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(ABSTRACT)

Traditional serologic assays of Actinobacillus pleuropneumoniae often have

problems with cross-reactivity.  To avoid the complications of antibody-antigen

reactions, a PCR assay was developed to detect Actinobacillus pleuropneumoniae and

identify serotype 5 strains. Primers specific to the conserved capsular export region of A.

pleuropneumoniae amplified a 0.7 kb DNA band in all strains with the exception of

serotype 4. A second set of primers specific to the unique capsular biosynthesis region of

serotype 5 amplified a unique 1.1 kb band for serotype 5 only. The sensitivity of this

assay was determined to be less than 102 colony forming units. This PCR assay enables

us to detect A. pleuropneumoniae and definitively distinguishes serotype 5 strains from

other serotypes.



iii

This thesis is dedicated to my parents,

Julie and Christopher Lo, a.k.a. Mom and Dad.



iv

ACKNOWLEDGMENTS

It has been my good fortune to have worked with a number of great people that

have helped make my graduate experience worthwhile and enjoyable. I would like to

thank Dr. Thomas Inzana, my graduate advisor, for all of  his guidance, support and

patience. .My committee members, Dr. Eric Wong and Dr. Nammalwar Sriranganathan,

for their excellent suggestions and advice. I greatly appreciate the time and effort they

have put forth. I would also like to thank Christine Ward for helping me get on track

when I first started, Gretchen Glindemann for all of her continuing help, and John

McQuiston for allowing me to pester him with millions of  questions. Thanks to Mark

Lawrence, Todd Pack, and Rhonda Wright, who have all showed me great kindness as

well as technical advice in the lab. Thanks to Dr. John Lee and Dr. Lud Eng for their

financial support, and Linda Price, Sherrie Settle, Kim Stowers, and Tracie Sweeny for

their help with all of the administrative details. And let’s not forget about my friends and

co-workers: Mike Howard, Maureen Fallon, Jennifer Hensley, Jane Lee, Sergio Harding,

Noel Hikes, Dave Copeland, everyone at the CMMID, the media lab, and all my fans.

Thanks.



v

TABLE OF CONTENTS
Page

Abstract .....................................................................................................................   ii

Dedication.................................................................................................................  iii

Acknowledgments ....................................................................................................  iv

List of Figures .......................................................................................................... vii

List of Tables ............................................................................................................viii

Chapter 1 Introduction.......................................................................................   1

Literature Review....................................................................   1

Actinobacillus pleuropneumoniae
Characterization and History...........................   1
Epidemiology...................................................   2
Clinical Signs...................................................    4 
Pathology.........................................................   5
Virulence Factors.............................................   6

Toxins....................................................  6
Lipopolysaccharide...............................  9
Capsule.................................................. 10

Prevention and Control...................................... 11

Identification and Serotyping of Actinobacillus
pleuropneumoniae

Introduction......................................................... 14
Complement Fixation Test.................................. 16
Indirect Hemagglutination Test........................... 17
Enzyme Linked Immunosorbent Assay............... 19
Agglutination and Coagglutination Tests............. 21
Latex Agglutination.............................................. 23
Indirect Fluorescent Anitbody Test......................24
Immundiffusion Test............................................ 25
Ring Precipitation ................................................ 26
Biochemical Typing.............................................. 27



vi

Polymerase Chain Reaction (PCR)......................  28
Summary..............................................................  30

The Polymerase Chain Reaction and Its
Uses in Microbial Detection

History.................................................................. 32
Principle of the Polymerase Chain Reaction......... 34
PCR and Bacteria.................................................. 41
Summary............................................................... 43

Chapter 2 Detection and Identification of Actinobacillus
pleuropneumoniae Serotype 5 by Multiplex
Polymerase Chain Reaction

Abstract..........................................................................................45

Introduction....................................................................................46

Materials and Methods
Strains and cell cultures.....................................................50
Tissue and nasal swab samples..........................................52
DNA isolation....................................................................52
Multiplex PCR...................................................................52

Sample preparation................................................52
Primers ..................................................................53
PCR conditions......................................................56
Detection................................................................57

Sensitivity..........................................................................58
Probes................................................................................58
Southern Blotting...............................................................58

Results............................................................................................59
Assay of serotype 5 genomic DNA...................................61
Assay optimization............................................................77
Assay sensitivity...............................................................79
Assay specificity...............................................................82
Assay of clinical specimens...............................................85

Discussion......................................................................................88

LiteratureCited................................................................................................................92



vii

List of Figures
Chapter 1 Page

Figure 1.1 Schematic diagram of PCR...........................................................36

Chapter 2

Figure 2.1 Map of capsular region and location of primers............................55

Figure 2.2 PCR of serotype 5 genomic DNA.................................................60

Figure 2.3 Serotypes 1-6 at 5 mM MgCl2......................................................63

Figure 2.4 Serotypes 1-6 with reduced cps primers........................................65

Figure 2.5 Serotype 2 single set of primers.....................................................67

Figure 2.6 Serotype 4 single set of primers.....................................................68

Figure 2.7 Serotype 2 at varying Taq polymerase concentrations..................70

Figure 2.8 Serotype 2 at varying MgCl2.........................................................72

Figure 2.9 PCR of serotype 2 sample types...................................................74

Figure 2.10 Serotypes 1-12 at 2 mM MgCl2....................................................76

Figure 2.11 Sensitivity assay............................................................................78

Figure 2.12 Respiratory swine pathogens.........................................................80

Figure 2.13a Gel used for Southern hybridization..............................................82

Figure 2.13b Hybridization of cpx probe............................................................83

Figure 2.14 PCR of lung tissue.........................................................................85

Figure 2.15 PCR of nasal swabs with genomic DNA.......................................87



viii

List of Tables

Page
Chapter 2

Table 2.1 Bacterial strains..............................................................................51

Table 2.2 Primer sequences...........................................................................54



1

Literature Review

Actinobacillus pleuropneumoniae

Characterization and History

Actinobacillus pleuropneumoniae is the etiological agent of swine

pleuropneumonia, a respiratory disease that continues to have a worldwide economic

impact.  Swine are the only known natural hosts of the disease, but it is highly contagious

and can be spread from herd to herd by infected carriers (MacInnes et Rosendal, 1988).

Symptoms of the infections caused by A. pleuropneumoniae may vary from death to

chronic illness to subclinical symptoms.  Attempts to control and prevent the disease

have been largely ineffective (Sebunya and Saunders, 1983).

The first field isolates of A. pleuropneumoniae were reported  in the early 1960's

in Great Britain, California, and Argentina (Matthew and Pattison, 1961; Shope, 1964).

At that time the isolates were typed as one of three species: Haemophilus parainfluenzae,

Haemophilus parahaemolyticus, or Haemophilus pleuropneumoniae.  However,

biochemical tests of the organisms' ability to ferment certain sugars established that they

did not belong to the  already existing species of H. parainfluenzae.  The designations of

H. parahaemolyticus and H. pleuropneumoniae were often used interchangeably.  In

1978, Kilian et al. established that the human isolates of H. parahaemolyticus were clearly

distinct from swine isolates and should be classified in separate categories.  The swine
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isolates were then categorized as  H. pleuropneumoniae, a name that had been originally

proposed by Shope (1964).

In 1983, DNA hybridization studies by Pohl et al. indicated that there was no

significant homology between H. pleuropneumoniae and H. influenzae.  However, the

homology between H. pleuropneumoniae and Actinobacillus lignieresii showed significant

relatedness.  This resulted in a proposal to change the genus name from Haemophilus to

Actinobacillus (Pohl et al. 1983).  The official name of the organism is now Actinobacillus

pleuropneumoniae, and it is described as a gram-negative, encapsulated, facultative

anaerobic, non-spore forming, nonmotile pleomorphic coccobacillus (Kilian et Biberstein,

1984).  A. pleuropneumoniae that require nicotinamide adenine dinucleotide (NAD) for

growth are designated as biovar 1 while A. pleuropneumoniae isolates that are NAD

independent are designated as biovar 2 (Pohl et al. 1983).  In addition, there are 12

serotypes of biovar 1 that are distinguished by their unique capsular polysaccharide

(Perry et al., 1990).

Epidemiology

Transmission of the disease appears to occur directly from an infected pig to a

susceptible pig, since A. pleuropneumoniae is not known to survive long in the

surrounding environment (Willson et al., 1987).  However, in acute outbreaks the disease

agent may be transmitted from one pen to another, suggesting that transmission by
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aerosol or by farm personnel carrying contaminated exudate of infected pigs is possible

(Nicolet, 1992).  Because pigs may carry the bacterium undetected, the disease is often

spread by the introduction of new pigs into the herd (Kume et al., 1986). The probability

of a herd being exposed to A. pleuropneumoniae increases with the number of pigs

purchased at one time (Rosendal and Mitchell, 1983).  Although all age groups are

susceptible to the disease, growing pigs seem to be the most susceptible.  Factors such as

moving, crowding, and adverse climate conditions play a large role in supporting the onset

and severity of the disease (Nicolet, 1992).

Serotypes of A. pleuropneumoniae are generally distributed by geographic

location.  Serotypes 1, 5 and 7 are most commonly found in the United States, while

other serotypes predominate in other parts of the world (Sebunya and Saunders, 1983).

While some serotypes are considered to be of low virulence in some countries and of no

epidemiologic importance, they may be agents of disease in others countries (Desrosiers

et al., 1984).  Although there are apparent geographic boundaries, there remains the

possible danger that a new serotype will be introduced into a naive herd (Fedorka-Cray et

al., 1993).  A typical outbreak of A. pleuropneumoniae results in about 50% morbidity

and up to 10% mortality (Fenwick et Henry, 1994).
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Clinical Signs

An outbreak of A. pleuropneumoniae can result in varying degrees of clinical

disease: peracute, acute, and chronic. In the peracute form, pigs become suddenly ill and

reach fevers of 106.7 F (Nicolet, 1992).  Vomiting, diarrhea, and a discharge of blood-

tinged foam from the nostrils and mouth may occur as well as an increase in pulse rate

(Nielsen, 1985; Nicolet, 1992).  These symptoms are usually followed by circulatory

failure and cyanosis of the body (Nicolet, 1992).  Death occurs within 24-36 hours

(Shope, 1964).  Occasionally, an animal may die suddenly without showing the initial

indications of illness (Sebunya and Saunders, 1983).

The acute form of the illness also results in a rise in body temperature, lameness,

stiffness, and lethargy (Fenwick and Henry, 1994).  Animals often become depressed and

show a loss of appetite.  Respiratory difficulties become evident and circulatory failure

may occur.  The acute form of the disease may lead to death or recovery (Nicolet, 1992).

If the pig is able to survive the first four days of the outbreak, it is likely to survive

(Shope, 1964).  However, a chronic form of the disease often persists in those animals

that survive the disease (Nielsen, 1985).

Pigs that suffer from a chronic form of pleuropneumonia may exhibit only

subclinical signs (Sebunya and Saunders, 1983).  Little or no fever is observed as well as

only occasional coughing.  Appetite is decreased resulting in a diminished weight gain

(Nicolet, 1992).  In many cases, the only sign of infection is evident at necropsy by
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unresolved lung lesions (Shope, 1964).  Other respiratory diseases or stress factors may

trigger an increase in pleuropneumonia symptoms (MacInnes and Rosendal, 1988).

Chronic carriers may also transmit the disease to previously unexposed swine (Kume et

al. 1986).

Pathology

 Necropsy studies of swine that have been infected by A. pleuropneumoniae

display pneumonic lesions mainly in the respiratory tract (Nicolet, 1992).  While the

lesions are found mainly on the caudal lobes, they can also occur in cranial and median

lobes (Sebunya and Saunders, 1983).  Lung lesions on acutely affected swine are dark

pink to plum red; there is generally blood stained froth in the trachea, excess bloody fluid

in the thorax, and fibrinous adhesions between lungs, thoracic wall, diaphragm, and

pericardium (Rogers et al., 1990). Most studies have concluded that the characteristic

lesions induced by A. pleuropneumoniae infection are a result of bacterial toxins (Bertram,

1986).  Evidence of this is supported by the presentation of similar lesions when

sonicated bacteria and bacterial supernatant were used (Rosendal et al., 1980).

In pigs that suffer from chronic symptoms, determination of A. pleuropneumoniae

infection can be difficult.  Severe lung lesions induced by A. pleuropneumoniae can resolve

within a few weeks, and chronic lung lesions can be difficult to differentiate from lesions

caused by various other organisms (Fenwick and Henry, 1994).  These lung lesions are

mottled red to yellow and are less extensive with more pronounced fibrosis (Rogers et al.,
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1990). The chronic lesions may harbor A. pleuropneumoniae for months, and infected

animals are considered to be carriers of the infection (Fedorka-Cray et al., 1993).  In some

cases, the presence of low numbers of A. pleuropneumoniae introduced by subclinical

carriers may provide some herd immunity against the disease (Fenwick and Henry, 1994).

However, the effect of subclinical infection on growth can be substantial (Rohrbach et al.,

1993).

Virulence Factors

There are a number of  factors that significantly contribute to the pathogenic

properties of A. pleuropneumoniae.  Three of the most characterized of these factors are

exotoxins, lipopolysaccharide, and capsule.  These factors may also play key roles in

determining the protective and identifying  antigens associated with A. pleuropneumoniae.

The following is a short summary of these three elements.

Toxins

After it had been shown that the supernatant from A. pleuropneumoniae

suspensions could produce the necrotic and hemorrhagic lesions associated with

pleuropneumonia, A. pleuropneumoniae exotoxins have been established as being directly

involved in generating clinical signs (Rosendal et al., 1980).  The hemolytic and cytotoxic

characteristics that have been associated with A. pleuropneumoniae have been attributed
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to at least three toxin proteins.  Early analysis of these proteins have identified them as

members of the RTX-toxin family (Lalonde et al., 1989).  These toxins have been named

Apx-toxins for Actinobacillus pleuropneumoniae RTX-toxins and are identified as ApxI,

ApxII, and Apx III (Frey et al., 1993).  Each of these toxins vary in their hemolytic and

cytotoxic activity and their presence in A. pleuropneumoniae depends on the serotype of

the strain (Frey, 1995).

ApxI is a strongly hemolytic and cytotoxic protein with a molecular weight of

105-110 kilodaltons (kDa) (Frey and Nicolet, 1988).  It is produced and secreted by A.

pleuropneumoniae serotypes 1, 5, 9, 10, and 11 (Frey and Nicolet, 1990; Kamp et al.

1994).  The nucleotide sequence that encodes for ApxI has been identified as the operon

apxI, and consists of four genes arranged in the respective order of apxIC, apxIA, apxIB,

and apxID (Gygi et al., 1992; Jansen et al. 1993).  The toxin expression is induced by

calcium and is necessary for biological activity (Devenish and Rosendal, 1991).  Protein

analysis of the toxin shows that it is 56% homologous to the Escherichia coli hemolysin,

HlyA (Femlee et al., 1985).  Strains that produce ApxI tend to be highly virulent,

supporting evidence that toxin activity is related to the virulence of A. pleuropneumoniae

(Kamp et al., 1991; Frey and Nicolet, 1990).

ApxII is weakly hemolytic and weakly cytotoxic and has a molecular mass of

between 103-105 kDa (Frey and Nicolet, 1988).  All of the A. pleuropneumoniae

serotypes with the exception of serotype 10 produce and secrete ApxII (Kamp et al.,
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1991; Kamp et al., 1994).  Protein analysis of ApxII has found it to be 72% homologous

to the leukotoxin of Pasteurella haemolytica (Chang et al., 1989).  However, the apxII

operon does not contain any genes that are responsible for secretion (Frey, 1995).

Apparently, the secretion of ApxII is dependent on the apxIBD genes which are found in

all of the A. pleuropneumoniae serotypes with the exception of serotype 3 (Frey, 1995).

ApxIII is not hemolytic but is strongly cytotoxic with a molecular mass of 120

kDa (Kamp et al., 1991).  The protein is produced and secreted by A. pleuropneumoniae

serotypes 2, 3, 4, 6, and 8 (Kamp et al., 1991).  ApxIII is 50% identical to ApxI and E.

coli HlyI (Jansen et al., 1993).  The operon encoding for ApxIII consists of the genes

apxIIICABD and shares an analogous arrangement of the apxI operon (Chang et al., 1993).

The virulence of certain A. pleuropneumoniae serotypes varies from highly

virulent to weakly virulent.  These variations are consistent with the type of toxin each

serotype produces.  Those serotypes that produce ApxI or those that produce two toxins

are particularly virulent when compared to those serotypes that do not (Kamp et al.,

1991; Frey and Nicolet, 1990). Serotype 5 mutants that do not secrete ApxI or ApxII

have been shown to be non-pathogenic in pigs or mice, indicating that the toxins are

important virulence factors for A. pleuropneumoniae serotype 5 (Inzana, 1991).  In

addition this mutant was shown to be non-protective against the wild-type strain

suggesting that the toxins are needed to provide a sufficient immune response against the

pathogenicity of A. pleuropneumoniae serotype 5 (Inzana, 1991).
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Lipopolysaccharide

Lipopolysaccharide (LPS) serves as a major component of the outer membrane of

A. pleuropneumoniae and is capable of causing significant tissue damage.  Its composition

consists of lipid A, a core region of common sugars, and an O-polysaccharide side chain

(Byrd and Kadis, 1989).  The O-side chains of the A. pleuropneumoniae serotypes vary

from smooth, to semi-smooth, to rough (i.e. strains that lack O-side chains). Each of these

serotypes has a particular composition and structure of the LPS O-side chain (Fenwick

and Osburn, 1986; Byrd and Kadis, 1989).  Although in some cases, the similarity of the

O-side chain of some serotypes may be responsible for the immunological cross-

reactivity that is observed in A. pleuropneumoniae (Fenwick and Osburn, 1986).

Although pure LPS has the potential to cause damage to lung tissue, the damage

differs from the  hemorrhagic and necrotic lung lesions found in typical cases of A.

pleuropneumoniae infection (Udeze et al., 1987).  It is likely that LPS and exotoxins are

able to interact to intensify the virulent effects of A. pleuropneumoniae (Inzana, 1991).

In addition, LPS is believed to play a role in the adherence of A. pleuropneumoniae.

Belanger et al. (1990) reported that 83% of serotypes with smooth LPS adhere to the

tracheal rings in large numbers, while 80% of serotypes with semi-smooth LPS adhere

poorly.  This suggests that LPS may be a necessary factor in the colonization of A.

pleuropneumoniae to the upper porcine respiratory tract.
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Capsule

All 12 A. pleuropneumoniae serotypes are distinguished by capsular

polysaccharide of specific composition and structures that are immunologically unique,

and have been previously characterized (Perry et al., 1990).  These capsules are

negatively charged and are composed of oligosaccharide units, techoic acid polymers

joined by phosphate diester bonds, or oligosaccharide polymers joined by phosphate

bonds (Perry et al., 1990). Encapsulated A. pleuropneumoniae can be visualized as an

iridescent hue surrounding the colonies when plated on clear medium (Inzana, 1990).

The A. pleuropneumoniae capsule is poorly immunogenic (Fenwick and Osburn,

1986; Inzana and Mathison, 1987a). Purified capsule fails to activate the complement

cascade and does not demonstrate toxic activity (Ward and Inzana, 1994; Fenwick and

Osburn, 1986).  No clinical symptoms or lung lesions were found when purified capsule

was administered endobronchially to pigs (Fenwick and Osburn, 1986).   The main role of

the capsule appears to be one of protection for the pathogen.  Encapsulated A.

pleuropneumoniae is protected from bactericidal killing by complement in the presence

and absence of capsule specific antibody (Inzana et al., 1988).  However, a

nonencapsulated mutant of serotype 5 was shown to be susceptible to complement

killing in the absence of specific antibody (Ward and Inzana, 1994).  This suggests that

capsule plays an important part in the resistance of A. pleuropneumoniae to complement
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mediated killing.  In addition, different serotypes have varying degrees of virulence.

Serotypes possessing larger and more adherent capsule were shown to be more virulent

than serotypes with less capsule (Jensen and Bertram, 1986).  This indicates that capsule

may be one of several factors that influence the virulence of different serotypes.

Prevention and Control

There are several methods that can be employed for the prevention and control of

A. pleuropneumoniae in swine herds. In order to choose the most desirable method, it is

important to weigh all factors from financial cost to risk of disease outbreak.  Some herd

owners may choose to live with the subclinical symptoms of the less virulent strains of A.

pleuropneumoniae.  This reduces the risk of an acute outbreak that may occur in A.

pleuropneumoniae free herds (Fenwick and Henry, 1994).  Risk of introducing A.

pleuropneumoniae to the herd can be further reduced by culling seropositive carriers,

purchasing seronegative stock, and quarantining new stock (Rosendal and Mitchell, 1983).

In addition, the herds should be managed between barns and rooms with an all-in and all-

out policy, with thorough cleanings between groups (Fenwick and Henry, 1994).

Subclinically infected carrier pigs are by far the most common means of

transmitting A. pleuropneumoniae (Fenwick and Henry, 1994).  Although eradication of

carrier pigs is an ideal method of control, it is often impractical to culture an entire herd.
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This may leave the treatment of clinical symptoms as the only recourse (Fedorka-Cray et

al., 1993).  However, the use of antibiotics often does not clear the entire infection, and A.

pleuropneumoniae may still be shed (Willson and Osborne, 1985).  In addition, the

isolation of antibiotic-resistant strains is becoming increasingly common (Fedorka-Cray et

al., 1993).

Herd depopulation is the most radical alternative to eliminate a disease outbreak.

It consists of removing all animals from the farm site and repopulating with animals from

disease free herds.  In cases where there is a high prevalence of seropositive pigs in the

herd, depopulation may be the only effective method of treatment (Nicolet, 1992).  This

is, however, a very expensive method and may result in the loss of important bloodlines

(Leman, 1992).  This has created an increasing demand for early detection of potential

carriers of the disease by serologic testing. If new policies and management are not

incorporated for improved herd conditions, the risk of pleuropneumonia outbreak will

remain (Fenwick and Henry, 1994).

A variety of vaccines have been developed to provide protection against A.

pleuropneumoniae.  However, vaccines have shown some efficacy in experimental

settings, field observations have been less conclusive (Hunneman, 1986).  The available

commercial vaccines also do not prevent pigs from becoming subclinical carriers (Nicolet,

1992).  The current use of A. pleuropneumoniae vaccines is not a reliable means to

prevent infection and is intended to reduce the severity of illness and death (Fenwick and
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Henry, 1994).  Recently, a nonencapsulated mutant of serotype 5 has been developed and

shows promise as a possible vaccine candidate (Ward and Inzana, 1995).



14

Identification and Serotyping of Actinobacillus pleuropneumoniae

Introduction

Actinobacillus pleuropneumoniae is the etiological agent of swine

pleuropneumonia and has resulted in severe economic losses to the swine industry.  To

date, there have been at least 12 serotypes identified from field isolates of A.

pleuropneumoniae with specific serotypes predominating in different geographical

regions.  Serotypes 1, 5, and 7 are found most frequently in North America (Fenwick and

Henry, 1994), while serotype 2 is found most frequently in Switzerland, Denmark, and

Sweden (Nicolet, 1992).

A. pleuropneumoniae can be isolated from field samples by streaking onto 5%

blood agar plates with a cross-streak of a  -toxinogenic,  NAD-producing Staphylococcus

aureus strain. Colonies of A. pleuropneumoniae usually produce a  -hemolytic zone.  A.

pleuropneumoniae is a gram-negative, encapsulated,  nonmotile, nonspore forming,

coccobacillary, facultative anaerobe; it is also urease positive and ferments mannitol,

xylose, ribose, and sometimes lactose  (Fedorka-Cray et al., 1993).

Serovar classification is based on the capsular polysaccharide antigen (Inzana and

Mathison, 1987a).  However, despite the various methods available for serotyping, cross-

reactions often occur unless highly purified reagents are used.  Cross-reactions occur most

commonly between serotype 8 and serotypes 3 and 6, between serotype 9 and serotype
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1, between serotype 5 and serotype 7, and between serotype 7 and serotype 4 (Rosendal

and Boyd, 1982; Rapp et al., 1985b).  Cross-reactions are most likely the result of some

serotypes sharing the same or similar somatic antigens.  In addition, since 1990, 3% to

15% of A. pleuropneumoniae isolates typed at Iowa State University have been classified

as untypeable with respect to their serotype (Fedorka-Cray et al., 1993).

Traditional methods of A. pleuropneumoniae detection and serotyping have relied

on antibody based assays.  Some of these serotyping methods can be used both for

serotyping and for the species detection of A. pleuropneumoniae.  The difficulty in

developing serotyping assays is the preparation of highly purified serotype-specific

antigens or antisera.  These preparations can often be very expensive and very time

consuming, but are essential for developing a serotype-specific assay.  Speed and

simplicity as well as sensitivity and specificity are all important keys for a good

diagnostic protocol.

Since the 1990's the use of the polymerase chain reaction (PCR) has proven to be

a powerful alternative to traditional serological or immunological based diagnostics.

Several methods of A. pleuropneumoniae detection and serotyping have already employed

PCR as a diagnostic tool (Sirois et al., 1991; Hennessy et al., 1993).  However, there have

not been any serotype-specific DNA sequences found as of yet, these methods do not

reach their full potential as a diagnostic method.  Once the appropriate specific primer

sequences are identified, PCR should provide a simple method for the  identification and
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serotyping of A. pleuropneumoniae as well as giving greater sensitivity and specificity

than previous tests.

Complement Fixation Test

The complement fixation test (CFT) was one of the earliest tests used to

serodiagnose A. pleuropneumoniae.  It was first described by Nicolet in 1971 as a method

of diagnosing porcine pleuropneumonia and quickly became an early standard  for

serotyping A. pleuropneumoniae (Hoffman, 1989). Originally intended as a method for

detecting A. pleuropneumoniae, it was later modified to be serotype specific (Nielsen,

1979). This test relies on having serotype specific antigens to each of the 12 serotypes

and reacting them against the test sera.

  The following is a summary of the CFT as described by Lombin et al. (1982).

Antigens for the CFT are prepared by sonicating a suspension of the bacteria and

collecting the supernatant.  In addition to the A. pleuropneumoniae antigens, the test

requires the presence of guinea pig complement, calf serum, sheep red blood cells

(SRBC’s) and the test serum.  After the test serum has been heat-inactivated, it is

combined together with the complement and calf serum.  The prepared antigens are then

added to the mixture.  The reactions are incubated overnight to fix the complement.

SRBC’s are added to the mixture the next day.  The lysing of SRBC's by the interaction

of complement and bovine serum is used as the indicator for the test. If the swine serum
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contains serotype specific antibodies to the antigen, they will interact with the A.

pleuropneumoniae antigen and in turn bind to the complement. This will inactivate or fix

the complement and prevent it from lysing the SRBC's. Thus, there is an inverse

relationship between the presence of A. pleuropneumoniae antibodies and the lysing of

SRBC's.

The CFT had been found to be more immunologically specific than the indirect

hemagglutination test, because it was able to distinguish A. pleuropneumoniae from

Haemophilus parasuis, another swine respiratory pathogen (Lombin et al., 1982; Nielsen,

1974).  However, Lombin et al. (1982) reported that they were unable to observe any

serotype specificity by the CFT.  Although the complement fixation test has been

frequently used for diagnosis and serotyping in the past, it requires a high level of

standardization and is relatively insensitive when compared to other assays, such as the

enzyme-linked immunosorbent assay (ELISA).  In addition, performing this test can be

both laborious and cumbersome.

Indirect Hemagglutination Test

The indirect hemagglutination (IHA) test is another test that detects antibodies in

serum and has been used for many years as a method of bacterial detection (Neter, 1956;

Herbert, 1967).  Nielsen (1974) first reported using a modification of the Herbert method
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to detect the presence of A. pleuropneumoniae antibodies.  Later, Mittal et al. (1983a)

used the IHA test as a method for serotyping A. pleuropneumoniae.

The following is a procedure for the IHA test that has been described by Mittal et

al. (1983a).  The antigen is prepared by suspending the bacterial cells in 0.85% saline

overnight and then collection by centrifugation.  The supernatant is saved and is referred

to as the saline extract.  The saline extract is then incubated together with SRBC’s for an

hour.  The bacterial antigens adsorb to the surface of the SRBC’s and are ready to be used

in the IHA test.

The sera is prepared by absorbing it to unsensitized SRBC’s to remove all non-

antigen specific antibodies.  The sensitized SRBC’s are placed into the wells of a

microtiter plate.  Serial twofold dilutions of the sera are added to the wells.  Positive

reactions appear as flat sediment, and negative reactions appear as a smooth dot in the

center of the well.  The indirect hemagglutination titer is the reciprocal of the highest

dilution of sera found to give a positive reaction.

Nielsen (1985) reported that the IHA test cross-reacted with serotypes 6 and 8.

However, he also stated that the IHA test and the gel diffusion test are the best methods

for identification of unknown serotypes. The IHA test is also able to distinguish between

the often cross-reactive serotypes 4 and 7 while a variety of other tests are unable to do

so (Mittal, 1990). The IHA test may be  limited somewhat by the capacity of specific

antigens to adsorb onto the surface of SRBC’s.
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Enzyme -Linked Immunosorbent Assay (ELISA)

The use of an enzyme-linked immunosorbent assay (ELISA) for the serotyping of

A. pleuropneumoniae was first proposed by Nicolet et al. (1981) as an alternative to the

complement fixation test.  In an attempt to standardize the procedure Trottier et al.

(1992) developed a standard protocol for identifying serotype 5.  Recent attempts to

further optimize this ELISA method have focused on purifying a serotype-specific

antigen.  Capsular polysaccharides (Inzana and Mathison, 1987b; Bosse et al., 1990),

lipopolysaccharides (Fenwick and Osburn, 1986), and outer membrane proteins (Rapp

and Ross, 1986) have all been associated as serotype 5 specific antigens.  Long-chain

lipopolysaccharides (LC-LPS) were found to be a suitable antigen for the serodiagnosis of

serotype 5 by Gottschalk et al. (1994b).  The standardized ELISA procedure was later

adapted to serotype 1.  However, highly purified capsular polysaccharides of serotype 1

were cross-reactive with anti-sera to serotypes 9 and 11 (Gottschalk et al., 1994a).

Although LC-LPS of serotype 1 are also cross-reactive to serotypes 9 and 11, Radacovici

et al. (1994) have suggested its use because LC-LPS are easier to purify in large quantities

than capsular polysaccharide.

Performing the ELISA requires selecting and purifying an antigen.  The crude

extract of A. pleuropneumoniae can be prepared by boiling A. pleuropneumoniae cells and

collecting the supernatant (Trottier, 1992).  Other  purification procedures such as phenol

extraction are also often required (Inzana et al., 1992; Radacovici et al., 1994).  The
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antigen must then be titrated for optimal dilution and adsorbed onto the bottom surface of

the ELISA plates.  After washing the plates, the test sera is then added. After an

incubation period, anti-swine IgG conjugated with horse-radish peroxidase is added to the

reactions.  Substrate solution is added and the plates are shaken.  Positive sera will have

antibodies binding to the immobilized antigen and the anti-swine IgG antibody will then

bind to the antigen-antibody complex.  The horse-radish peroxidase creates a color

reaction in the presence of the added substrate and can be measured by the use of a plate

spectrophotometer. The type of plate is also an important factor in performing the

ELISA as the materials can vary considerably. Although most antigens bind to plates

through hydrophilic interaction, capsules are hydrophobic and may bind poorly to most

plates. This will reduce both sensitivity and specificity (Inzana, personal comm.).

An alternative form of the ELISA  is the inhibition or blocking ELISA (Nielsen et

al., 1993; Stenbaek and Schirmer, 1994).  This method employs a competitive reaction of

antibody detection. Monoclonal antibodies or polyclonal antibodies that have been

absorbed with cross-reacting serotypes are used to bind to a serotype-specific antigen

adsorbed to the plate.  These antibodies are conjugated to an enzymatic indicator such as

horse-radish peroxidase.  However, the experimental sera is first  added to the ELISA  and

if it contains antibodies specific to the antigen, it will block the prepared monoclonal or

polyclonal antibodies from binding.  Positive sera will result in a negative reaction so that

the absorbance is inversely related to the amount of positive sera.
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This type of detection  has been used successfully for serotype 8 (Nielsen et al.,

1993) and for serotype 2 (Stenbaek and Schirmer, 1994).  Stenbaek et al. (1994) used a

monoclonal blocking  antibody, and although the inhibition ELISA for serotype 2 did not

cross-react with other serotypes, it was not able to detect all strains of serotype 2.  This

is a common problem that occurs when using monoclonal antibodies.  However, in regards

to sensitivity, ELISA’s are more sensitive than most immunologically based assays

because the enzyme associated with each antigen-antibody interaction in an ELISA can

react with a number of substrate molecules.

Agglutination and Coagglutination Tests

Agglutination tests are simple and quick methods for identifying and serotyping A.

pleuropneumoniae isolates.  Methods of performing an agglutination test have included

tube agglutination, 2-mercaptoethanol (2-ME) tube agglutination, and rapid slide

agglutination.  These tests are very similar with the latter being performed on a slide as

opposed to in a tube.  Antiserum for the agglutination test is collected from a rabbit that

has been innoculated with  A. pleuropneumoniae antigen.  The antiserum is then serially

diluted with saline or with 0.1 M 2-ME, in the case of the 2-mercaptoethanol tube

agglutination test.  The antigen from the test isolates is  prepared by suspending the

bacteria in formol saline solution and then boiled.  An equal volume of test antigen is

thoroughly mixed with the dilutions of antiserum.  The reaction is determined for
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agglutination by visual inspection.  Tube agglutination tests require an 18 hour incubation,

but a positive reaction on the slide agglutination test can usually be seen within a couple

of minutes (Mittal et al., 1984)

The coagglutination test is quite similar to the rapid slide agglutination test.  A

protein-A producing Staphylococcus aureus strain is mixed with serotype-specific

antiserum.  The Staphylococcus mixture is then added to an equal volume of bacterial

suspension on a glass slide.  Protein A binds to the Fc portion of IgG and allows the

complex to become more highly visible during agglutination.  A positive reaction usually

occurs within a few seconds (Mittal, 1983b).

Although these tests share similar principles, there are distinct differences in the

results of performing these tests.  A comparison of these tests found that the

coagglutination test and the 2-mercaptoethanol tube agglutination test were both more

specific and sensitive than the rapid slide agglutination and tube agglutination tests.  The

coagglutination test also has the added advantage of being able to type autoagglutinating

strains (Mittal et al. 1987).  However, all of these tests were found to be unable to

differentiate serotype 3 isolates from serotypes 6 and 8.  Still, Rapp et al. (1985a) found

that the rapid slide agglutination test was more specific and sensitive than the indirect

fluorescent antibody test. Although the rapid slide agglutination test and the

coagglutination test do not have the same sensitivity as ELISA’s, they are both quick and
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simple and have become routine methods for serotyping A. pleuropneumoniae in many

laboratories.

Latex Agglutination

The latex agglutination test was introduced as another simple and quick method

for detection and typing of A. pleuropneumoniae.  Serotyping using this method has been

reported for serotypes 1, 2, 3, 5, and 9 (Mitui et al. 1981, Giese et al. 1993, Inzana 1995).

Mitui et al.(1981) used the latex agglutination test to detect A. pleuropneumoniae based

on a method by Suzuki et al (1977).  However, use of this method resulted in cross-

reactivity of some serotypes.

A different procedure for the latex agglutination test was proposed by Inzana

(1995) to eliminate cross-reaction.  The test  uses specific IgG antibody to detect and

serotype isolated A. pleuropneumoniae  bacteria or the antigen in tissue samples.

Antiserum to each serotype is collected from a rabbit that have been immunized with

encapsulated A. pleuropneumoniae.  The serum is then adsorbed with a non-encapsulated

homologous mutant of the A. pleuropneumoniae strain.  This procedure removes all

antibodies to exposed A. pleuropneumoniae antigens that are not capsule specific from the

serum.  The specific IgG antibodies are coupled to latex particles and placed on an

agglutination slide.  The test sample is mixed on the slide and the reaction is observed for

agglutination. Reaction time is approximately 30 seconds. The occurrence of agglutination
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is a positive reaction and indicates the presence of the specific serotype of A.

pleuropneumoniae (Inzana, 1995).

The latex agglutination test described here has been modified from other latex

agglutination tests to allow it to be used for rapid field testing while maintaining both

sensitivity and specificity. This test is still a relatively new procedure and has not yet

been established as an effective diagnostic tool. However, it remains a potentially useful

method for rapid testing without the need for extensive preparation.

Indirect Fluorescent Antibody Test

In 1981, Rosendal et al. reported the use of the indirect fluorescent antibody test

as a method of serotyping and detecting A. pleuropneumoniae.  This method can be

performed quickly and relatively easily. Rabbits are inoculated with antigen from each of

the serotypes, and when their sera contains antibody to the homologous antigen, their

antiserum is collected for use.  Smears of bacteria or tissue samples are made on glass

microscope slides.  One drop of  antiserum is placed on a slide and incubated for 45

minutes.  One drop of goat-anti-rabbit serum with a fluorescein label  is then added to the

slide.  After the slide is incubated and washed, it is observed under a fluorescence

microscope at 1000 times magnification.  A strong fluorescence on the test slide, when

compared to the background of a negative control, indicates a positive reaction for that

serotype (Rosendal et al., 1981).
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The indirect fluorescent antibody test is not time consuming; it takes about 3-4

hours to complete (Rosendal et al., 1981).  However, cross- reactivity has been found

from heterologous anti-sera to serotype 6 as well as cross reactions between serotype 4

and 7 and serotypes 4 and 5.  In addition the indirect fluorescent antibody test has been

found to be insensitive to serotype 1 (Rapp et al. 1985a).  Overall, the indirect

fluorescent antibody  test has relatively low sensitivity and specificity.

Immunodiffusion Test

Immunodiffusion is based on the principle of antibodies and antigens diffusing

through agar and visibly precipitating when antibody-antigen complexes are formed.

Gunnarsson (1979) used this method to study the antigenic properties of serotype

specificity.  Immunodiffusion has the advantage of forming a visible precipitating band for

the antigen-antibody complexes formed.  This makes some of the specific antigens for a

particular strain visible as well as giving the serotype of the strain.  The immunodiffusion

test also has the flexibility of detecting either antigen or antibody to A. pleuropneumoniae.

Antisera is prepared from rabbits by immunizing each one with cell-antigen from

one of the A. pleuropneumoniae serotypes.  Antisera to all 12 serotypes are then

collected.  The test antigen is prepared by phenol-water extraction with the test antigen

remaining in the aqueous phase.  A 1% agarose Veronal buffer gel is melted and poured

onto level microscope slides.  A well of 2-mm for the test antigen is drilled into the
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agarose.  One 2 mm well for each of the specific anti-sera is then drilled equidistant

around the center well.  The center well is filled with the test antigen, and each of the

surrounding wells is filled with one serotype-specific anti-serum.  The reactions are

incubated at room temperature in a moist chamber for several days and then read.  If the

test sample is A. pleuropneumoniae, a precipitating band should appear near the center

well between each of the surrounding wells, forming a ring around the antigen well.  An

additional precipitation band or bands will appear near the anti-serum well containing the

homologous serotype of the test antigen (Gunnarsson, 1979).

This test, although simple, requires a long incubation period.  Precipitation bands

around the wells can be difficult to interpret and may not give clear results.  For this

reason Gunnarsson et al. (1978) recommended the use of the tube agglutination test over

the immunodiffusion test for serotyping A. pleuropneumoniae. However, because of the

distinct bands created by each specific antigen-antibody complex, the immunodiffusion

test has been a useful method for studying the additional antigens that are present on a

serotype of A. pleuropneumoniae.

Ring Precipitation

Although the ring precipitation test is not commonly used today, it is another

quick and simple test developed for the serotype-specific detection of A.

pleuropneumoniae antigen.  The following method was described by Mittal et al. (1982).
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Whole A. pleuropneumoniae cells from each of the serotypes were used to innoculate

rabbits.  The antiserum to each serotype is collected and is ready for use in the ring

precipitation test.  Test antigen was prepared by removing the bacteria from plates and

suspending them in saline.  The cells were then autoclaved and centrifuged.  The

supernatant is then collected and ready to use.  Serum is aspirated into a pasteur pipette,

and the tip sealed.  The prepared test antigen is layered over the serum, and if the antigen

binds to the antibodies in the serum, the complex will precipitate out.  Within one minute

a positive reaction will result in a sharp ring of visible precipitation.

Mittal et al. (1982) reported that the ring precipitation test gave consistent and

reproducible results.  This test could also type autoagglutinating strains of A.

pleuropneumoniae which could not be typed by agglutination tests.  Mittal et al. (1982)

recommended that the ring precipitation test replace the tube agglutination test for routine

laboratory serotyping.

Biochemical Typing

As a possible alternative to traditional serotyping, Sirois and Higgins (1991) have

proposed a method of biochemical typing.  By analyzing phenotypic variations,

biochemical tests can type A. pleuropneumoniae strains into selected groups.  Sirois and

Higgins (1991) performed 38 biochemical and physiological tests on 67 strains of

serotypes 1 and 5.  Of these 38 tests, 17 reactions were uniformly negative, 17 reactions
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were uniformly positive, and 1 test was discarded for variable results within a strain.

Three tests were used for biochemical typing and consisted of acid production of glycerol,

lactose, and raffinose.

A. pleuropneumoniae strains were divided into six phenotypic groups by using the

three tests.  Forty-three percent of serotype 1 strains were classified into group 1, and

80% of the serotype 5 strains were classified into group 4.  Sirois and Higgins (1991)

have suggested that the phenotypic classifications can be used with traditional serotyping

to help identify the epidemiology associated with A. pleuropneumoniae.

Polymerase Chain Reaction (PCR)

In recent years the polymerase chain reaction (PCR) has become a new tool for

the detection and serotyping of A. pleuropneumoniae (see next section on polymerase

chain reaction).  Several methods have now been developed to detect or serotype A.

pleuropneumoniae by using the PCR (Sirois et al., 1991; Hennessy, 1993).  The use of

PCR allows for  the possible detection and typing of A. pleuropneumoniae within several

hours with great sensitivity.  However, because very little of the A. pleuropneumoniae

genome has been sequenced, there have been no reports of using serotype-specific

primers on A. pleuropneumoniae.  Described below are two methods that use the

polymerase chain reaction for the detection or serotyping of A. pleuropneumoniae.
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Hennessy et al. (1993) describe the use of an arbitrarily primed polymerase chain

reaction (AP-PCR) for A. pleuropneumoniae serotyping.  By using arbitrarily selected

primers it is possible to amplify regions of genomic DNA without knowing the sequence.

Each of the serotypes should have DNA fragments of different sizes amplified based on

their unique genomic sequences.  This results in a specific banding pattern for each

serotype when observed on an agarose gel and is the  equivalent of a genomic fingerprint.

By recording the distinctive banding pattern for each serotype it is possible to identify

the A. pleuropneumoniae serotype.

The use of AP-PCR has the advantage of typing bacteria without having the

knowledge of the unique sequences for that serotype.  However, AP-PCR has the

disadvantage of requiring a pure culture free from any contaminating DNA, including

plasmid. It is also often difficult and confusing to interpret serotypes that have complex

or similar banding patterns to other serotypes.

Sirois et al. (1991) developed species-specific primers for the detection of A.

pleuropneumoniae.  By cloning and sequencing a region responsible for hemolysis from A.

pleuropneumoniae, they were able to target an area that was species specific.  The

primers were shown not to amplify DNA from any other bacteria with the exception of

Actinobacillus lignieresii.  However, Gram et al. (1996) reported finding non-specific

reactions with this test from bacteria isolated from tonsil cultures. This suggests that
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more specific primers are needed in order to detect A. pleuropneumoniae from mixed

bacterial cultures.

Summary

The detection of A. pleuropneumoniae is important for the treatment and control

of the disease. The serotyping of A. pleuropneumoniae is also important for these

reasons: it is essential for epidemiological studies on transmission of the disease; effective

vaccination may be dependent on serotype-specific immunization; serotyping is needed

in serodiagnostic studies (Rosendal et al. 1981).

The effectiveness of A. pleuropneumoniae serotyping is dependent on the type of

test selected and the preparation of antigen or antibody.  Although, there is a wide range

of tests to choose from, no single test has proven to be completely satisfactory.  The

rapid slide agglutination and coagglutination tests are commonly used by laboratories for

routine detection and serotyping of bacterial samples.  The complement fixation test and

the ELISA have been commonly used to detect antibody to A. pleuropneumoniae

serotypes.

The recent advent of the use of PCR as a diagnostic tool has offered an alternative

to the traditional immunologically based assays.  Currently, there are methods being

developed to employ PCR as a way to detect and serotype A. pleuropneumoniae.  Once
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unique DNA sequences for each serotype are found, PCR methods are likely to be the

diagnostic tool of choice because of their sensitivity, specificity, and ease of use.
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The Polymerase Chain Reaction and Its Uses in Microbial Detection

History

What is perhaps most intriguing about the origin of the polymerase chain reaction

(PCR) is that all of the basic science and reagents required for the reaction had been

available for at least 10 years prior to the development of the technique.  In 1955, Arthur

Kornberg characterized the enzyme DNA polymerase, the cellular enzyme that is

responsible for DNA repair and replication.  This would become the key discovery that

would later lead to the invention of both  the polymerase chain reaction and the dideoxy

sequencing method.

By the late 1970's radioactive oligonucleotide probes were becoming commercially

available to detect specific fragments of DNA.  Oligonucleotide probes are small

sequences of DNA that are manufactured to bind to a specific complementary sequence

of DNA.  Because the genomic DNA sequences from living organisms are very large, it is

difficult to study and manipulate a small specific region of DNA.  By binding the

oligonucleotide probes to genomic DNA that has been broken into smaller pieces, it is

possible to isolate a much smaller piece of DNA that contains the sequence of interest.
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 Oligonucleotide probes, however, can also serve an alternative function.  By

adding DNA polymerase and nucleotide triphosphates, an entire complementary strand

of DNA can be produced from the oligonucleotide to the end of the DNA fragment.  In

1980, Frederick Sanger used this principle to develop a method of DNA sequencing called

enzymatic or dideoxy sequencing.  This method allows one to determine the individual

bases that make up a DNA sequence.  The discovery eventually triggered the invention of

the polymerase chain reaction.

In 1983, Kary Mullis, a scientist for Cetus Corporation, was trying to develop a

variation of the dideoxy sequencing method while driving to his cabin on a Friday night.

While analyzing the problems associated with using two oligonucleotides simultaneously,

he stumbled across the realization that the sequences would be extended beyond the

oligonucleotide on the opposite end.  Repeating the step multiple times would result in

the amplification of DNA.  This was the birth of the polymerase chain reaction.  The first

publications of this procedure appeared in 1985 (Saiki et al.) and was patented by Perkin-

Elmer Cetus.  The widespread use and importance of this procedure became quickly

evident.  A Medline search of the polymerase chain reaction found 141 references cited in

1988, 697 references in 1989, and 11,541 references by 1995.
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Principles of the Polymerase Chain Reaction

The polymerase chain reaction is an enzymatic reaction that utilizes DNA

polymerase and oligonucleotide primers to amplify fragments of DNA.  The discovery of

Taq polymerase, a thermostable polymerase isolated from Thermus aquaticus, was a

main step forward in making PCR a very simple automated process. Prior to the use of

Taq polymerase, fresh DNA polymerase would have to be added after each denaturation

step.

The polymerase chain reaction is based on a simple theoretical process requiring a

three-step cycling process.  The three steps involved in PCR are: 1) denaturation; 2)

primer annealing; 3) extension.  Double stranded DNA is denatured by heating the

reaction to approximately 95o C for one minute.  This separate the DNA from its

complementary strand and gives the primers a target to bind.  By reducing the

temperature to between 30-70o C depending on the G+C content, the oligonucleotide

primers can anneal to their target sequence.  The temperature is then raised to 72o C, the

optimum temperature for Taq polymerase activity.  The Taq polymerase then extends

the primers in the 3' direction.  One cycle of these three steps takes approximately 5-10

minutes to complete, and a typical PCR run will need about 30-35 cycles (see Fig. 1).

Oligonucleotide primers are designed to bind at positions flanking the DNA region

of interest.  After the DNA strands are separated, the forward primer binds to the sense

strand on one side and the reverse primer binds to the antisense strand on the opposite
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end of the DNA region.  DNA sequences are elongated in the 5' to 3' direction so that

both primers are extended past each other by the end of the first cycle.  When the next

cycle starts the newly replicated DNA separates from the original DNA, and the primer

extension begins again.  After the first few cycles the mass of the major amplified DNA

product is equal to the sum of the two primers plus the DNA region between them.  The

results of the PCR reaction can easily be verified by  determining the size of the DNA

product using electrophoresis.
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Figure 1.1. Schematic diagram of the three steps of PCR: denaturation, annealing, and

elongation. After completing these steps, the cycle is repeated.
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In theory, PCR allows the number of target DNA sequences to double in quantity

after each cycle.  The actual amount of amplification can be expressed as (1+X)n where n

is the number of cycles and X is the average efficiency of each cycle (Gingeras et al.,

1990).  The efficiency of the reaction has been measured by Mullis and Faloona (1987) to

be between 62-85%.   Efficiency of the reactions will decrease in the later cycles because

the increased amount of product will also increase the probability that the DNA strands

will anneal back together again.

Besides the oligonucleotide primers, the template DNA, and the Taq polymerase,

the PCR buffer also contains KCl, Tris-HCl, deoxynucleotide triphosphates, and MgCl2.

The MgCl2 plays a critical role in PCR amplification.  Both the specificity and yield of

the products are very sensitive to varying concentrations of MgCl2 (Oste, 1989). The

precise concentration of MgCl2 needed in the PCR buffer must be determined for each

individual reaction.  A second parameter that must be individually determined is the

annealing temperature of the primers.  By varying the annealing temperature, it is possible

to control the specificity of the primers.  The use of annealing temperatures  lower than

the optimum annealing temperatures may result in non-specific binding and non-specific

products.

The increasing popularity of PCR has resulted in automation of PCR.

Temperatures are now controlled by programmable thermal cyclers.  The thermal cyclers

provide both convenience and increased reliability when running PCR.  Commercial kits
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are  available for optimizing reactions, pre-made buffers, and specialized situations.

However, because of the amplification power of PCR, accidental contamination is always

a concern.  Negative controls should always be used, and extra care should be placed in

setting up a pre-PCR work area and a post-PCR work area to prevent cross-

contamination from amplified products via aerosols (Bej et al., 1991).  In addition, some

“carry-over” contamination from micropipettes can be avoided by designating one set for

pre-PCR work and one set for post-PCR work.

Applications of PCR

Since its inception, the amplification of DNA by PCR has become a valuable tool

for molecular biology.  It has set off a virtual explosion of application ideas.  Today, there

are a number of ingenious variations of the original PCR method that scientists use to

develop new applications.  Some of the most common PCR variants include the use of

degenerate primers, nested primers, multiplex PCR, inverse PCR, single primer, booster

PCR, and anchored PCR (Cooper and Isola, 1990; Haqqi et al., 1988; Bej et al., 1990;

Ochman et al., 1990; Kalman et al.,1990; Ruano et al., 1989; Loh et al., 1989).  PCR has

been used extensively in many fields including, but not limited to, diagnostics, sequencing,

molecular evolution, forensics, and genetic engineering.

Cloning by PCR is a simpler and faster method than standard cloning techniques.

PCR allows restriction sites to be added to DNA fragments and the amplified DNA can
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then be cloned directly into a cloning vector.  This method bypasses the use of

constructing gene libraries, screening recombinant clones, restriction mapping, and

subcloning (Scharf et al., 1986).  PCR methods for constructing cDNA libraries have been

described, as well as methods for screening cDNA recombinants with PCR (Ausch and

Reth, 1990).  DNA sequences cloned by PCR can be sequenced by traditional methods.

However because of the error rate of Taq polymerase when incorporating nucleotides,

direct sequencing by PCR is often preferred (Stoflet et al., 1988).  This method utilizes a

phage promoter in the primers.  The DNA is then transcribed by using a phage

polymerase, and the transcript is sequenced by dideoxy sequencing using reverse

transcriptase.  PCR has been used for various other methods of genetic engineering

including site-directed mutagenesis and gene fusion techniques (Hemsley et al, 1989; Yon

and Fied, 1989).

DNA sequence analysis is one of the most informative methods for studying

evolution and the phylogenetic relationships of different species.  In the past it was often

difficult to produce enough DNA for analysis, but DNA amplification by PCR has

opened the way for analyzing sequence information by increasing the quantity of DNA

from a limited source.  The use of PCR has been applied to mitochondria to study the

origins of the human species (Erlich et al., 1991).   It has also allowed DNA analysis of

ancient samples from organisms that have been extinct for thousands of years (Mullis,

1990).
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Various PCR methods have also played a key role in the Human Genome Project.

PCR techniques have been developed for physical and genetic mapping of human

chromosomes as well as automated sequencing methods (Erlich et al., 1991).  PCR has

also been employed to detect genetic diseases.  Amplified regions of target DNA can be

analyzed for mutations or multialleles by sequencing, hybridization, restriction analysis,

or enzymatic cleavage.  Some of the genetic diseases that have been characterized and

diagnosed by PCR have included sickle cell anemia, hemophilia A, alpha-thalassemia,

beta-thalassemia, phenylketonuria, and Duchenne’s muscular dystrophy (Saiki et al.,

1985; Kogan et al., 1987; Chehab et al., 1987; Cai et al., 1988; DiLella et al., 1988;

Chamberlain et al., 1988).  PCR also allows the identification of an individual from a

single hair or sperm cell (Higuchi et al., 1988).  It can also be used in identifying either the

mother or father of a child (Orrego et al., 1988).

PCR is becoming extremely important in detecting viruses that cause infectious

diseases.  Many viruses can remain dormant for many years in the human body and can

escape detection by serological assays that do not have the sensitivity of PCR.   PCR has

been successfully used to study and detect such viruses as HTLV-I and II, HIV, hepatitis

B, human papillomaviruses, cytomegalovirus, and Epstein-Barr virus (Erlich et al., 1989;

Kwok et al., 1989; Mack and Sninsky, 1988; Ting and Manos, 1990; Demmler et al.,

1988; Saito et al, 1989).



41

PCR and Bacteria

Bacterial identification by PCR has become an increasingly popular method of

microbial diagnosis.  The use of PCR has several distinct advantages over traditional

diagnostic techniques. The genetic specificity provided by species-specific primers gives

a much greater level of specificity than is obtained by immunogenic antigens.  This

specificity is critical in avoiding cross-reactivity that can occur from serological methods

of bacterial identification.  PCR methods also have the advantage of being effective with

both live and dead organisms.  This allows the test to be performed with frozen or

preserved samples that have been stored for indefinite periods of time.  In addition, using

dead organisms provides greater safety when testing for dangerous pathogens.

PCR can also provide results more quickly in some cases.  Organisms that require

long incubation periods for growth, six weeks in the case of Mycobacterium tuberculosis,

can be identified by PCR without delay (DeWit et al., 1990).  The sensitivity of the PCR

assay is also impressive. It is not uncommon for scientists to report the ability to detect

less than 10 organisms in a sample by PCR.  This sensitivity is a result of the tremendous

amplification power of PCR and gives innumerable uses in the field of diagnostics and

molecular biology.

There are several options to determine a suitable target for diagnostic purposes.

The arbitrarily primed PCR is a method that takes advantage of PCR without prior

knowledge of specific sequences (Welsh and McClelland, 1990).  By selecting arbitrary
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primers, it is possible to get a DNA profile of the bacterial genome.  This profile should

appear consistently when using the same primers under the same condition.  This method

can be effective for both species identification and serotyping. Unfortunately, this

method of identification can be unreliable.  The assay is highly subject to contamination

and can only use pure samples of bacterial colonies or DNA.  Any type of DNA

contamination, including plasmid, can have a deleterious effect on the test.  In addition, all

conditions when performing the test must be highly standardized because even a slight

change in conditions may effect the results.

Another target for bacterial identification by PCR is based on the 16S rRNA

primer selection (Ward et al., 1992).  The 16S rRNA contains regions of highly conserved

sequences that are found in all bacteria.  Between these highly conserved sequences are

regions that posses moderately to highly variable sequences of DNA.  Because primers to

the conserved sequences will work with virtually any bacteria, the variable regions of a

great number of bacteria have already been sequenced.  This information was originally

used as a phylogenetic tool to classify the phylum, genus, and species of an organism

(Weisburg et al., 1991).  Today, these variable sequences are being used to select PCR

primer targets for the identification of bacterial species.

A third type of primer target for bacterial identification by PCR is a species-

specific gene sequence.  However, finding a unique gene sequence that has already been

characterized for a particular bacterium can be difficult.  These sequences are often
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discovered by determining unique antigens that are presented by the bacterium.  PCR

using specific primers has successfully identified organisms such as Bordetella pertussis,

enterotoxigenic Escherichia coli, and Shigella by targeting the genes that encode for the

unique toxins produced by these organisms (Houard et al., 1989; Frankel et al., 1989).

Summary

The use of PCR has become increasingly popular in microbial diagnostics as well

as other areas of molecular biology.  The tremendous amplification power of PCR has

resulted in countless uses and applications of the procedures as well as multiple

variations of the technique.  Although PCR is not commonly used for routine diagnosis

today, it is becoming increasingly simple and inexpensive to run.  The key reagents for a

PCR reaction include: primers, Taq polymerase, MgCl2, and the PCR buffer.  Special

attention must also be given to avoiding contamination.  PCR has been used extensively in

such areas as diagnostics, sequencing, molecular evolution, forensics, and genetic

engineering.

Identifying bacteria by PCR has several advantages over traditional methods of

identification.  PCR can identify both live and dead organisms with little preparation; it is

often far more sensitive than other forms of identification; and the use of specific primers

avoids the possibility of cross-reactivity that is often associated with immunological
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assays.  With the simplification of performing PCR by the number of commercial kits

already available, PCR diagnostics appears to be a wave of the future.



45

CHAPTER 2

Detection and Identification of Actinobacillus pleuropneumoniae

Serotype 5 by Multiplex PCR

ABSTRACT

A multiplex polymerase chain reaction (PCR) assay was developed to detect

Actinobacillus pleuropneumoniae and to distinguish serotype 5 strains. Primers specific

to the conserved export and serotype-specific biosynthesis regions of the capsular

polysaccharide of A. pleuropneumoniae serotype 5 were used to amplify 0.7 kb and 1.1

kb DNA fragments, respectively. The 0.7 kb fragment was not amplified by any

heterologous species from swine tested, but was amplified by all A. pleuropneumoniae

strains tested with the exception of serotype 4. In contrast, amplification of the 1.1 kb

fragment was specific for serotype 5 strains. The assay was able to detect A.

pleuropneumoniae and identify serotype 5 strains from lung tissue samples taken from

infected swine. The sensitivity of the assay was less than 102 colony forming units. This

PCR assay enabled us to detect A. pleuropneumoniae rapidly and to distinguish serotype

5 strains from other serotypes. The use of primers specific to the biosynthesis regions of

other A. pleuropneumoniae serotypes would expand the diagnostic and epidemiologic

capabilities of this assay.
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INTRODUCTION

Actinobacillus pleuropneumoniae is the etiological agent of swine

pleuropneumonia, a highly contagious and sometimes fatal disease.  Current attempts to

control the disease have been unsuccessful and have resulted in large economic losses to

the swine industry (Willson et al., 1987).  Response to an infection can vary from sudden

death, to chronic coughing and weight loss, to subclinical symptoms (Nicolet, 1992).

Because the disease can be transmitted quickly throughout the herd, early detection of the

bacteria is important for control and treatment of the disease.  Mortality in acute

outbreaks have been reported to be as high as 40% in some cases (Fedorka-Cray et al.,

1993).  Chronically infected swine have reduced weight gain, higher medication costs, and

reduced market value (MacInnes and Rosendal, 1988). In addition, animals with

subclinical infections are prevalent in some areas. These animals have decreased growth

gains and increase the risk of an acute outbreak in the herd (Brandreth and Smith, 1985).

A. pleuropneumoniae is a gram-negative, encapsulated, nonmotile, coccobacillus

that can be either NAD-dependent (biovar 1)  or NAD-independent (biovar 2) (Shope,

1964; Niven and Levesque, 1988).  Serotype specificity is determined by the unique

capsular polysaccharide found on the surface of A. pleuropneumoniae (Inzana and

Mathison, 1987a).  A. pleuropneumoniae has been classified into 12 distinct serotypes

that vary in virulence. Specific serotypes predominate in different geographic regions

(Rosendal et al., 1985; Rogers et al., 1990; Sebunya and Saunders, 1983).    In the United
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States, serotype 5 is one of the most commonly identified A. pleuropneumoniae isolates

(Sebunya and Saunders, 1983).  Serotyping is important in understanding how the disease

is spread, for treatment, and for prevention.  Several methods of serotyping A.

pleuropneumoniae have been developed based on serologic assays.  However, these

methods may have problems with specificity.  Cross-reactivity has been reported

between serotypes 1, 9, and 12, between serotypes 3 and 6, and between serotypes 5 and

7 (Perry et al., 1990; Fedorka-Cray et al., 1993) .  These cross-reactions are most likely

due to shared species-specific antigens such as lipopolysaccharides or type-specific

shared capsular polysaccharides (Nicolet, 1988).

The polymerase chain reaction (PCR) has become a powerful and increasingly

popular tool in microbial identification.  Its ability to detect genetic sequences from

minute quantities of DNA gives it several potential advantages over the traditional

serologic forms of detection.  First, the genetic basis of the assay avoids problems with

cross reactivity between antigen-antibody reactions.  This may also provide a potential

method for serotyping strains that have been previously characterized as untypeable.

Second, the tremendous amplification power of PCR makes it extremely sensitive.  Third,

PCR detection can be performed directly on samples without waiting for culture of the

bacteria.

Recently, a portion of the capsular region of A. pleuropneumonia serotype 5 was

cloned and sequenced by Ward and Inzana (1995).  The organization of capsule genes of
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A. pleuropneumoniae shows striking similarity to that of other group II capsule genes.

Species in this group include encapsulated Haemophilus influenzae, Escherichia coli, and

Neisseria meningitidis (Frosch et al., 1991). Each of these species contains a central

serotype-specific DNA region responsible for encoding capsular polysaccharide

biosynthesis.  Flanking the biosynthesis region are DNA sequences that are necessary for

capsular polysaccharide export.  The export regions of each species that produces group

II family capsules has been shown to have substantial homology among the group II

species (Frosch et al., 1991).

A Southern blot was used to identify a portion of the capsular region of A.

pleuropneumoniae serotype 5 strain J45 by using a probe of the H. influenzae type b

capsulation (capb) locus (Ward, 1995).  The H. influenzae probe was able to hybridize

with the A. pleuropneumoniae capsule fragment at medium-to-low stringency, indicating

that the two species share DNA homology at this capsule locus.  After cloning the

homologous A. pleuropneumoniae fragment, a sequence analysis was performed.  The

sequenced portion consisted of a region of export genes (cpx) and a region of biosynthesis

genes (cps).  Homology of the cpx region to other A. pleuropneumoniae serotypes was

shown by hybridization of a serotype 5 cpx probe to serotypes 1, 2, 7, and 9.  The

ability of the cpx probe to hybridize under stringent conditions with other serotypes is

consistent with the conserved nature of the export genes of group II capsules.

Hybridization studies of the cps region were also repeated with serotypes 1, 2, 7, and 9,



49

but the serotype 5 cps probe was unable to hybridize to any  A. pleuropneumoniae

serotype other than serotype 5. As in other organisms with group II capsules, the

hybridization results indicated that the biosynthesis region was serotype specific (Ward,

1995).

Previous attempts to utilize PCR for detection and serotyping of A.

pleuropneumoniae have been reported.  Hennessy et al. (1993) reported the use of an

arbitrarily primed polymerase chain reaction (AP-PCR) for serotyping A.

pleuropneumoniae.  This type of PCR method has the disadvantage of requiring pure

bacterial samples for testing and is highly susceptible to contamination.  Field samples

must first be plated and incubated overnight.  Individual colonies are then picked the next

day and assayed by AP-PCR.  This results in the loss of at least a 24 hour period of time

as well as some of the additional difficulties associated with using AP-PCR.  Sirois et al.

(1991) described the use of uncharacterized primers that were found to be specific for A.

pleuropneumoniae.  Although the method provided an increased level of detection, these

primers were only able to reliably detect A. pleuropneumoniae when pure culture samples

were used.  Samples of mixed bacterial cultures from tonsils sometimes showed non-

specific PCR products.  This makes the identification of A. pleuropneumoniae from field

samples extremely problematic.

The cloning and sequencing of the capsule region of A. pleuropneumoniae

serotype 5 in combination with PCR provides a unique method for detecting A.
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pleuropneumoniae and identifying serotype 5.  Because each serotype is distinguished by

its capsule, specific primers to the capsular polysaccharide biosynthesis region should be

able to identify individual serotypes.  In addition, the conserved genes in the capsular

polysaccharide export loci may provide a target that is conserved by all 12 serotypes, but

is also specific for A. pleuropneumoniae.

MATERIALS AND METHODS

Strains and cell cultures. All bacterial strains used in this study are described in

Table 2.1. A. pleuropneumoniae strain J45 serotype 5 was provided by B. Fenwick

(Kansas State University, Manhattan), strain 53 serotype 7 was provided by M. Mulks

(Michigan State University, East Lansing), serotype 9 was provided by J. Nicolet

(University of Berne, Switzerland), strain 56153 serotype 11 was provided by M. Rider

(Kansas State University) and strain 405 serotype 8, strain D13039 serotype 10, and

strain 8329 serotype 12 were provided by K. Mittal (University of Montreal, Quebec).

B. bronchipseptica strains were provided by H. Veit. All bacterial strains were grown at

37o C on brain heart infusion (BHI) agar plates (Difco Laboratories, Detroit, MI)

containing 5 µg/ml nicotinamide adenine nucleotide (NAD) or in BHI broth containing 5

µg/ml of NAD, with shaking (BHI/NAD).
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Table 2.1. Bacterial strains and their sources.

Species Serotype Strain Source

A. pleuropneumoniae Serotype 1 4074 ATCC
A. pleuropneumoniae Serotype 2 27089 ATCC
A. pleuropneumoniae Serotype 3 27090 ATCC
A. pleuropneumoniae Serotype 4 33378 ATCC
A. pleuropneumoniae Serotype 5 K17 ATCC
A. pleuropneumoniae Serotype 5 J45 B. Fenwick
A. pleuropneumoniae Serotype 6 33590 ATCC
A. pleuropneumoniae Serotype 7 53 Mulks
A. pleuropneumoniae Serotype 8 405 K. Mittal
A. pleuropneumoniae Serotype 9 J. Nicolet
A. pleuropneumoniae Serotype 10 D13039 K. Mittal
A. pleuropneumoniae Serotype 11 56153 M. Rider
A. pleuropneumoniae Serotype 12 8329 K. Mittal
A. suis 33415 ATCC
H. parasuis field isolate Rollins Diagnostic

Lab, NC
S. suis field isolate Rollins Diagnostic

Lab, NC
P. multocida field isolate Rollins Diagnostic

Lab, NC
B. bronchiseptica PI-53 H. Veit
S. choleraesuis field isolate Rollins Diagnostic

Lab, NC
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Tissue and nasal swab samples. Lung tissue samples were taken from pigs

challenged intratracheally with 5 X 107 colony forming units (CFU’s) of A.

pleuropneumoniae J45. The lung tissue samples were taken at necropsy in 1991 and

stored at -20o C (Inzana et al., 1993). Nasal swabs were obtained from pigs challenged

with 1 x 108 CFU’s of A. pleuropneumoniae J45 and stored at -20o C.(Inzana, 1995).

DNA Isolation. Purification of genomic A. pleuropneumoniae DNA was

performed by phenol/chloroform extraction as previously described (Ward and Inzana,

1997). Briefly, A. pleuropneumoniae cells were suspended in Tris-EDTA and incubated

at 37o C for 1 hour in 0.66% sodium dodecyl sulfate and 100 µg/ml RNAse. The

suspension was then incubated an additional hour at 56o C with 100 µg/ml of Proteidae K.

The DNA was then purified by repeated phenol/chloroform extractions (Amresco Inc.,

Solon, OH). Genomic DNA was precipitated from the aqueous phase by adding 0.3

volumes of 3 M sodium acetate and 2.5 volumes of 95% ethanol. The DNA precipitate

was then dried and resuspended in sterile water.

Multiplex PCR

Sample Preparation. Rapid preparation of DNA from whole bacterial cells for

PCR was performed by suspending  a loopful of colonies in 100 µl of water.  The

suspended cells were lysed by heating at 100o C for 10 minutes. The lysed cells were

centrifuged, and the supernatant containing the bacterial DNA was removed and frozen at

-20oC until needed.  Rapid preparation of bacterial DNA from lung tissue samples was

performed in a similar manner to the bacterial preparation. The tissue was sectioned into

thin slices of approximately 2 mm in length.  The sectioned tissue was then mashed and
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vortexed in 100 µl of water.  The suspended tissue was boiled at 100o C for 10 minutes.

The cellular extract was then centrifuged, and the supernatant containing the DNA was

removed and frozen at -20o C until ready for use.

Primers. Oligonucleotide primers were selected by using the DNA Star Primer

Select software (Madison, WI). Primers A and B were targeted to the cps region of A.

pleuropneumoniae serotype 5; primers C and D were targeted to the cpx region of A.

pleuropneumoniae serotype 5 (Fig. 2.1). The primers were selected based on the

following parameters: primer length, product length, product location, hairpin formations,

dimer formations, and annealing temperature. The sequences for the oligonucleotide

primers are given in Table 2.2.
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Table 2.2 Primer sequences.

Name Sequence Primer
Length

Product
Length

Forward Primer
Biosynthesis Region

A 5'-TTTATCACTATCA
CCGTCCACACCT-3'

25 bp 1114 bp

Reverse Primer
Biosynthesis Region

B 5'-CATTCGGGTCTT
GTGGCTACTAAA-3'

23 bp

Forward Primer
Export Region

C 5'-TGGCGATACCGG
AAACAGAGTC-3'

22 bp  715 bp

Reverse Primer
Export Region

D 5'-GCGAAAGGCTATG
GTATGGGTATGG-3'

24 bp
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                      1.0                  2.0                  3.0                 4.0                  5.0                  6.0                  7.0                 8.0 

    cpxA     cpx B              cpx C                   cpxD                          cps A                     cps B               cps C

  C          D                     A           B

Figure 2.1. Map of the sequenced capsular region of A. pleuropneumoniae serotype 5
and the location of the cpx and cps primers.
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PCR Conditions. PCR reactions were performed in a total volume of 50 µl and

were based on the description given by Saiki et al. (1988). Master mixes for PCR

reactions were made fresh in batches of 750 µl.  Each final reaction contained 10 mM

Tris, 50 mM KCl, 2 mM MgCl2, 400 µM each dATP, dCTP, dGTP, and dTTP, and 480

µM of each primer, A, B, C, and D. Five µl of template DNA thawed at room

temperature were added to 45 µl of the master mix for each reaction. The reactions were

then overlaid with 50 µl of mineral oil to prevent evaporation.

The PCR reactions were performed in an Omnigene thermal cycler (Hybaid

Unlimited). The template DNA was denatured at 94o C for 2 minutes, and then 2.5 U of

Taq polymerase (Fisher Scientific, Atlanta, GA) was added. A total of 30 cycles of PCR

was performed with each cycle consisting of 1 minute of denaturation at 94o C, 2 minutes

of annealing at 54o C, and 2 minutes of extension at 72o C.

Detection The amplified PCR products were detected by electrophoresis. Twelve

µl of each PCR reaction was loaded into a 0.7% agarose gel containing 0.5% ethidium

bromide. The DNA was electrophoresed through the gel at 90V using a Biorad

Laboratories (Hercules, CA) electrophoresis unit. The products were visualized by

exposure to UV light.
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Sensitivity. One milliliter of BHI/NAD broth that had been innoculated overnight with

J45 was added to 10 milliliters of BHI/NAD broth in a side-arm flask.  The culture was

incubated at 37o C for 2.5 hours until a Klett reading of 175 (equivalent to 1 x 109

CFU’s/ml) was reached.  Ten µl of culture was added to 990 µl of sterile water and

vortexed.  The mixture was then serially diluted by adding 10 µl of the mix to 90 µl of

sterile water giving dilutions of 106 to 102 colonies per milliliter.  Twenty µl of the 104

dilution were plated to give approximately 200 colonies.  The diluted samples were then

boiled for 10 minutes, and 5 µl of each dilution were used as DNA template for PCR

amplification.

Probes. A cpx probe was manufactured by PCR and labeled with digoxigenin-11-

UTP (DIG-dUTP) labeling (GeniusTM System, Boehringer Mannheim, Indianapolis, IN).

The same cpx primers that were used for the multiplex PCR assay were used to produce

an identical 0.7 kb fragment. The PCR reaction consisted of the following quantities of

reagents: 48.5 µl of sterile H2O, 10 µl of Taq 10X buffer B (Fisher Scientific, Atlanta,

GA), 2 µl of 10mM dATP, 2 µl of 10mM dCTP, 2 µl of 10 mM dGTP, 1.4 µl of 10mM

dTTP, 6 µl of DIG-dUTP, 15 µl of 25 mM MgCl2, 1.5 µl of 20 µM of cpx forward

primer, 1.5 µl of 20 µM of cpx reverse primer, and 10 µl of A. pleuropneumoniae

template DNA. The PCR product was verified by gel electrophoresis. A cps probe was

manufactured by random primed labeling. A PCR fragment was produced with the cps

primer and using similar conditions as the cpx probe with the exception of the Dig-dUTP.

The product was then purified through Promega (Madison, WI) spin columns and labeled

according to the procedure in the GeniusTM System manual.
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Southern Blotting. A Southern blot was performed on organisms that produced non-

specific products from the cpx and cps primers. Transfer of DNA from agarose gels to

MagnaGraph nylon membranes (Micron Separations Inc., Westboro, MA) were carried

out by the reverse blot method (ref Current Protocols in Molecular Biology).  DNA was

covalently linked to the nylon membranes by ultraviolet irradiation using a UV

Stratalinker (Stratagene, La Jolla, CA).  The hybridizations were performed under high

stringency at a temperature of 68o C and at 5X SSC.  All other hybridization procedures

were done following the manufacturer’s recommendation.  Ten µl of the cps probe were

added to 25 ml of the prehybridization solution to be used as the hybridization solution

for cps products, and 5 µl of the cpx probe was added to 25 ml of prehybridization buffer

for use as the hybridization solution for cpx products.  The membranes were washed and

developed as recommended by the manufacturer.

RESULTS

Assay of serotype 5 genomic DNA

Two primers pairs were designed from the sequenced DNA of the A.

pleuropneumoniae serotype 5 capsular region. The four primers are listed in Table 2.2.

Primers A and B were designed to target the serotype-specific cps loci, while primers C

and D targeted the serotype-conserved cpx loci. PCR products that are 0.7 kb in size and

are consistent with expected product of primers C and D will be referred to as the cpx
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product; products that are 1.1 kb in size and are consistent with expected product of

primers A and B will be referred to as the cps product.

Amplification of purified A. pleuropneumoniae J45 genomic DNA resulted in a

single product when using the cps primers A and B.  The product was detected as a 1.1

kb band by electrophoresis of the DNA through an ethidium-stained agarose gel.

Amplification of purified J45 genomic DNA also resulted in a single product when using

the cpx primers C and D.  This product resulted in a band that was determined to be 0.7

kb in size.  When both the cpx and cps sets of primers were added to a single PCR tube,

products of 1.1 kb and 0.7 kb could be detected (Fig. 2.2).  Both products were consistent

with the sizes predicted from the sequenced data of those regions.
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Figure 2.2. Agarose gel electrophoresis of PCR products from A. pleuropneumoniae
serotype 5 genomic DNA. Lane 1, 1-kb DNA ladder; lane 2, cps primers A and B; lane 3,
cpx primers C and D; lane 4, primers A, B, C, and D.
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Assay optimization

The multiplex PCR assay was optimized using bacterial samples of serotype 5.

The magnesium concentrations used for the assay were varied from 1 mM to 7.5 mM;

annealing temperatures used for the assay were varied from 49o C to  55o C. These

conditions did not seem to affect the amplification of the 1.1 kb cps or 0.7 kb cpx bands

as no differences in the intensity of the bands was observed when the conditions were

altered.  Initially, the optimum conditions for assaying serotype 5 samples were

performed at 5 mM MgCl2 and at an annealing temperature of 54o C.

The multiplex PCR assay was then applied to whole cells of the type strains of all

12 A. pleuropneumoniae serotypes. The following parameters were adjusted to optimize

the multiplex PCR assay for all serotypes: annealing temperature, primer concentration,

Taq polymerase concentration, and MgCl2 concentration. Non-specific products were

observed from some serotypes under the conditions used for serotype 5.  For serotypes

2, 3, 6, and 7, a band slightly larger than the 1.1  kb cps band was produced.

Amplification of serotype 4 DNA  produced a band that was approximately 1.3 kb in

size, but did not amplify the 0.7 kb cpx product. In addition, non-specific bands of

various sizes were often amplified in the background of some serotypes. An example of

this is shown in Figure 2.3 for serotypes 1-6 at a MgCl2 concentration of 5 mM.

Serotypes 5, 9, 11, and 12 appeared to produce more intense bands than the other

serotypes. Lowering the concentration of MgCl2 resulted in progressively fainter to non-

detectable cpx bands in serotypes 1, 2, 3, 6, 7, 8, and 10, whereas the effects on serotypes
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9, 11, and 12 were less noticeable. No cpx band was detected with serotype 4 under any

conditions.
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Figure 2.3. Agarose gel electrophoresis of PCR products of amplified from whole cells of
serotypes 1-6 at a MgCl2 concentration of 5 mM. Lane 1, 1-kb DNA ladder; lanes 2
through 7, the PCR products from serotypes 1-6, respectively, amplified with primers A,
B, C, and D.
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Annealing temperatures were varied from 49o C to 56o C. Increasing the annealing

temperature to eliminate the non-specific products also resulted in the loss of specific

PCR products, and therefore did not help to optimize the  assay.

In order to eliminate the non-specific products similar in size to the cps product

bands observed in serotypes 2, 3, 6, and 7, without eliminating the 0.7 kb cpx band, the

concentration of the cps primers A and B was systematically reduced from a starting

concentration of 480 µM to a final concentration of 25 µM.  Figure 2.4 depicts the results

of reducing the cps primers to 25 µM for serotypes 1-6. Although the non-specific bands

in 2, 3, and 6 showed a marked reduction of amplification, the intensity of 1.1 kb band

from serotype 5 was also substantially reduced.
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Figure 2.4. Agarose gel electrophoresis of PCR products of bacterial samples of
serotypes 1-6 with primers A and B reduced to 25 µM and primers C and D at 480 µM.
Lane 1, 1-kb DNA ladder; lanes 2 through 7 contain the PCR products from serotypes 1-
6, respectively.
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The inability to eliminate the non-specific bands by reducing the cps primer concentration

suggested that the non-specific bands may have been amplified other primers. To

determine which primers were responsible for generating the non-specific bands, bacterial

samples of serotypes 2 and 4 were amplified with only a single pair of primers at a time.

Figure 2.5 and Figure 2.6 illustrate the results using the following combination of primers

for serotypes 2 and 4, respectively: A and B; C and D; A and D; or C and B.  A band

similar in size to the 1.1 kb cpx product was amplilfied from serotype 2 with primers A

and B, C and D, and primers C and B.  Similarly, the 1.3 kb band produced from serotype

4 was amplified from one cps primer, primer A,  and one cpx primer, primer D. This

indicated that the non-specific band amplified from the DNA of serotypes 2 and 4 could

not be eliminated by reducing the cps primers because the non-specific band was

amplified from cpx primers as well as cps primers.
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Figure 2.5. Agarose gel electrophoresis of serotype 2 PCR products amplified from
various combinations of primer pairs. Lane 1, 1-kb DNA ladder; lanes 2-5, products
amplified from primers A and B; primers C and D; primers A and D; and  primers C and
B, respectively.
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Figure 2.6. Agarose gel electrophoresis of serotype 4 PCR products amplified from
various combinations of primer pairs. Lane 1, 1-kb DNA ladder; lanes 2-5, products
amplified from primers A and B; primers C and D; primers A and D; and  primers C and
B, respectively.
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The effect of the Taq polymerase concentration was examined on PCR products

in volumes of 50 µl and 100 µl. Figure 2.7 depicts serotype 2 products and the effect of

varying the Taq polymerase concentrations when the MgCl2 concentration was 2 mM. At

2.5 U of Taq polymerase in 100 µl reaction volumes, no amplified products were visible.

However, at 7.5 U  of Taq polymerase in 100 µl reactions, the cpx band is visible as well

as a faint non-specific band similar in size to the 1.1 kb cps product. In the 50 µl reaction

volumes, 2.5 U of Taq polymerase resulted in the amplification of the cpx band without

the amplification of non-specific products. At 7.5 U of Taq polymerase, both the cpx

band and the non-specific band are clearly visible. This indicated the concentration of Taq

polymerase had a pronounced effect on the amplification of PCR products.
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Figure 2.7. Agarose gel electrophoresis of amplified PCR products when the
concentration of Taq polymerase is varied using serotype 2 template DNA. Lane 1, 1-kb
DNA ladder; lane 2, 2.5 U Taq polymerase in 50 µl; lane 3, 5 U Taq polymerase in 50 µl;
lane 4, 7.5 U Taq polymerase in 50 µl; lane 5, 2.5 U Taq polymerase in 100 µl; lane 6, 5
U Taq polymerase in 100 µl; lane 7, 7.5 U Taq polymerase in 100 µl.
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Increasing the MgCl2 concentration also resulted in an increase of non-specific

products for serotypes 2 and 4. Figure 2.8 shows the effect of varying the MgCl2

concentration from 2 mM to 7.5 mM for serotype 2. Using 2 mM  MgCl2 only the cpx

band was visible. However, as MgCl2 was increased from 2 mM to 5 mM, there was a

noticeable increase in non-specific banding. When the concentration of MgCl2 was greater

than 5mM,the amount of non-specific bands began to decrease. Thus, the optimum

specificity of the multiplex PCR assay with bacterial samples required 2 mM MgCl2,

while maximum sensitivity required 5 mM MgCl2.



72

Figure 2.8. Agarose gel electrophoresis of DNA products from bacterial samples of
serotype 2 at varying MgCl2 concentrations. Lane 1, 1-kb DNA ladder; lane 2, 2 mM
MgCl2; lane 3, 3 mM MgCl2; lane 4, 4 mM MgCl2; lane 5, 5 mM MgCl2; lane 6, 6 mM
MgCl2; lane 7, 7.5 mM MgCl2.
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The sensitivity and specificity of the multiplex PCR assay was also influenced by

the sample type. In order to visualize the differences in DNA amplification for different

sample types under the same conditions, the multiplex PCR assay was run at 5 mM

MgCl2 for the following serotype 2 sample types: Purified genomic DNA; rapidly

prepared genomic DNA; boiled bacterial cells; boiled lung tissue; and boiled nasal swabs.

Figure 2.14 shows that nonspecific bands at higher molecular weights were produced from

the genomic DNA samples, while products that are more intense at the lower molecular

weights were obtained from the boiled bacterial sample. The boiled lung tissue sample

produced a very faint 0.7 kb cpx band, and the nasal swab sample did not produce any

visible bands. While specificity increased from “pure” samples to “dirty” samples, the

sensitivity was decreased.
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Figure 2.9. Agarose gel electrophoresis of PCR products of various serotype 2 sample
types amplified with primers A-D at a MgCl2 concentration of 5 mM. Lane 1, 1-kb DNA
ladder, lane 2, purified genomic DNA; lane 3, rapidly prepared genomic DNA; lane 4,
bacterial sample; lane 5, lung tissue sample; lane 6, Qiagen prepared nasal swab sample,
lane 7, boiled nasal swab sample.
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The optimum conditions for the multiplex PCR assay using samples of bacterial

cells were determined to be: 2.5 U of Taq DNA Polymerase, 10 mM Tris HCl, 50 mM

KCl, 2 mM MgCl2, 400 µM dNTP’s, 480 µM of each primer, and 5 µl of bacterial

sample, all mixed in a final volume of 50 µl. Figure 2.10 shows serotypes 1-12 assayed at

these optimum conditions.  With the exception of serotype 4, all of the other 11

serotypes produced a band of 0.7 kb in size. In addition, only serotype 5 had a PCR

product of 1.1 kb .
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Figure 2.10. Agarose gel electrophoresis of PCR products from bacterial samples of
serotypes 1-12 at a MgCl2 concentration of 2 mM. Lane 1, 1-kb DNA ladder; lanes 2
through 14, the PCR products from serotypes 1-12, respectively, amplified with primers
A, B, C, and D; lane 15, 1-kb DNA ladder.
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Assay sensitivity

The sensitivity of the multiplex PCR assay was determined for strain J45 whole

bacterial cells.  The cells were grown in broth to mid-log phase, and harvested at this time

to minimize the number of dead bacteria present in the sample.  Both the 0.7 kb cpx and

1.1 kb cps PCR products could be visualized by gel electrophoresis for at least 1 x 102

CFU’s (Fig. 2.11). The use of reagents such as SDS or lysozyme prior to the crude

preparation of cells had no substantial effect.  There was no noticeable increase or

decrease in sensitivity or quantity of amplified product when these reagents were used.

Centrifugation of the crude extract after the cells were boiled was important to avoid

decreased sensitivity for PCR preparation.  In addition, detection of PCR products was

diminished from cells that had been grown in BHI broth unless they were washed prior to

preparation. Other methods used to improve the specificity of the primers, such as

varying the annealing temperature, were found to be ineffective.
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Figure 2.11. Sensitivity of the PCR assay for serotype 5 samples of bacterial cells. Lane
1, 1 x 106 cells; lane 2, 1 x 105 cells; lane 3, 1 x 104 cells; lane 4, 1 x 103 cells; lane 5, 1 x
102 cells; lane 6, 1 x 10 cells; lane 7, 1-kb DNA ladder.
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Assay specificity

PCR with the cps and cpx primers was also performed on six swine respiratory

pathogens (Fig. 2.12).  No amplified products were made from three species by the

multiplex PCR assay:  A. suis, B. bronchiseptica, or S. choleraesuis. However, PCR

products of various sizes were made from P. multocida, H. parasuis , and S. suis.  A band

of approximately 1.5 kb was made from P. multocida.  Two sets of double bands were

made from H. parasuis .  The first set of bands appeared to have one band slightly larger

than the 0.7 kb cpx band and one band slightly smaller; the second set of bands were of

undetermined smaller molecular size.  A band of similar size to the 0.7 kb cpx band was

made from the S. suis genome.
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Figure. 2.12. Agarose gel electrophoresis of the PCR products of bacterial samples of
respiratory swine pathogens amplified with primers A-D. Lane 1, A. pleuropneumoniae
serotype 5; lane 2, A. suis; lane 3, B. bronchiseptica; lane 4, H. parasuis; lane 5, P.
multocida; lane 6, S. choleraesuis; lane 7, S. suis; lane 8, 1-kb DNA ladder.
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Hybridization analysis was performed on the three non-A. pleuropneumoniae

species from which DNA products were amplified, as well as A. pleuropneumoniae

serotypes 2 and 4.  The multiplex PCR assay was performed at a MgCl2 concentration of

5 mM in order to amplify all possible PCR products (Fig. 2.13a). The bands were first

probed with a labeled PCR product generated by the cpx primers C and D from A.

pleuropneumoniae serotype 5.  Hybridization of the probe to the other PCR products

was performed at a high stringency of 68o C and 5X SSC.  There was no hybridization of

the probe to any of the bands produced by serotype 4 or the three non-A.

pleuropneumoniae species (Fig. 2.13b).  The cpx probe only hybridized to the 0.7 kb cpx

bands produced by serotype 2 and the serotype 5 positive control. A second Southern

hybridization was performed with the labeled product of cps primers A and. The cps

probe hybridized to a band slightly less than 1.0 kb in serotypes 2 and 4 as well as the

1.1 cps band of serotype 5. The cps probe did not hybridize to any products from the

other respiratory pathogens.
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Figure 2.13a. Agarose gel electrophoresis of the PCR products from bacterial samples
used for Southern hybridizations. Lane 1, serotype 2; lane 2, serotype 4; lane 3, serotype
5; lane 4, S. suis; lane 5, P. multocida; lane 6, H. parasuis .
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Figure 2.13b. Southern blot of the PCR products from bacterial samples hybridized with
a cpx probe. Lane 1, serotype 2; lane 2, serotype 4; lane 3, serotype 5; lane 4, S. suis; lane
5, P. multocida; lane 6, H. parasuis .



84

Assay of clinical specimens

The multiplex PCR was used to determine if A. pleuropneumoniae serotypes 1, 2,

and 5 DNA could be detected from lung tissue of infected swine (Fig. 2.14). The assay

was unable to detect any amplified product from serotype 1 samples. Serotype 2 samples

either produced a very faint 0.7 kb band (lane 4 of Figure 14) or no visible product.

Serotype 5 samples gave two distinct products consistent with the 0.7 kb cpx band and

the 1.1 kb cps band.  The PCR assay on lung tissue was performed at a MgCl2

concentration of 5 mM to enhance sensitivity.
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Figure 2.14. Agarose gel electrophoresis of PCR products from lung tissue samples taken
from swine that had been infected with serotypes 1, 2, or 5. Lane 1, 1-kb DNA ladder;
lane 2, serotype 1; lane 3, serotype 2, sample 1; lane 4, serotype 2, sample 2; lane 5,
serotype 5.
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Attempts to detect A. pleuropneumoniae serotypes 2 and 5 using the multiplex

PCR assay were unsuccessful from nasal swabs.  No PCR products were detected from

any of the swabs tested when using the boiling protocol for sample preparation or when

prepared using the Qiagen tissue preparation kit. However, serologic assays (latex

agglutination) and culture did not confirm that any bacteria were present in these

specimens.

To determine if the samples themselves were inhibiting the assay, genomic DNA

from serotypes 2 or 4 were added to the corresponding nasal swab sample. Figure 2.15

shows the bands produced from the Qiagen preparations, boiled preparations, and

samples taken directly from the nasal swabs. PCR amplification of  the Qiagen prepared

samples appeared to amplify the genomic DNA without noticeable differences from the

standard conditions of genomic amplification. However, the other 2 samples gave no

products for serotype 2 and reduced amplification for serotype 5.
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Figure 2.15. Agarose gel electrophoresis of the PCR products from genomic DNA of the
appropriate serotype added to nasal swab samples. Lane 1, 1-kb DNA ladder; lane 2,
serotype 2 Qiagen sample; lane 3, serotype 5 Qiagen sample; lane 4, serotype 2 boiled
sample; lane 5, serotype 5 boiled sample; lane 6, serotype 2 sample; lane 7, serotype 5
sample.



88

DISCUSSION

 A. pleuropneumoniae serotypes are distinguished by their unique capsular

polysaccharide (Inzana and Mathison., 1987a). Because cross-reactions often occur from

serotyping with traditional serologic assays, PCR offers a practical alternative that does

not employ antigens or antibodies.  This attribute makes capsule genes an ideal target for

typing by PCR.  Falla et al. (1994) previously reported using primers from the capsular

DNA region as a reliable method for the typing of H. influenzae by PCR. To date, a

reliable method for serotyping A. pleuropneumoniae by PCR has not yet been

established. Hennessy et al. (1993) have proposed an arbitrarily primed PCR assay for

serotyping A. pleuropneumoniae, but this method can only be used with pure A.

pleuropneumoniae template. The current describes the first use of primers to target

capsular DNA regions to simultaneously identify the species and serotype of A.

pleuropneumoniae.

Both the cps and cpx regions of serotype 5 DNA were successfully amplified with

samples of purified DNA, bacterial colonies, and lung tissue. Combining the primers

together did not require any change in PCR conditions. The use of multiplex PCR

provided the  advantage of using multiple primer sets in a single reaction and

simultaneously determining both the species and the serotype: in this case A.

pleuropneumoniae and serotype 5. The detectable limit of the PCR products of serotype

5 by agarose gel electrophoresis was less than 1 x 102 CFU’s.

The presence of non-specific bands amplified by some serotypes was initially

problematic, particularly from serotypes 2, 3, and 6 while maintaining the cpx band in all
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serotypes. Although the cpx region appears to be highly conserved, the primers selected

from that region were designed from the sequence of serotype 5 capsular DNA. Because

there is no sequence data available on the capsular region of other serotypes, the amount

of homology of these primers to other serotypes is unknown. The MgCl2 concentration

was the single most important parameter involved in the specificity of PCR amplification,

and was successfully used to control the presence of non-specific bands.

The successful application of the PCR assay to bacterial colonies provided an

effective method of identifying A. pleuropneumoniae. With the exception of the rare

serotype 4, all serotypes amplified a distinct 0.7 kb band. Because both the preparation

and detection of DNA was relatively simple, the entire assay could be performed in under

five hours. Among the common swine respiratory pathogens tested, only S. suis

produced a band of similar size. However, this band was determined to be non-specific as

it did not hybridize with the cpx probe and was distinguished from the A.

pleuropneumoniae cpx band by Southern blotting. In addition, S. suis presents a distinct

clinical picture from that of  A. pleuropneumoniae and can, therefore, be distinguished

clinically.

  The amplification of the cpx product in all of the serotypes, with the exception

of serotype 4, supports the existing evidence that the capsular export region is highly

conserved among the A. pleuropneumoniae serotypes (Ward, 1995). The results of the

Southern blot also indicated that the 0.7 kb band of serotype 2 contained homology to the

0.7 kb band of serotype 5. Although the 0.7 kb product was not amplified from serotype

4, it is not surprising that even within a highly conserved region there may be some areas
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of non-homology. Of interest, however, was that cps primers A and B did not produce a

1.1 kb band from serotypes other than serotype 5, but the cps probe hybridized to a band

from both serotype 2 and serotype 4. This was surprising since the cps region of A.

pleuropneumoniae is antigenically serotype-specific (Ward, 1995). However, it is

possible that the cps loci may contain some genes that are involved with capsular

synthesis that are conserved by all serotypes. For instance, serotypes 1 and 5 both

conatain N-acetylglucosamine (Perry et al., 1990). Sequencing the cps loci of other

serotypes would reveal any homologous genes responsible for encoding similar proteins.

The potential for using this assay with clinical specimens was also investigated.

A. pleuropneumoniae serotype 5 DNA from lung tissue samples of infected swine was

successfully amplified by PCR. PCR assays have been reported to have greater

sensitivity in detecting bacteria than by the culture of clinical samples (Rodu, 1990).

Therefore, this PCR assay may prove to be faster and a more sensitive method for

identifying and serotyping A. pleuropneumoniae. Although this assay was designed to

specifically detect serotype 5 strains, future development of the protocol may result in

the detection of all serotypes.

Although the identification and serotyping of A. pleuropneumoniae from nasal

swabs of live pigs would be advantageous, attempts to develop a reliable method have

been largely unsuccessful  (Kume et al., 1984; Sirois et al., 1991). Isolation of A.

pleuropneumoniae is difficult because of the overgrowth of normal flora. Nasal swab

specimens have also been reported to inhibit PCR (Wadowsky et al., 1994). Evidence of
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this was shown in Figure 2.15 when genomic DNA added to nasal swab specimens was

not amplified as well as genomic DNA alone.

In conclusion, the PCR assay described was effective in detecting A.

pleuropneumoniae and identifying serotype 5 from whole bacterial cells and infected lung

tissue.  This assay can be done both quickly and easily. Once the sequences for the

capsular regions of other serotypes have been determined, the assay can be expanded to

serotype any strain of A. pleuropneumoniae.  This work has described a potentially

useful method for detecting and serotyping A. pleuropneumoniae with both high

specificity and sensitivity while avoiding the problems that are associated with serologic

assays.
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