative 

results from the collection.  

Both the number of pigs within a pen and the duration of time that the rope was in the pen 

significantly influenced the proportion of pigs that orally-manipulated the rope.  In those 

pens with fewer animals and when the 30-minute period of time was used significantly 

higher proportions of pigs were reported contacting the rope.  To ensure a representative 

proportion of pigs manipulating the rope, group sizes in pens should be small, or time 

period during which the rope is made available is extended.  These findings are in 

agreement with others (Costa, et al., 2012; J. R. Prickett, et al., 2008; Shah, et al., 2011), 

with a general recommendation of 1 rope per 10- 30 pigs. Spronk  (2011) advises that group 

sizes of less than 25 pigs is optimal for ensuring a representative sample is gained. 



66 

 

One of the disadvantages of using longer period of time for saliva collection is an increased 

risk of cross-contamination among animals and the environment.  This cross-contamination 

with environmental bacteria may have an inhibitory effect on laboratory testing, or may 

reduce the viability of the bacteria in the sample prior to testing. In addition, direct contact 

between pigs when animals manipulate the rope, increased the likelihood of spread of 

those pathogens found in oral fluids (e.g. SIV, PRRS and APP) (Costa, et al., 2012; Costa, et 

al., 2011; Detmer, et al., 2010; Dufresne, 2011; Lee, 2012). Aerosol pathogen transmission is 

suggested to not be not significantly affected by this increase direct contact while 

manipulating the rope (Bäckström & Bremer, 1978; Straw, et al., 1999). It was observed that 

the longer the rope was left in the pen (particularly in the smaller pens), the likelihood of 

the same pig manipulating the rope multiple times increased. Repeated rope manipulations 

by individual pigs, although might increase the quantity of oral fluid collected, may impact 

on the sampling strategy, in that some pigs will be over-represented.  

Housing design (stocking density, floor type, pen design, presence of obstructions within the 

pen) are all likely to impact on how pigs interact with the rope. Pigs are naturally 

exploratory and inquisitive animals and will commonly approach novel objects in intensive 

housing environments (Joo, Donaldson-Wood, & Johnson, 1976; Studnitz, Jensen, & 

Pedersen, 2007; D. Wood-Gush & Vestergaard, 1989, 1991; D. G. Wood-Gush & 

Vestergaard, 1993). The eco-shelter was large and included a number of objects, some used 

as enrichment (feeders, drinkers, straw bales).  The pigs’ ability to visualise the rope was 

further reduced by the degree of commotion by other pigs around the rope area.  All factors 

would affect the pigs’ likelihood to approach and manipulate the rope.  

Previous research indicates that when pigs are housed in enriched environments they are 

less likely to explore the pen than when housed in barren environments, as they are 

satisfied with exploring the bedding substrate and other object within the pen. In contrast, 

it has been suggested that the exploration of the pen in barren pens redirects their 

explorative behaviour to pen mates (Petersen, Simonsen, & Lawson, 1995), indicating that 

animals in this type of pens might be more attracted to newly introduced objects. In a 

previous study De Jong (1998) found that when the rope was hung in the concrete-based 

pens, more pigs were immediately attracted to the rope compared to the large straw based 

eco-shelter .  Stolba (1980), performed a similar experiment to that reported here and 
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concluded that ‘The barer the environment, the more strongly the group reacted towards 

the stimulus’(Petersen, et al., 1995; Stolba & Wood-Gush, 1980).  The opportunity for those 

pigs to express natural manipulative behaviours in those enriched pens such as the eco-

shelter may have reduced the interest/ motivation to approach the rope.  Another study 

confirmed that those pigs raised in enriched environments showed significantly higher 

avoidance and latency to approach novel objects when compared to those in poor 

environments (Olsson, De Jonge, Schuurman, & Helmond, 1999).  Ideally, all these studies 

suggest that, to enhance representativeness of the sample collected, the rope should be 

used in environments that are barren. The current movement of Australian piggeries is 

towards group housing and eco-shelters for improved management and welfare of animals, 

and this may hinder the use of this technology.  

During the study it was anecdotally noted that those larger, more dominant pigs 

approached the rope first and were inclined to remain for extended periods of time 

reducing the space available for those, less dominant animals.  Pigs become more 

subordinate when health or growth is compromised, indicative of disease.  Olsson (1999) 

found that those animals reared in poorly enriched environments were also more likely to 

develop social stress.  Subordinate animals reared in poor conditions showed higher levels 

of cortisol levels than those enriched or dominate counterparts.  In addition to this, Olsson 

found that social hierarchy relationships were rapidly established in pigs reared in enriched 

environments and not in poor conditions due to their lack of social skills.  This results in the 

subordinate animals’ inability to terminate aggression directed towards them (Olsson, et al., 

1999).  This would reduce the likelihood of these subordinate animals approaching the rope.  

The less dominant animals had increased odds of approaching the rope when the time was 

extended from 15 to 30 minutes.  If PCR testing is the diagnostic test being performed on 

the fluids collected extending the time of sample collection may increase the proportion of 

pigs contacting the rope.  PCR testing does not rely on immediate cool storage unlike ELISA’s 

as DNA degrades at a slower rate.  The rope however needs to be monitored as the chewing 

is aggressive and could be destroyed by the pig before sample is collected.  

The only way the pigs could be identified in this study as touching the rope was with the use 

of a spray marker.  Application of the marker may in itself have affected the behaviour of 

the pigs.  The pigs in the experiment would typically approach the rope, be sprayed, and 



68 

 

hesitate to stay at the rope, or walk away.  Due to the pigs shying away from the spray it 

could be possible that an even greater proportion of the pigs would have the opportunity to 

chew the rope if it was left unattended.  

Ideally to gain a representative sample using one rope the pens should be small, have fewer 

animals, with little obstructions. This study concludes that pens of 11 ensured that most of 

the pigs within the pen interacted with the rope, unlike the larger pens of 54, and 360.  The 

eco-shelters which are popular in Australian farming practices may be less suitable for oral 

fluid collection using a single rope.  Spronk (2011) recommended the use of multiple ropes 

in each pen for oral fluid collection could be used to increase the odds of gaining a 

representative sample. This study also indicates that multiple ropes should be used in pens 

with a population greater than 11.  Further research is required to formulate a single and 

multiple rope protocol suitable for the TEGOTM oral fluid collection products prior to 

commercial use.  

5.2. Sensitivity of conventional PCR on APP in Saliva. 

The ability of a conventional PCR to detect APP in oral fluid samples was successful.  The 

sensitivity of the PCR increased ten-fold when the vaccine was diluted with diluent, rather 

than saliva.  This indicated that there was some inhibitory effect from the saliva which 

affected the PCR sensitivity.  The PCR results of this study have shown that APP can be 

detected down to a concentration of 1.26x103 CFU/ml when homogenised with diluent and 

only 1.26x104 CFU/ml in saliva.  

Gram and Ahrens (1998) who developed the OmlA PCR, found that the analytical sensitivity 

when amplifying pure cultured bacteria in sterilised water was 2x104 CFU/ml.  The higher 

sensitivity gained with the diluent in this experiment may be explained by the altered time 

and number of cycles in the thermo-cycling parameters to increase the sensitivity of the 

PCR.  The saliva produced a less sensitive result using the same PCR.  Therefore it is 

conclusive that the salivary constituents had an impact on the PCR assay, which reduced the 

analytical sensitivity of the test tenfold.   

Diluting the APPAliveTM in test samples decreased the inhibitory effect of saliva on the PCR. 

Therefore it is recommended that minimal quantities of the saliva constituents enter the 
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PCR wells with the APP template.  Alternatives for this include purification columns, sieves, 

or spinning down and removing most of the supernatant and replacing with diluent or 

sterile water.  Column purification is a time consuming costly procedure but will increase 

the sensitivity of the PCR.  The alternative, which is both practical and quick, is to pelletise 

the oral fluid sample and resuspend in diluent or sterile water, this was performed on the 

saliva to remove solid debris (Wheatcroft, 1957).  

Ideally this study should have been performed on cultured APP in diluent, however the 

APPAlive© vaccine was available and provided exact concentrations of APP bacteria within 

the each vial.  Unfortunately at high concentrations, it would appear that other constituents 

within the vaccine inhibited the PCR in high concentrations.  

Environmental contamination, particularly environmental bacteria, collected on the cotton 

ropes along with the oral fluid itself needs to be extensively researched as contaminants 

vary across farms and may affect the results of laboratory testing differently.  The results 

from this study indicate that saliva has some inhibitory effect on the PCR  

5.2.1. Oral fluid storage at 4oC and -20oC on APP DNA   

The present study investigated the APP stability in oral fluids at 4oC and -20oC over 12 hours, 

without the use of preservatives.  The results of this experiment suggest that saliva will 

degrade at the same rate whether the sample is stored in 4oC or -20oC.  The freezing and 

thawing of the diluent sample was destructive to the DNA, but degradation at 4oC wasn’t as 

severe.  The results indicate that saliva will degrade the quality of the sample when 

compared to diluent.  This may be caused by the environmental contaminants within the 

sample.  Similar findings were made by Prickett et al (2010) when PRRSV antibodies and 

virus where found to be temperature dependent.  Storage of samples at <10oC over 12 days 

seems to be universal for most samples, including APP stored in oral fluid.  

On farm there is always access to refrigeration as there are often medications and/ or 

semen stores.  Refrigeration is also preferable as maintaining below freezing temperature 

during transport to the laboratory may not be available or reliable.  If the samples were to 

undergo freeze-thaw cycles the DNA viability of sample would be compromised (Alur & 

Grecz, 1975; Bellete, Flori, Hafid, Raberin, & Tran Manh Sung, 2003; Lahiri & Schnabel, 
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1993).  Freezing samples is required if they need to be stored over long periods of time due 

to collection procedures or laboratory availability.  Refrigeration slows the rate of DNA 

degradation and other bacterial growth but over time the degeneration can have a 

significant effect (Bellete, et al., 2003; Pig vaccine breakthough a world first, 2009; 

Zwietering, De Koos, Hasenack, De Witt, & Van't Riet, 1991).  

5.3. APP presence in oral fluid 

The study investigated the nature of APP bacteria and whether the pathogen itself can be 

successfully detected using PCR laboratory testing of oral fluid.  For the pooled oral fluid PCR 

to be sensitive in detecting APP in pigs in a pen, the pathogen must be present in oral fluids.  

Tonsils, lung lesions, and nasal cavities are thought to be common sites for APP harbouring 

(Marsteller & Fenwick, 1999). Sidibe et al. (1993) isolated APP bacteria from the upper 

respiratory tract in both the tonsil samples and nasal swabs.  The study concluded that 

different serotypes are site-specific, some nasal tests returned negative results when the 

tonsils were positive and vice versa.  Serotypes 3 and 8 were only found in the nasal passage 

and 10 only in the tonsils.  Similar finding where made more recently by Costa (2011)when 

serovar 1 and 15 could not be isolated from tonsils of known positive animals.  

According to Sidibe et al (1993) serotype 7, which was known to be circulating in the 

experimental herd, can be found in both tonsils and nasal fluids, but is more likely to be 

detected in nasal cavities.  The lack of positive tonsil results may be due to the pathology of 

the serotypes 1 and 7 infecting the herd.  The infection was expected to be in the initial 

stages, as within weeks a clinical breakout occurred, confirming that those positive results 

may have detected the initial stages of a herd outbreak.  Two pigs, suspected to have died 

from pleuropneumoniae, were autopsied and APP was confirmed in both pigs using lung 

culture samples.  Tonsil samples were also submitted and again returned negative results. 

Tonsil samples in all animals including those tested positive for APP by other means 

produced negative results.  

The results from this study of the suspected sub-clinically infected pigs resulted in a 

single pig producing a positive result in the oral fluid testing.  Surprisingly, the tonsil scraping 

and serum testing from the same animals produced negative results.  This pig may have 

produced positive results only in the oral fluid because the animal had just made nose-to-
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nose contact with an (untested) positive pig (Costa, et al., 2011).  Testing for APP antibodies 

returned all negative results with the exception of one animal from a hospital pen.  This 

animal produced negative results for oral fluid and tonsil scrapping PCR.  It is possible that 

this pig had cleared the APP infection previously so that antibodies were residual from a 

prior exposure event.  

TEGOTM Oral fluid collection ropes were hung in all pens used for the study.  Pigs within 

these pens were known to be positive for APP after the return of a positive oral fluid 

sample, the positive ELISA test result prior to the outbreak, and positive lung lesion samples 

during the disease outbreak.  Therefore the sensitivity of the rope collection of oral fluids 

for the detection of APP is questionable under these experimental conditions.  This may be 

attributed to the nature of APP and it’s pathogenesis throughout stages of the disease or 

the sensitivity of the laboratory tests.  Further investigation into the expression of APP in 

saliva needs to be investigated along with improving the sensitivity of the diagnostics tests.  

5.4. Future research and conclusions 

The results from this study indicate the need for further investigation into the use of pooled 

oral fluid for disease diagnosis.  Additional studies are required to further investigate and 

establish a set of protocols for the use of single or multiple ropes for the oral fluid 

collection.  This is becoming more important as pen and group sizes are increasing with 

movement towards more bedded housing of commercially farmed pigs in Australia.  

The low proportion of test-positive pigs in Experiment 3, both by ELISA and PCR analysis, 

suggests that either the test had a low diagnostic sensitivity, or that pigs had not been 

exposed to APP.  As both tests had been validated previously, it seems likely that the latter 

is more to blame.  It would be worthwhile repeating the study on an APP-infected herd 

using older pigs, as the maternal antibody titre will have further diminished.    

There is evidence to suggest that APP serotypes differ in their ability to be detected in 

pigs’ tonsils.  This warrants further investigation as it will most likely impact on the ability to 

detect APP in oral fluids. 
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We demonstrated that PCR testing can be applied to detect APP in oral fluids.  It would be 

interesting to determine the role of environmental contaminants on test detection 

sensitivity and whether they have an inhibitory effect on laboratory tests.     

The conventional PCR used in these experiments was not quantitative.  Application of real-

time (quantitative) PCR for oral fluid testing should be investigated.  Interpretation of results 

would need to be approached with caution as the concentration of bacteria needed to 

produce disease varies with APP serotype.   

These results suggest that whilst the PCR testing of oral fluid for APP may not be sensitive 

enough for detection in a sub-clinical herd, the determination of the causative agent during 

a clinical break out may be possible, and this warrants further field investigation in the case 

of a clinical outbreak.  

Disease diagnosis of oral fluid samples is reliant on the presence of antibodies or the 

pathogen itself being expressed in the oral fluid. When detecting for presence of APP in 

saliva PCR analytical sensitivity does not seem high enough. The concentration of APP 

bacteria within the oral fluid may not be high enough for PCR detection. Antibody detection 

using common ELISA is the next step in finding if oral fluids can be utilised to monitor APP 

presence. There has been research which concluded that antibodies specific for APP were 

detected in oral fluid prior to serum (Loftager, et al., 1993), indicating there is a possibility of 

early detection.  In addition, Corthier and Aynaud (1977) found that there are considerably 

higher levels of APP specific antibodies in oral fluid, due to the local immune response 

within the respiratory tract over a systemic response.  This higher antibody titre is promising 

in that oral fluid samples may still be utilised to monitor APP circulation given the use of 

ELISA testing instead of lower-sensitivity PCRs. 
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APPENDICES 

APPENDIX 1: TEGOTM SWINE ORAL COLLECTION KIT 
 

 

Image 1: TEGO Swine Oral Fluids Collection Kit contents: cotton rope attached to braided 
nylon cord (for attachment in pen), corner tear notch collection bag, 50 ml conical tube with 
individual bar code, double pouched shipping bag, latex free gloves and instructions for use.  
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APPENDIX 2: EXPERIMENT 2 - TABLES AND FIGURES 
 

Table 1: Sensitivity of the PCR test at detecting APP in 6 µl of saliva. 

Dilution  No. replicates APP concentration 

 (CFU/ml) 

Detection:  

 

   Saliva Diluent 

APP Neat  2 1.26x109 + + 

APP10-1 2 1.26x108 +  

APP10-2 2 1.26x107 + + 

APP10-3 2 1.26x106 +  

APP10-4 2 1.26x105 - + 

APP10-5 2 1.26x104 -  

APP10-6 2 1.26x103 - + 

APP10-7 2 1.26x102 -  

APP10-8 2 1.26x101 -  

Negative 

control 

1 - - - 
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Table 2: 6µl saliva template 

PCR gel well contents (Gel 1) 

PCR Gel 
Lane 

APP 
Concentration 

1 1kb DNA Ladder 

2 
3 

APP Neat 

4 
5 

APP10-1 

6 
7 

APP10-2 

8 
9 

APP10-3 

10 
11 

APP10-4 

12 
13 

APP10-5 

14 
15 

APP10-6 

16 
17 

APP10-7 

18 
19 

APP10-8 

20 Negative control 
 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 1 PCR gel of 6µl template spiked Saliva. 
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Table 3: 6 µl diluent template gel well contents (gel 2). 

PCR Gel 
Lane  

APP 
Concentration 

1 1kb DNA Ladder 

2 
3 

APP Neat 

4 
5 

APP10-2 

6 
7 

APP10-4 

8 
9 

APP10-6 

10 
11 

APP10-8 

12 1kb DNA Ladder 
 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 2: PCR gel of 6µl template spiked diluent. 
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Table 4: Sensitivity of the PCR test at detecting APP in 3 µl of template in saliva and diluent.  

Dilution  No. replicates APP concentration 

 (CFU/ml) 

Detection:  

 

   Saliva Diluent 

APP Neat  2 1.26x109 + + 

APP10-1 2 1.26x108 +  

APP10-2 2 1.26x107 + + 

APP10-3 2 1.26x106 +  

APP10-4 2 1.26x105 + + 

APP10-5 2 1.26x104 -  

APP10-6 2 1.26x103 - + 

APP10-7 2 1.26x102 -  

APP10-8 2 1.26x101 -  

Negative 

control 

2 - - - 
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Table 5: PCR gel well contents, 3 µl of template in saliva (gel 3). 

PCR Gel Lane APP Concentration 

1 1kb DNA Ladder 

2 
3 

APP Neat 

4 
5 

APP10-1 

6 
7 

APP10-2 

8 
9 

APP10-3 

10 
11 

APP10-4 

12 
13 

APP10-5 

14 
15 

APP10-6 

16 
17 

APP10-7 

18 
19 

APP10-8 

20 Negative control 
 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 3: PCR gel of 3µl template APP spiked saliva. 
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Table 6 PCR gel well contents, 3µl of template in diluent (gel 4). 

PCR Gel 
Lane  

APP 
Concentration 

1 1kb DNA Ladder 

2 
3 

APP Neat 

4 
5 

APP10-2 

6 
7 

APP10-4 

8 
9 

APP10-6 

10 
11 

APP10-8 

12 Negative control 

 

 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 4: PCR gel of 3µl spiked APP in diluent. 
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Table 7: Sensitivity of the PCR test at detecting APP in 1µl of Saliva. 

Dilution  No. replicates APP concentration 
(CFU/ml) 

Detection  
 

APP Neat  2 1.26x109 + 
APP10-1 2 1.26x108 + 
APP10-2 2 1.26x107 + 
APP10-3 2 1.26x106 + 
APP10-4 2 1.26x105 + 
APP10-5 2 1.26x104 + 
APP10-6 2 1.26x103 - 
APP10-7 2 1.26x102 - 
APP10-8 2 1.26x101 - 
Negative control 1 - - 
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Table 8 PCR gel well contents, 1µl of template in saliva (gel 5). 

PCR Gel Lane  APP Concentration 

1 1kb DNA Ladder 

2 
3 

APP Neat 

4 
5 

APP10
-1

 

6 
7 

APP10
-2

 

8 
9 

APP10
-3

 

10 
11 

APP10
-4

 

12 
13 

APP10
-5

 

14 
15 

APP10
-6

 

16 
17 

APP10
-7

 

18 
19 

APP10
-8

 

20 Negative control 

 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 5: PCR gel 1µl of template in saliva. 
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Table 9 PCR well contents for 3µl of saliva (4oC & -20oC) template diluted 3x tenfold in 
diluent (gel 6). 

 

 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 6:  PCR image of 3µl of template in diluent 10-4 

PCR Gel 
Lane 

APP 
Concentration 

1 1kb DNA Ladder 

2 
3 

APP10-4 Neat 
(saliva stored at 

40C) 

4 
5 

APP10-5 

6 
7 

APP10-6 

8 
9 

APP10-4 Neat 
(saliva stored at -

20oC) 

10 
11 

APP10-5 

12 
13 

APP10-6 

14 
15 

Negative controls 
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Table 10 PCR well contents when sample stored at 4oC (gel 7). 

PCR Gel 
Lane  

APP 
Concentration 

1 1kb DNA Ladder 

2 
 

APP Neat (diluted 
with saliva stored 

at 4oC) 

3 APP10-1 

4 APP10-2 

5 APP10-3 

6 APP10-4 

7 APP10-5 

8 APP10-6 

9 APP10-7 

10 APP10-8 

11 APP Neat (diluted 
with diluent) 

12 APP10-1 

13 APP10-2 

14 APP10-3 

15 APP10-4 

16 APP10-5 

17 APP10-6 

18 APP10-7 

19 APP10-8 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 7: PCR gel of APP detection after storage at 4oc. 
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Table 11 PCR well contents when sample stored at -20oC (gel 8) 

PCR Gel Lane  APP Concentration 

1 1kb DNA Ladder 

2 
 

APP Neat (diluted with saliva 
stored at -20oC) 

3 APP10-1 

4 APP10-2 

5 APP10-3 

6 APP10-4 

7 APP10-5 

8 APP10-6 

9 APP10-7 

10 APP10-8 

11 APP Neat (diluted with diluent) 

12 APP10-1 

13 APP10-2 

14 APP10-3 

15 APP10-4 

16 APP10-5 

17 APP10-6 

18 APP10-7 

19 APP10-8 

 

 

1    2    3    4     5    6    7    8    9   10   11   12   13  14   15   16   17  1 8  19   20 

 

Gel 8: PCR gel of APP detection after storage at -20oC. 

 

  



95 

 

APPENDIX 3: EXPERIMENT 3 - TABLES AND FIGURES 
 

Table 1: Blood serum ELISA results for the 25 pig samples tested. 

Blood Sample form animal: ELISA result 

1 - 
2 - 
3 - 
4 - 
5 Suspect  
6 - 
7 - 
8 - 
9 - 

10 - 
11 - 
12 - 
13 - 
14 - 
15 - 
16 - 
17 - 
18 - 
19 - 
20 - 
21 - 
22 - 
23 - 
24 - 
25 - 
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Table 2: PCR results for the 25 pig tonsil and oral fluid samples tested. Pig Fifteen oral fluid 
only positive results. 

Blood Sample form 
animal: 

PCR result 
 

 

 Tonsil  Oral fluid  
1 - - 
2 - - 
3 - - 
4 - - 
5 -  - 
6 - - 
7 - - 
8 - - 
9 - - 

10 - - 
11 - - 
12 - - 
13 - - 
14 - - 
15 - + 
16 - - 
17 - - 
18 - - 
19 - - 
20 - - 
21 - - 
22 - - 
23 - - 
24 - - 
25 - - 
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Table 3: PCR gel 1 well contents for the tonsil swab detection of A. pleuropneumoniae 
(gel1). 

Gel lane no Sample 

1 1Kb DNA ladder 

2 1 – Tonsil swab 

3 2 - Tonsil swab 

4 3 - Tonsil swab 

5 4 - Tonsil swab 

6 5 - Tonsil swab 

7 6 - Tonsil swab 

8 7 - Tonsil swab 

9 8 - Tonsil swab 

10 9 - Tonsil swab 

11 10 - Tonsil swab 

12 11 - Tonsil swab 
13 12 - Tonsil swab 

14 13 - Tonsil swab 

15 14 - Tonsil swab 

16 15 - Tonsil swab 

17 16 - Tonsil swab 

18 17 - Tonsil swab 

19 18 - Tonsil swab 

20 Negative control 

 

1      2    3     4    5     6    7     8    9    10  11  12   13   14  15  16   17   18   19   20

 

Gel 1: PCR gel 1 of APP detection in tonsil swabs. 
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Table 4: PCR gel 2 well contents for the tonsil and oral fluid detection of A. 
pleuropneumoniae. 

 

Gel lane no. Sample 

1 1Kb DNA ladder 
2 19 - Tonsil swab 
3 20 - Tonsil swab 
4 21 - Tonsil swab 
5 22 - Tonsil swab 
6 23 - Tonsil swab 
7 24 - Tonsil swab 
8 26 - Tonsil swab 
9 1 – Saliva swab 

10 2 – Saliva swab 
11 3 – Saliva swab 
12 4 – Saliva swab 
13 5 – Saliva swab 
14 6 – Saliva swab 
15 7 – Saliva swab 
16 8 – Saliva swab 
17 9 – Saliva swab 
18 10 – Saliva swab 
19 11 – Saliva swab 
20 12 – Saliva swab 

 

 

1    2     3    4    5    6    7    8    9   10   11 12  13  14   15  16  17   18   19   20  

 

Gel 2: PCR gel 2 of APP detection in tonsil and oral fluid. 
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Table 5: PCR gel 3 well contents for the oral fluid (grouped and individual) detection of A. 
pleuropneumoniae (Gel 3). 

 

Gel lane no. Sample  

1 1Kb DNA ladder 

2 13 – Saliva swab 

3 14 – Saliva swab 

4 15 – Saliva swab 

5 16 – Saliva swab 

6 17 – Saliva swab 

7 18 – Saliva swab 

8 19 – Saliva swab 

9 20 – Saliva swab 

10 21 – Saliva swab 

11 22 – Saliva swab 

12 23 – Saliva swab 

13 24 – Saliva swab 

14 26 – Saliva swab 

15 Pen 1 – Hospital Pen group 
saliva 

16 Pen 1 – Hospital Pen group 
saliva 

17 Pen 2 –  Group saliva 

18 Pen 2 – Group saliva 

19 +’ve Control 2µl  (old / 1) 
+8µl  of nuclease water  

20 +’ve control 2µl  (new/ 2) 
+8µl  of nuclease water 

 

 

1    2     3     4   5     6    7    8    9   10   11 12 13  14  15  16  17  18  19  20 

 

Gel 3: PCR gel 3 of APP detection in oral fluid, grouped and individual. 
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Table 6: PCR results for the 2 pigs lung, tonsil and pen oral fluid samples tested. Pigs were 
both positive in lung sample but returned negative tonsil sample results. Grouped oral fluid 
from the pens the pigs were housed in was also negative. 

 

Blood Sample form 
animal: 

PCR result 
 

  

 Tonsil  Lung sample Oral fluid 
1 - +  
2 - +  

Pen 1   - 
Pen 2   - 
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APPENDIX 4: PRODUCT CODES AND SOURCES 
 

Product  Company  Catalogue  Lot number  

APPAlive™ Bioproperties    

Agarose Amresco  0710500G 169B004 

Gel red Biotium 41003 10G1028 

NF Water  Promega P119C 31029601 

MgCl2 Promega A351H 30157855 

5x PCR Buffer Promega M890A 31107728 

Taq polymerase  Promega M828B 1003870 

dNTP’s Promega U1240 0000012603 

APP-LPF-F1D Geneworks - 911220 

APP-LPF-R1D Geneworks - 911221 

Diluent    

1kb DNA ladder   G571A 30236902 

Loading dye Blue/ 

orange 6x 

 G190A 30738811 
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WORD COUNT (EXCLUDING APPEDICES & REFERENCES): 20,453 


