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ABSTRACT

Contagious Bovine Pleuropneumonia (CBPP) is a sekespiratory disease caused by
Mycoplasma mycoidesubsp mycoidegMmm) which is widespread in Africa. The main
control option is a live vaccine, with low effica@nd a short duration of immunity.
Development of an efficacious CBPP vaccine requiregerstanding immunogenicity of
the antigens and protective immune responses. idssef experiments were undertaken
to establish whether components of dlenm including whole cell lysate, membrane
proteins and capsular polysaccharide can inductegiion. Three separate experiments
were conducted to evaluate the capacities to pratet detect possible correlations with
immunological responses. The first experiment erauchithe efficacy of inactivated
vaccine formulations: heat inactivated and formatiactivatedMmm were compared
with the live attenuated vaccine. Second experinmevlved evaluation of a vaccine
formulation generated from th&mm membrane protein components. The third
experiment entailed vaccination of cattle with ajogated Capsular Polysaccharide and
subsequent experimental challenge with the infecifadé strain. Disease outcome was
analysed through clinical, pathological observaiand immunological parameters. The
protection levels were 31%, 80.8% and 74.1% for tbemalin-inactivated, heat-
inactivated and live attenuated preparations, dsmdy. Conjugated capsular
polysaccharide produced a protection rate of 57B&. Viaccine also elicited CPS-specific
antibody responses with the same or a higherttigan animals vaccinated with the live
vaccine. Interestingly, the animals immunised witembrane proteins had enhanced
disease. These findings indicate that; i) low doskeseat-inactivatedmm can offer
protection to a level similar to the current liviteauated (T1/44) vaccine formulation, ii)

vaccination with membrane proteins revealed enlthnolammatory reactions after

XVi



challenge iii) capsular polysaccharide antigengugated to a protein is immunogenic
and induces protective immunity in cattle and ilghhimmunoglobulin (IgG and IgM)

responses can be raised against the carbohydratwooent of the CPS-based
glycoconjugate. Future development for a vaccineirej CBPP needs to focus on
understanding of immunological reactions that lgadgsathological conditions and those

that lead to protection especially the innate imetesponse.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.1CONTAGIOUS BOVINE PLEUROPNEUMONIA

1.1.1 Introduction

Contagious bovine pleuropneumonia (CBPP) is a figifectious disease, primarily of
cattle (bothBos taurusandBos indicu$ causing respiratory distress of pneumonia and
occasionally the joints. It is caused by a bacterilMycoplasma mycoidesubsp.
mycoidegMmmn). CBPP is invariably introduced into a herd byedtrcontact, inhalation
of infective droplets from an infected animal ontact with contaminated water holes,
dip tanks and grazing areas. Cattle of all typesh(lBos taurusand Bos indicu} are
susceptible with variations in breed susceptibilitycattle. For example, the N'Dama
cattle of Guinea and imported cattle from Europe @uore susceptible than the zebu
(Masigaet al, 1996). Age is also a determinant on the outcofrieendisease. Calves of
less than six months develop arthritis rather tthenpulmonary disease (Masigaal,
1996). When the disease spreads for the first itma@enaive cattle population, it generally
causes high mortality. The disease was first desdrin Europe in the Y6Century
(Provostet al., 1987). It has been eradicated from most contsént still persists in
Africa. Cattle production is affected through métyaand reduced productivity in
countries that have the disease. World Organisafan Animal Health (Office
International des Epizooties, OIE) has included tlisease in the list of important
notifiable diseases of trade (OIE, 2014) and heafterted countries are excluded from
international trade. This is because of its higkeptal for transmissibility, irrespective

of national borders and serious socioeconomic @uesees. The disease may therefore



be considered as the most important bacterial siss#@t threatens the cattle industry in

Africa.

1.1.2 Clinical signs

The incubation period of CBPP is poorly definedhichl signs following infection may
become apparent days to several months after titaatqProvoset al.,1987) and hence
become established in a herd before it is notitad. disease manifests in different forms
that range from hyperacute through acute and, sullgaio chronic stages (Provastal,
1987). In the hyperacute form, death takes plaies afweek at most and is often without
any other signs. The acute form, presents with sidthset of fever of 40°C or more
usually, after five to seven days. A typical reafory disease then develops; breathing is
laboured and hence the affected cattle stand vatd land neck extended and forelegs
spread apart, with dilated nostrils and mouth gpemting for air. This is soon followed
by a moist cough accompanied by a little foamy @put pronounced chest pain,
sometimes restricted to certain regions of the aihd extensive zone of dullness follow.
The sub-acute form occurs most frequently in akifiuto 50 per cent of the animals
affected. The symptoms resemble those of the doute but are less severe and fever is
intermittent and never very high. This form usualBvelops into the chronic form. The
chronic form presents with intermittent fever, tthger with loss of both appetite and
weight. Calves of less than six months of life mofeen show lameness from swollen
and painful limb joints. Up to 25 per cent of inted cattle can become chronic carriers
of infection, often referred to as “lungers” ane &elieved to play a role in initiating new

outbreaks when they are introduced into susceptidlds (FAO, 2002).



1.1.3 Pathology

CBPP is characterized by the presence of seraibbd, interstitial pneumonia,
interlobular oedema, hepatization and capsulatgdrie termed as sequestra in the lungs
and pleura in the posterior part of the chest. &hpathological signs may not be
exhibited by young calves. Usually one lung andugadeare affected bgero-fibrinous
exudate, often of up to 30 litres containing clotdibrin. Fibrin 'Omelettes’' are often
found floating in this fluid or attached to the je#al pleura and the lung surface (a
pathognomonic sign). The chronic form of the disgaesents with dry pleurighat is
characterised by adhesions joining the parietal bmane to the pulmonary membrane
and no exudate in the thoracic cavity. Hepatisadblobules normally commences at the
periphery and proceeds towards the centre of thesloThe lobes vary in colour from
red, grey, and yellow depending on the stagesfl@nmmatory lesions and often cover an
extensive area of lung uniformly, giving it a chagistic marbled appearance. In
animals during the chronic stage or after recovesgrotic lesions in the lungs are
surrounded by a capsule of fibrous connective éisslled sequestra. The size is variable
from one to 30 cm in diameter and several can bedaosimultaneously in one lung.
Small sequestras can be replaced by fibrous scdrtatge ones persist for years. A
sequestrum may be drained by a bronchus, and bea@oerce of infection. CBPP may
also present with renal lesions, with well-definggllowish infarctions, seen once the
capsule is removed. Single or multiple renal infaare observed during different stages.
The acute phase is represented by multiple infavbite in subacute and chronic cases,
infarcts progress to form large areas of fibrosisompanied by tubular dystrophic

calcification and tubular atrophy. The above dg¢diom is adapted from FAO (2002),



Provostetal. 1987, Grieceet al.,2001 and my observations during a CBPP vacciaé tri

(see figure 1.1)

Pleural
fluid

Grey
| hepatisation

Fibrous
adhesion

Figure 1.1CBPP gross pathology, seen at post-mortem at exdimm A shows the
pleural cavity of a cow filled with pleural fluichd extensive fibrin deposits, B
shows a marbled lung, thickened interlobular septakgrey hepatisation and C
shows a lung adhering to the chest wall.
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1.1.4 History and geographical distribution of CBPP

CBPP was first described in 1550 according to ewriyings about the disease. The
disease was widespread over most of Europe duar® and trade in the early 1800 and
later introduced into United States from Britairava dairy cow in 1843 but was
eradicated by 1892. The disease later spread $trafia from Britain through trade. An
eradication through “stamping out” campaign in 196eered the Australia declaration
of being CBPP-free in 1973. It is claimed that ®BWas initially introduced in South
Africa from Europe and spread by Boer settlers whiked with their cattle up to the
Kenyan highlands at the turn of the 20th centuBescription adopted from Windsor,

2000).

Although the disease has been eradicated in matt phEurope, sporadic outbreaks
exist, the latest being reported in 1990 in Fram@tugal, Italy and Spain during the
1980s and 1990s but Europe has been CBPP-free $b2@ (Regallaet al, 1996;
Dupuy et al., 2012). Data on prevalence of CBPP in Asia andMiddle East today is
limited due to poor surveillance systems. The diseaxisted in China from 1919 until
eradication in 1989 (Xiet al.,2012). At present, CBPP is widespread in Africalt8 of
Sahara; from the Atlantic coast to the Indian O¢eanept for some countries in the very

South, for example, South Africa and Botswana.

1.1.5 Diagnosis of CBPP
This section gives an account of diagnostic metthibdsare currently approved by OIE
and recent methods that are not yet approved. Tétbauds discussed involve; clinical,

pathological, culture, serological and nucleic aeicognition.



1.1.5.1 Clinical, Pathological and Culture Diagnosi

Diagnosing CBPP using clinical signs is unreliaddeearly infection and those with mild
disease may be asymptomatic or show signs indisshgble from any severe
pneumonia (Masigat al. 1996; (OIE, 2008). Since the clinical appeararfch® disease
depends on the different stages of disease develapamd hence individual differences,
examination of a large a number of animals is irtgydr(FAO, 2002). Examination for
pathological lesions of CBPP is therefore the prete method of disease monitoring.
The lesions are distinctive and pathognomonicHerdisease and can be used for disease
surveillance in the abattoirs (OIE, 2008). Confitimia of the disease is best confirmed
through isolation of the causative agent from défidcattle. The samples are taken from
animals that are alive (nasal swabs or nasal digebapleural fluid and blood or at
necropsy (lungs with lesions, lymph nodes of thenbho-pulmonary tract, and synovial
fluid from those animals with arthritis) for culeu(OIE, 2008). The isolated agent can
then be identified by culture, biochemical, nucleaid methods and immunological tests
(Riceet al.,2000; Rurangirwat al.,2000). However, the results vary depending on the
stage of lesion development and if the animalsbeh treated with antibiotic, negative

results are not conclusive.

1.1.5.2 Serological methods

A serological test encompasses detection of specifanges induced by a pathogen in
the serum of an infected host. Serological testg&chvinave been developed for the
diagnosis of CBPP are generally classified into tywoups on the basis of whether the

test detects the presence of either specific adtsoor pathogen antigens. This method
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of diagnosis is generally used for monitoring CBRFherd level (Amanfeet al., 2000;
Brudereret al., 2002). Although different tests are in use in diagjs of CBPP, a report
by Muuka et al., (2011) after an experimental ititet study indicate no single
serological test can detect CBPP positive animaddl astages of infection. Complement
fixation test (CFT) and a competitive enzyme-linkeununosorbent assay (CELISA) are
the only recommended by OIE and widely used. Othsts used in the diagnosis of
CBPP include: competitive ELISA, LppQ ELISA, LateRgglutinations Tests,

Immunoblotting Test and Polymerase Chain Reacf®®R) based tests.

The CFT test involves incubation of diluted seruamples,Mmm as antigen and
complement from normal guinea-pig serum in an utezb®6 well microplate. This is
followed by addition of a haemolytic system coriegtof sheep red blood cells (SRBC)
and rabbit hyperimmune serum to SRBCs and furthembation. If the serum sample
contains antibodies tvimm they will bind the antigen and activate the campht and
hence consume the complement and prevent SRBC Asiggative result is indicated
by heamolysis of SRBC. The results are then regubantage of observed complement
fixation (Campbell and Turner, 1953; OIE 2008). T¢ensitivity of CFT however is
lower in the early or later stages of infectionr¢tth months after infection) (Bruderetr
al., 2002) therefore it is recommended that any obskecoenplement fixation should be
followed by additional investigations. Although thassay is straight forward,
standardization of the mycoplasma and haemolytgtesy is considered difficult to

perform and require skilled personnel (Brudesteal. 2002; OIE, 2008).



The competitive ELISA (CELISA) offers some advamsgn terms of ease of testing and
standardisation of results, but it has sensitiv@yels similar to CFT (Le Goff and
Thiaucourt, 1998). cELISA also detedidmm antibodies for longer, including during
chronic phase of CBPP, but has lower sensitivitgatecting acute infections (Amargt
al., 2000; Nianget al., 2006). The test involves competition between a ootomal
antibody (mAb) (3F3) and serum antibodies for Mmm variable surface protein
(Gaurivaudet al.,2004). A CBPP positive sample reduces bindinghefrhAb and this
results in subsequent colour reduction, while negaterum does not mask the epitope
and the mAb is bound to the antigen and detectbd. cut-off for the positive serum

samples is set at 50% completion in comparison@8RBP positive control.

An indirect ELISA based on the N-terminal half apaprotein LppQ (Abdeet al.,2000)
was developed in 2002. The test is based on Lpp®ikty to induce a strong and
specific immune response Mmmin infected cattle (Abd&t al. 2000; Brudereeet al.
2002). The LppQ-ELSA is comparable in sensitivityhmcELISA and CFT (Bruderest

al. 2002; (Bruderer et al., 2002). However, the sentsitof the LppQ-ELISA is low in
the early phase of infection but higher after agemtime period post-infection when
compared to the CFT (Bruderer et al.,, 2002). Th@Q4&ELISA is currently under
evaluation by the International Atomic Energy Agen©IE, 2008). A recombinant
antigen cocktail ELISA for diagnosis of CBPP hasodbeen developed after selection of
antigens among one-third of the surface proteornegems of the infectious ageMmm

(Neimanet al.,2009).



Two latex agglutination test (LAT) tests that ama@e, easy to use and cheap have been
developed. One is an antibody detection test baseal specific polysaccharide antigen
extracted from thdimm capsule which was bound to latex beads (Aykh@l, 1999).
The other is an antigen detection test and usex la¢ads coated with a polyclonal
antibody (pAb) specific for the capsular polysacadea (CPS). However the latter test is

not recommended due to false-positive reactiong¢Met al, 2003).

An immunoblotting test (IBT) diagnostic test hasbealeveloped (OIE, 2008). The test
analyzes the humoral immune responses in relabidinet electrophoretic profile dimm
antigens consisting of five immunodominant antigeith apparent molecular weights of
110, 98, 95, 62/60 and 48 kDa, (Gongaleesl.,1998). The IBT is highly specific and
the most sensitive serological test described BBPE (Schuberet al., 2011). A field
evaluation of the test revealed a sensitivity ofte®2.6% compared to 77.5% for CFT
and specificity was 100% (Regak al., 1996). However, the test is not suitable for
mass screening and is used as a confirmatory tesh wWalse positive results in CFT are

suspected (OIE, 2008).

1.1.5.3 PCR based molecular based tests

Polymerase Chain Reaction (PCR) based diagnosis téfer rapid detection, specific
identification and differentiation between membefshe Mycoplasmamycoideluster
(see section 1.2.1). The protocols are based onysimaof digested amplicons
(Bashiruddinet al., 1994; Perssort al, 1999) and using primers that amplify genes
specific to classicalMycoplasma mycoide<scluster followed by species-specific

amplification, example, Real-time PCR methods (qpP&mR nested PCRs (Miseretal.



1997; Bashiruddiret al., 2005; Tayloret al.,2008; Lorenzoret al 2008). Use of PCR
enables detection and identificationmmfrom culture and clinical materials including
nasal mucous, tissue from lung, kidney, spleen,ssmden from bovines (Bashiruddn

al., 2005; Miserezet al., 1997). A particular PCR assay able to differentia¢tween
European and African/Australidimmisolates has been developed (Miggsal., 2006).

In Africa, especially in rural areas, use of theRPi€ uncertain since the test depends on a
laboratory infrastructure with sophisticated equgminand trained personnel that are not
readily available. To counter these challengesnathe-field diagnostic test based on
loop-mediated amplification (LAMP) of DNA under itb@rmal conditions (Notomet

al., 2000) has proved to be more specific and sengitia et al, 2013).

1.1.5.4 Biochemical Tests

The biochemical tests are basedMdmm sensitivity to digitonin, its inability to produce
‘film and spots’, its capacity to ferment glucosts reduction of tetrazolium salts
(aerobically or anaerobically), its failure to hgthse arginine, its lack of phosphatase
activity, and its weak or lack of proteolytic propes (OIE, 2008). These tests can be
carried out if the immunological and molecular lmhtests are inconclusive and should be

carried out by a reference laboratory.

1.1.6 Economic impact of CBPP in Africa

Economic losses due to CBPP can be massive, regéitim direct death of animals and
indirect effects of decline in economic activitigQuantification of many direct and
indirect costs is impossible to determine with @ngcision (Windsor and Wood, 1998).

However, studies have been done to try and estithatiosses in Africa. Direct loss due
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to death of livestock in Africa has been estimdtedost 2 billion US$ per year (Masiga
et al., 1998). A study by Tambi and others (2006) in 1B-Saharan African countries
(Burkina Faso, Chad, Cote d’lvoire, Ethiopia, GhaBainea, Kenya, Mali, Mauritania,
Niger, Tanzania and Uganda) estimates the costBRPRCto 3.7 million Euros per
country. The socioeconomic implications associatgt the loss of the animals include;
decline in economic activity in industries that deg on cattle and their products and
disruption of trade. For example, in Botswana, wtesof its access to the European
Union (EU) market and the economy-wide effects wthsa closure would be a 60%
decline in beef and other export products (Taetbal, 2006). The financial return on
investment in CBPP control is positive, an investimgf 14.7 million Euros to control
CBPP would prevent the loss of 30 million Eurosribaet al, 2006). True cost of
control and eradication require several considematias described by Windsor and
Wood, (1998). Some of the factors include; govemmmeosts during outbreaks
(compensation, slaughter, testing, surveillance taacing), loss of government income
from taxes, cost of maintaining CBPP free zones @rst of control measures to local

people.

1.2BioLocy oF MYCOPLASMA MYCOIDES SUBSP. MYCOIDES

1.2.1 Taxonomy and phylogeny

Mycoplasmas are the smallest self-replicating osyas, free-living bacteria (Raziet
al., 1998) and have evolved from other bacteria byesgive evolution, leading to
reduced genomes (Weisbueg al, 1989) that span from 577-590 kb hMycoplasma
genitalium (Su and Baseman, 1990) to 1359 ki/ipcoplasma penetrangSasakiet al.,

2002). The 1212 kb genome Mimmwas published in 2004 (Westbexgal.,2004).
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Taxonomically, mollicutes are distinguished phepatslly from other bacteria by their
small size and total lack of a cell wall (Raanal.,1998). “Mycoplasma”, is the trivial
name used to refer the species in the class Makcurhe Mollicutes are classified into
five groups (hominis, pneumonia, anaeroplasma,oplasma and group known to
contain only the isolated speci@steroleplasma anaerobiynbased on the 16S rRNA
sequencing, placingimmin the spiroplasma group (Weisbuggal., 1989). Within that
group, it is one of five closely related speciest fiorm theMycoplasma mycoidesuster
where all members are highly pathogenic and caasers diseases in ruminants (see

table 1.1).

Initial classification within the Mycoplasma mycoide<luster using DNA-DNA
hybridization and biochemical and serological mdthas well as 2D Polyacrylamide gel
electrophoresis (PAGE) patterns (Costaal., 1987) resulted in differentiation of tiv.
mycoides subspecies and théMycoplasma capricolumsubspecies. However, a
phylogenetic tree of thélycoplasma mycoidesluster was inferred from a set of
concatenated sequences from five housekeeping dé&mes, glpQ, gyrB, lepA and
rpoB) led to amendment of the cluster (Manso-Silgtial, 2007). The taxonomy of the
Mycoplasma mycoideduster was amended resulting in the combinatioklytoplasma
mycoidessubsp.mycoidedarge colony type aniflycoplasma mycoidesibsp.capri into

a single subspecies and the assignment dffreplasmasp Bovine group 7 strains into
the separate speci®fycoplasma leachi{Manso-Silvan 2009). The classification of the
bacterium is as outlined below;

Phylum: Firmicutes
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Class: Mollicutes

Order: Mycoplasmatales
Family: Mycoplasmataceae
Genus: Mycoplasma

Species: mycoides subspecies mycoides

Table 1.1Members of théVlycoplasma mycoideguster of veterinary importance

Species Host Disease

M. mycoidesubspmycoides Cattle (Buffalo, | Contagious bovine
goat, sheep) pleuropneumonia

M. capri Goat, sheep Contagious
(cattle) agalactiae/pneumonia
M. capricolumsubspcaprineumoniae | Goat (sheep) Contagious caprine

pleuropneumonia (CCPP)

Mycoplasma leachii Cattle (goat, Arthritis, mastitis, calf
sheep) pneumonia
M. capricolumsubspCapricolum Goat Contagious

agalactiae/pneumonia

Table adapted from (Cottew and Yeats, 1978; Tharicand Bolske 1996; (Manso-
Silvanet al.,2007; Thiaucourét al.,2011).

1.2.2 Host parasite interaction - host specificity

Mycoplasmas are widespread in nature as paraditesneans, mammals, reptiles, fish,
arthropods, and plants (Razhal.,1998). They are mostly extracellular parasites ({Raz
et al., 1998; Rosengarteert al., 2000) but there are some exceptioiycoplasma
penetranscan invade and survive in its human host cell Bhyaoplasma fermentans
Mycoplasma pneumonigblycoplasma genitaliuras well agviycoplasma gallisepticum

sometimes reside in nonphagocytic cells (Rottedn32
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The genomic reduction iMollicute evolution has led to a limited metabolic capacity
hence most mycoplasmas are parasites exhibitingt $tost and tissue specificities
(Rottem, 2003). Nevertheless, some mycoplasmasbeafound in hosts and tissues
different from their normal habitats (Razit al., 1998). For example, respiratory
infections to hamsters can be induced in hamsterhé® human respiratory pathogen
Mycoplasma pneumonia®rgan and tissue specificity is also exhibited bycaplasma.
Thus,M. pneumoniaés found preferentially in the respiratory tracddv. genitaliumis
found primarily in the urogenital tract, but exdeps are possible as demonstratedvby
genitaliumisolation from the respiratory tract ail pneumoniadrom the genital tract
(Gouletet al, 1995).Mmmhas been shown to be significantly more adherebovine
epithelial cells than caprine and porcine, sugggsthat the cytoadherence reflects

specificity for the bovine species (Ag¢al.,2015).

1.2.3 Major surface antigens and their potential irpact in virulence of Mmm

Some of the prominent surface antigens detectedthen cellular membrane of
mycoplasmas, and in particular &mm include: lipoproteins, metabolic pathway
enzymes, variable surface antigens, adhesins grelilea polysaccharide. Although in
other pathogenic bacteria, virulence is determinginly by toxins, cytolysins and
invasins, no such typical primary virulence genagehbeen found on the genomes of the
Mycoplasmas species that have been sequenced (®asdk 2002; Vasconcelos et al.

2005; Jaffeet al.,2004; Westbergt al, 2004).
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1.2.3.1 Lipoproteins

A number ofMmm lipoproteins have been described. Lipoprotein Aofideratet al,
1999), has been demonstrated that is an impomagett for the CD4 T-cells (Dedieat
al., 2010). The functions Lipoprotein B (Vilet al.,2000) and Lipoprotein C (Pilet al.,
2003) are under investigation. Lipoprotein Q (Lpg®bdo et al., 2000) is specific for
Mmm and its strong antigenicity has been exploited tfer development of a robust
indirect ELISA test for serological diagnosis of BB (Brudereret al., 2002).
Lipoproteins play a role in mechanisms of pathogéniby inducing pro-inflammatory
cytokines and might assume the function of lipopatcharides which are missing in
mycoplasmas (Brennet al.,1997; Calcutet al., 1999; Marieet al.,1999; Calcutet
al., 1999). A study on the use of recombinant LppQ saaine in adult cattle indicated
enhanced disease that may be attributed to theipr@licholaset al.,2003 Mulongo et

al., 2015).

1.2.3.2 Variable surface antigens

Variable surface proteins (Vsp) have been investyeextensively in mycoplasmas
including; Mycoplasma agalactigeMycoplasma hyorhinjsMycoplasma penetrarsnd
Mycoplama pulmonis (Citti et al., 2000; Glewet al., 2000; Rb&skeet al, 2001;
Flitman-Teneet al.,2003).Mmmhas been shown to have a variable surface pratki6
kDa designated Vmm (Perssehal.,2002). Its function is currently not known, butst
suspected to helMmm escape the host’s immune system. Vsp’s have bleawnsto
have a role in the evasion from the host's immuesponse by undergoing high-

frequency phase and size variation (Denisbal, 2005; Simmons and Dybvig, 2007).
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1.2.3.3 ATP binding cassette (ABC) transporter prains

In Mmmtype strain, eight complete ATP binding cass@ifC) transporters have been
identified (Westberget al., 2004). The ABC transporters are involved in actiyeerol
uptake and glycerol phosphorylation. The systerolired consists of the glycerol uptake
system GtsABC (Vilei and Frey, 2001) and membranend L--glycerophosphate
oxidase (GIpO) Piloet al, 2005). The glycerol is metabolized iNmm after
phosphorylation to dihydroxyacetone phosphate byxddative process leading to the
release of the highly toxic compound:®3 that cause oxidative damage to the host
tissues. The study also indicated that antibodigsnat GtsB noncompetitively inhibits
glycerol uptakeesulting in a significant reduction of,8, production. This suggests that
the glycerol uptake system GtsABC is indirectlyohsed in virulence oMmm The new
emerging European strains Bfimm lack thegtsB and gtsC genes, hence these strains
produce significantly lower amounts of,® and also seem to be less virulent than
African strains that possess the fgtsABCoperon and are highly virulent. Theok-
glycerophosphate oxidase (GlpO) has been showitayogodirect role in cytotoxicity of
Mmm strains towards embryonic calf nasal epithelialdRNEp) cells (Pilcet al, 2005).
Further studies on cytotoxic effects to ECaNEp stubthat vaccine strain T1/44 that is
low virulence also released high amounts aofOHan indication of high toxicity.

Therefore there must be other factors contributingathogenicity oMmm.

1.2.3.4 Adhesins
Adhesins play an important role in the primary stemployed by mycoplasmas while
interacting with their host eukaryotic cells usspecific mammalian membrane receptors

(Rottem, 2003). The intimate interaction of mycepta with mammalian cells for long
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periods is assumed to trigger a cascade of sighatscause inflammation (Razet al.,
1998). Although several adhesins have been idedtiin otherMycoplasmaspecies
(Razinet al.,1998; Belloyet al., 2003; Seymouet al.,2011), adhesins dimm have
not yet been detected in spite of their potentaé in immune protection.

1.2.3.5 Capsular polysaccharide

Mmm synthesises a@alactan orcapsular polysaccharide (CPS) consisting mainly of
galacto-furanosyl units in 146linkage (Plackett and Buttery, 1964) located ondbter
surface or in the plasma membrane and secretdaeitlbod stream of infected cattle
(Bertin et al., 2013). The CPS is presumed to give the mycoplaghysico-chemical
resistance against the host, such as the bactdramtivity of complement and other host
defence functions and to trigger the inflammatamycpss in the infected host (Pdoal.,
2007). Studies have also attributed the capsulfysgocharide to virulence dtlmm
Lloyd and Titchen (1976) showed that intravenoysdtion of galactan frooMmm to
calves produced transient apnoea, increased putmamierial pressure and pulmonary
oedema, leading to the contraction of blood vessetich may initiate thrombosis.
March and others (2000) demonstrated that a stfdihimmthat produces low amounts
of capsular polysaccharide was much more sendibivgrowth inhibiting antisera than
strains that produced larger amounts of polysacdda6trains oMmm that produced
large amounts of capsular polysaccharide also gater significantly longer duration of
bacteraemia in a mouse infection assay than taenstith little capsular polysaccharide
(March et al., 2000). Genes associated with polysaccharide sgistrend forming a
biosynthetic pathway are organized in clusters iwittwo loci representing genetic

variability hot spots acquired via horizontal genansfer (Bertinet al., 2015). The
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redundancy capsule biosynthesis genes irvthren genome may reflect the importance

of the capsule as a virulence factor (Westlatral.,2004).

1.3IMMUNE RESPONSES TOMMM

1.3.1 Introduction

Animals that recover from CBPP infection are resisto further challenge (Windsor and
Masiga, 1977). Although this suggests immunitynduced following CBPP infection,
there is limited understanding of the protectivemiame response. The immune
mechanism againdimmhas been suggested to involve innate immunity dsageéoth

humoral and cellular responses (Masgal.,1975; Cartneet al.,1998).

1.3.2 Innate immunity

Mycoplasma invasion of respiratory surfaces encaumésistance from non-specific
defence mechanisms (Cartretr al, 1998). Activation of innate immune response by
inducing production of chemokines and cytokinestigh attraction and activation of
neutrophils and mononuclear leukocytes is one ef rttechanisms (Kaufmaret al.,
1999; Kaufet al., 2007). Macrophages have also been shown to playtieal role in
clearance of mycoplasma (Lei al.,2010). InMmm a study on plasma cytokine in two
groups of cattle (CD4T cell-depleted and non-depleted cattle) expertaininfected
with Mmm showed that irrespective of the depletion statigh TNF-alpha levels
correlated with more severe pathology accompanydudh IFN-gamma levels (Sacchini

et al.,2012).
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Pattern recognition receptors (PRR) are importanhast's innate immunity against
pathogens. Toll-like receptors (TLR) are the béstracterized groups of PRR family.
TLRs are receptors responsible for recognizingggehs as diverse as gram-positive and
gram-negative bacteria, viruses, and fungi, as agfirotozoa (O’Neill and Bowie, 2007,
Takeda and Akira, 2005). The TLRs recruit signgllimolecules to their intracellular
signalling domains, leading to the activation & thuclear factor kappa beta (MB)} and
secretion of proinflammatory cytokines (Triantafilet al, 2006). TLRs also play an
important role in activation and maturation of detid cells (Visintin et al, 2001).
Bovine TLR genes have been characterised, in boskie TLRs 2 and 7 are most
abundant and believed to play a role in bactegabgnition (Menzies and Ingham,
2006). The role of TLRs iMmm has not been studied. However, M161Ag, a 43-kDa
surface lipoprotein oMycoplasma fermentansave been shown to be important for
TLR2-mediated cell activation and complement atiora (Nishiguchiet al., 2001).
Studies indicate TLR2 plays a critical role in #dglity of innate immunity to determine
Mycoplama pulmonisnumbers early after respiratory infection by tdggg initial

cytokine responses of host cells (Leteal.,2010).

1.3.3 Humoral immune responses againdmm

Antibody binding and antibody dependent immune rae@ms are important in response
againstMmm as evidenced by the protection against CBPP faligwransfer of sera
from cattle recovered from CBPP (Masiga al., 1975). MAbs targeting membrane
epitopes inMmm have been shown to have growth-inhibiting actiVi§iarie et. al.,
1996). The humoral immune response Nbnm studies have mainly focused on

identifying the immunodominant surface proteins (Meratet al., 1999; Abdoet al.,
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2000; Piloet al., 2003; Hamsteret al, 2010). Specific antibodies responsible for
immunity have not yet been identified. AnalysesMohmspecific IgM, IgG1 and 1gG2
antibody responses done at the pulmonary (local) sastemic levels for animals with
disease experimentally reproduced by contact aloWwed for over a year revealed no
correlation between antibody titters and clinigghs or lung lesions (Niangt al.,2006).
However, IgA titers in lung or blood seemed to péayole in protection against CBPP.
A study on kinetics of the humoral immune respoagainst 65Vimm surface antigens
for an extended period in cattle that survivedienary infection with Mmm revealed no

antigen-specific antibodies (Schieekal.,2014).

1.3.4 Cell-mediated immune responses tdmm

Cell-mediated immunity has been postulated to eluwed in protection against CBPP
(Robertset al., 1973; Tulasneet al., 1996). A study by Dedieu and others (2005)
demonstrated that aMmminfected cattle developed WImmspecific cell-mediated
immune response. In the experiment, endobronchialtyl in-contact infected animals
showedMmmspecific immune response with the difference belmgy delay before the
onset. The Mmmspecific CD4 Thl-like T-cell response was maingdin until
slaughtering whereas in animals with acute disgaegression of CBPP was associated
with a decreased ability of the PBMC to produce -f=NFurther experiments on CBPP
infection focusing on cell-mediated responses mgdit nodes reported a persistdhim
specific response mediated by IFN-secreting CD4+ T cells in lymph nodes of all
recovering cattle (Dedieat al, 2006). The responses were also significantly drigh
completely recovering animals than in recoveringnafs with lung sequestra. CD4+ T

cells have been shown to contribute to proliferatod cells collected from lymph nodes
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draining the lungs oMmminfected cattle and stimulated with the pathogeniiro and
T1 biased cytokine recall responses observed tledhtt have recovered from infection
but not in animals developing the acute form of dieease (Tottét al., 2008). The two
phenotypes oMmmspecific memory CD4 were observed based on CD6Qiression
and proliferative capacities while recall prolifeoa of B cells occurred but was strictly
dependent on the presence of CD4. Analysis of {RBleased and pathological changes
at necropsy of naive cattle treated with cyclogmoand exposed to in-contact infection
showed a delay in events that follow infection, iadication of it's role in disease
outcome (Scacchiat al, 2007). However, in other studies the correlatiohdFN-y
release and severity of disease was not as evatedescribed by Jores al, (2008)
reported no correlations between IfFNelease and presence or absence of pathological
lesions after a studying IFMNfeleased upon stimulation in peripheral blood nmaretear

cells (PBMCs) collected from experimentally infettattle.

Understanding of the role of IFN- release and CDO4<ells may therefore play an

important role in development of a vaccine agaBPP.

1.3.4 Immunopathology induced byMmm

Generally, Mycoplasmas have evolved strategies dose& tissue injuries through
stimulation of immune responses. Release of mediatyy cells in response to
mycoplasma-derived components induce recruitmedteatravasation of leukocytes to
the site of infection by mycoplasmas thereby caytissue damage (Raz#t al., 1998).
In Mmminfection, inflammation of the lung is the majatpological outcome (Provost

et al., 1987; Hubschlest al., 2003). Kidney lesions have also been reportedaitiec
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infected withMmm (Griecoet al.,2001). The precise mechanism is not well undedstoo
However, immune responses to the pathogen havedigdéuted to pathogenesis of the
disease (Provogdt al., 1987; Dedieu and Balcer-Rodrigues, 2006). The kidesions
observed in cattle infected has been attributadhtoune complex deposition (Grieeb

al., 2001; Mulongecet al, 2015). Induction of autoimmune reactions (Gavenes al.,
2004) and mitogenic activation of B and T lympheasyalso trigger inflammatory signals
(Razinet al, 1998). InMmm live Mmmhas been shown to trigger apoptosis of all bovine
lymphocyte subsets as well as the monocyes/graytelsubset while heat inactivated
Mmmdid not induce a similar effect, suggesting thetreted substances may play a role
in the cytotoxic effect (Dediewet al, 2005). This has also been demonstrated in
Mycoplasma hominiandMycoplamsa salivariunizhang and Lo, 2007). The molecules
responsible for apoptosis of infected cellsMgnm are yet to be identified (Pilet al.,
2007). This demonstrates that development stratégy efficient vaccine against CBPP

will depend on understanding of the protective mmehunopathological mechanisms.

1.4CoNTROL OF CBPP

CBPP has been successfully controlled in Botswadadaveloped world while in rest of
Africa it has continued to spread and affect nesaar(Muukaet al.,2013). This has been
attributed to uncontrolled or illegal movement dittte from known infected cattle
populations due to failure of surveillance systeemmergency preparedness and early
reaction to outbreaks (Amanfu, 2009). The methbds have been used to control CBPP
include; cattle movement control and quarantinemging out, test and slaughter,

treatment and vaccinations.
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1.4.1 Movement control, test and slaughter and stapmng out

Adequate control of cattle movement is one of tlestefficient methods of containing
spread of CBPP within a country. In Africa, the huet presents several challenges that
include: inadequate veterinary personnel, transhemdifestyle, trade, socio-cultural
practices and civil strife (Provost al, 1987; Windsor and Wood, 1998; Msaetial.,

2001).

The test and slaughter method that involve tesifrguspected herd or detection at meat
inspection and positives slaughtered has been ssfatén the control of CBPP (Santini,
1998). However, the method is lengthy and need d@osbpported with adequate

quarantine (Msanet al.,2001; Kairu-wanyoiket al.,2014).

Stamping out is considered to be the simplest anel way to control CBPP. However,
most African countries lack the resources for camspéon of cattle owners (Okaiyetd

al., 2011). The method has also had serious negaowmo-economic effects as
experienced by a stamping-out eradication of CBPBatswana during 1996, which led
to negative effects on short-term economics andeased malnutrition in children
(Mullins et al.,2000). The method should therefore be used ag eelemt and should be

considered in non-endemic areas (OIE, 1992).

1.4.2 Treatment using antibiotics
The use of antibiotics in CBPP treatment is cordrsial due to concerns of creation of
chronic carriers arising from sequestra formatidmclv are believed to be responsible for

disease spread (Thiaucoettal.,2004; Amanfu, 2007). However, there is no sight
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evidence that sequestra will break down to causécal disease emanating from such
sequestra (Huebschlet al., 2006). Experimental evaluation of a long-lasting
oxytetracycline did not result in significant segtra formation in CBPP-infected animals
(Niang et al., 2010). Even though treatment with antibiotic tipgras discouraged by
OIE, they are routinely administered by farmersiélbourtet al., 2004). Studies of the
tetracycline that is used most often in the fieltbw reduced inflammation at the
inoculation site but did not prevent infection a&hé pathogen was able to persist in the
host (Thiaucouret al., 2004; Danbirniet al., 2010). Therefore, may be it might have
some benefit together with vaccination campaigas,ekample, in the control of post-
vaccination reactions to reduce mortalities anddy&d burden. Since mycoplasmas have
no cell wall traditional antimicrobial targetingishstructure such as penicillins have are
not effective but antibiotics targeting protein mucleic acid synthesis are effective.
However, antimicrobials might have some benefit nvhesed in combination with
vaccination campaigns, for example, in the corgfglost-vaccination reactions to reduce
mortalities and bacterial burden. However, re¢entivo studies have shown a reduction
in CBPP transmission after oxytetracycline treatm@tang et al., 2010). In vitro
experiments have also shown reduction in the nurmberycoplasma by oxytetracycline,
danofloxacin and tulathromycin (Mitchedt al.,2013). Further research in this area is

therefore important in enhancing reduction of tleease burden.

1.4.3 Vaccination
Vaccination against CBPP is the routinely used oebtbf control in Africa due to its
practicability (Tulasneet al., 1996). The vaccines currently used are derived ftioen

T1/44 strain oMmm (OIE, 2008). This strain was derived from a Tamaansolate and
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attenuated by passaging 44 times in embryonates @darchet al., 2000). Despite its
long use, it has several drawbacks that includeteption that lasts 12 months or less
(Thiaucourtet al., 2000), an efficacy level of only 40-60% and thah de increased to
80-95% upon revaccination (Thiaucowet al., 2004), severe post-vaccinal adverse
reactions that result in lesions at the point otcudation (Sori, 2005; Kairu-Wanyoilet
al., 2014) and the possibility of reversion to virulen@ hiaucourtet al., 2004). Present
CBPP vaccines also require to be kept cool duriatpge, transportation, reconstitution
and use in the field, hence the absolute requiréofea cold chain (Tulasnet al., 1996).

In Africa, maintenance of a cold chain is an expansindertaking. Other factors that
have led to low success rate of vaccination incluciedequate funding of annual cattle
mass vaccination programmes, availability of adam farm screening test to aid sero
monitoring and deficiency in awareness on the préve measures and interventions

(Kairu-wanyoikeet al, 2014).

In Africa, there has been no clear strategy toyapptontrol/eradication of CBPP. Many
African veterinary services call for yearly repehietensive vaccination campaign while
experts claim that anything less than complete cimemt, political social and
economic, will result in failure (Thiaucouet al., 2004). However, several suggestions
have been highlighted to counter the above chatemythe methods involved in control
of CBPP. Experience and current data shows thatetheat vaccinations using the T1/44
vaccine significantly reduce the post-viccinal teats (Thiaucouret al, 2004; Muukeet
al., 2014). Therefore, regular vaccination of the ea#t risk of contracting CBPP may
enhance acceptance of the vaccine by farmers. Thgeb of compensation can be

reduced by involving institutions involved in bemfarketing that can compensate the
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farmers through salvaging CBPP infected cattle wélanghtered (Muukat al., 2013).
Since CBPP is a trans-boundary disease a high elefreooperation is needed between
neighbouring countries in the development and imgletation of regionally coordinated
CBPP prevention, preparedness and control/eradicptogrammes (Amanfu, 2009).
1.5RESEARCH TOWARDS A BETTER VACCINES AGAINST CBPP

1.5.1 Introduction

The first crude vaccine against CBPP was firstatald in 1852 by Louis Willems and
consisted of pleural exudates from diseased ani(B#sicou, 1996). Since then several
forms of CBPP vaccines have been developed andingkd past, they include; T1 and
its derivatives T1/44 and Tl1sr (Sheriff and Pier&é®52) and KH3J strain and its
streptomycin resistant KH3Jsr (Lindley, 1965). Bedftcommunities in Africa have used
(and still use) the Willem's method of subcutaneioasulation of infective lung fluids
into unaffected cattle (Blancou, 1996). Egg basattines were used extensively in East
Africa in the 1960s (Rweyemanet al., 1995). Although they confer some protection
they are discouraged due to severe adverse reagiidiiems’ reaction) at the injection
point. The gross lesions are characterised by aeroa that appears 10-20 days after
inoculation. This oedema varies in size and, ines@ases lead to loss of the tail or death
of the animal. Inactivated vaccines have also btssted experimentally, but the
protection levels reported were not satisfactorsaf(&t al.,1986). However, some of the
experiments reported successful protection ofeatsing an inactivated, oil adjuvanted

CBPP vaccine (Garba and Terry, 1986).
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1.5.1 T1/44 vaccine improvement

Attenuated broth cultures derived from passagelhtis® ofMmm are the only vaccine

types that have been in use within Africa (Rweyemanal., 1995). The protection

conferred by the CBPP vaccines is relatively ofrstaration (one year for strain T1 and
six months for KH3J) implying that booster vaccioas are required. Unfortunately,
even after attenuation the strains may still retseme residual virulence. This was
demonstrated by the T1/44 vaccine strain capacty cause CBPP following

endobronchial inoculation of the vaccine (Mbelual.,2004).

Failure by the Tlsr vaccine during the campaignshim 1990s as evidenced by the
inability of the vaccine in Botwana in 1995 nectdsd the need for improvement
(Masupuet al.,1997; Thiaucourgt al.,2000). Following this event the use of T1sr was
even discouraged. A study comparing T1/44 and NMescines conducted in three
African countries revealed a protection rate ofa®ein 33% - 67% after three months,
depending on the strain used in the challenge (iComartet al.,2004). Since then there
have been suggestions to change the compositiomameintaining the viability of the
live vaccines to improve efficacy (Tulasmt al., 1996). The OIE recommended the
minimum dose for cattle is fOviable mycoplasma for CBPP vaccine (OIE, 1992),
allowing losses during lyophilisation, storage arahsport. To maintain this high number
the use of 75mM-[2-hydroxyethyl] piperazinéN-[2-thanesulfonic acid] (HEPES) was
recommended to buffer the growth media sibtem is pH sensitive (Marclet al.,
2002). An experimental evaluation of the buffered #he current vaccine however did

not reveal differences in protection levels (Nkaetlal.,2012)
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1.5.2 Novel approaches in developing a safe andieficious CBPP vaccine

A CBPP vaccine that is thermostable and averts idetions will play a key role in
containing the disease, as long as it has an effiegual to or better than the current
vaccine. This could be achieved through variousr@ghes that eliminate elements
acting as virulence factors while maintaining ttene level of immunogenicity. An
empirical approach that involves development oetd vaccine against CBPP through
several methods in parallel, identification of tpeotective arm of immunity and

understanding of pathological mechanism has beggested (Jorest al.,2013).

The use of a subunit vaccine would solve some @fptfoblems encountered by the live
culture vaccine. In general, a vaccine based omrstg facilitates the possibility of
avoiding components which have a negative reguylagfiect on the ensuing immune

response.

1.5.2.1 Immunostimulating complex (ISCOM) vaccines

The ISCOM is formulated as a particle which combiemultimeric presentation of
antigen with a built-in adjuvant. The ISCOM partict a cage-like structure of about 40
nanometres (nm), composed of the saponin adjuvaiit A) cholesterol, antigen and
phospholipids (Moreinet al., 2004). ISCOM can be considered as a carrier for a
combination of antigen and adjuvant, targeted agan-presenting cells (APCs) and the
lymphatic system (Tulasret al.,1996). A vaccine against CBPP based on ISCOMs was
first evaluated in mice and cattle in 1997 usingeagent-solubilizedMmmcells to create

a subunit vaccine with a high number of antigensu@ugraet al., 1997). Experimental

trials in cattle revealed strong primary and loagting secondary antibody responses in
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similar magnitudes to naturally infected animals,veell as induced T cell responses
(Abusugra et al., 1997). A field trial with the wawe showed significantly reduced
mortality compared with controls. However, thereswao difference in the gross
pathological and histopathological score betweeartimated and non-vaccinated animals
(Hubschleet al, 2003). No difference in the formation of sequeestvas apparent
between the groups. The vaccine was therefore deresl as not to induce a protective
response. Another experimental trial using an ISCloivhulation of recombinant LppQ
(Abdo et al., 2000) did not offer any protection to CBPP challerapd appeared to
exacerbate the pathological lesions as comparedintaccinated control animals
(Nicholaset al., 2003). The failures may be attributed to Meam components used in
these formulations and use of ISCOMs is still lgaapproach for delivery of a CBPP

subunit vaccine (Dedieu-Engelmann, 2008).

1.5.2.2 DNA vaccine

Whole bacteriophage (phage)particles have been described as highly efficiehicles
for DNA vaccine delivery (Clark and March, 2004 arikeset al., 2007). In the context
of CBPP vaccine development, a DNA vaccine by baopghage) library screening was
tested (Marchet al, 2006). In this study, a whole genome library veé@ned into a
bacteriophagel. ZAP Express vector which contains both prokarydfitiac) and
eukaryotic (PCMV) promoters upstream of the insertisite. Two strongly
immunodominant clones were identified and subsetyéested for vaccine potential
againstMmm biotype-induced mycoplasmemia. After challengecanwvaccinated with
clone (expressing MSC_0397) exhibited a reduced lelvmycoplasmemia compared to

controls, suggesting a protective effect when @eéd as a bacteriophage DNA vaccine.

29



However, evaluation of the vaccine in cattle isdeskto confirm these results. This
method represents a new approach to immunizatiaohwh potentially less expensive,

stable and easy to produce (Masathal.,2006; Mateen and Irshad, 2012).

Apart from having a high efficacy and thermostapilit would be useful that future
vaccines allow discrimination between infected aadcinated animals. A safe marker

system must therefore be incorporated into newinasqTulasneet al.,1996).

1.6PROBLEM STEMENT AND RATIONALE

At present, the protective antigens of the mycopkasre not known. It is likely that
protective antigens are located on the surfacehef rhycoplasma, where they are
accessible to host antibodies. The main antigensthen surface are protein or
carbohydrate in nature, and both can have essemitigtions for the cell, such as
adherence to the host cell or uptake of nutrieft® purpose of the research reported in
this thesis was to assess the nature of the pneeahtigens, by testing the immunity

induced by inactivated mycoplasma, membrane pretaind the capsular polysaccharide.

1.6.1 Evaluation of inactivated vaccines

Inactivated vaccines against CBPP have been tesigerimentally with varying results
but such vaccines have not been tested in the fi{@drba and Terry, 1986; Gray al,
1986). The experiments, however did not offer cosige reports on the capacity of

inactivated mycoplasma to protect against CBPP.
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The present study therefore aimed at assessingatitet capacity of formalin inactivated
(Garba and Terry, 1986) and heat inactivated (@taal.,1986) vaccines compared with

the live attenuated T1/44 vaccine.

1.6.2Mycoplasma mycoides subsp.mycoides membrane protein vaccine

Membrane proteins of mycoplasmas have been showiayoa role in adhesion to host
cells (Razinet al., 1998; Rottem 2003) and are immunogenic in nat@iKahane and
Razin 1969; Droesset al., 1995; Svenstruget al., 2006). Some of the membrane
lipoproteins fromMmm have been characterized in detail. Most of themn @ajor
antigens and are readily detected in the serumnfacied cattle on immunoblots,
including LppA (Monneratet al., 1999a; Monneraet al., 1999b), LppB (Piloet al.,
2003) and LppQ (Abdeet al, 2000). Monoclonal antibodies (MAbs) against acef
proteins of Mycoplasma gallisepticumhave shown to have capacity to inhibit both
growth and metabolisrm vitro (Yoshidaet al, 2000). Thus given the potential of the
membrane proteins as a vaccine a formulation usmgil adjuvant was developed and
evaluated to determine their capacity to inducedeutmn of cattle infected with CBPP.
Part of the study also aimed at assessing the fepecitibody responses following

vaccination

1.6.2 Conjugated capsular polysaccharide vaccine

Conjugation of carbohydrates has made it feasibledévelop carbohydrate-based
vaccines (Peetert al.,2003). Immunization with neoglycoprotein consigtof capsule-
derived carbohydrates coupled to an immunogenideproprovides a long lasting

protection to encapsulated bacteria (Jones, 2006adet al., 2005). A number of
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glycoconjugate vaccines based on fragments of tapgwlysaccharides have been
developed against bacterial infections (Vliegertthd®06). Glycoconjugates vaccines
containing CPSs frorilaemophilus influenza&treptococcus pneumoniaadNeisseria

meningitidishave been successful in preventing infectiousadise in children (Jones,

2005)

Pure polysaccharides are poor immunogens, as dlokyTl cell epitopes needed for T cell
help. Immunization with glycoconjugates, elicit<@H help for B cells that produce 1gG
antibodies to the polysaccharide component (Awnd Kasper, 2010). The cellular and
molecular mechanisms for adaptive immune respomsediated by glycoconjugate
immunization has been demonstrated by (Awveilal., 2012). The study showed that
upon uptake by antigen presenting cells (APCs),calgnjugate vaccines are
depolymerized yielding glycan-peptide, a procesggdan chemically bound to a peptide
fragment. The glycan-peptide is then displayedahyMHC-class Il molecule on the

surface of APCs (see Fig. 1.3).

The CPS is an important surface antigen and pathodgctor inMmm.Studies by Waite
and March (2002) have demonstrated that vaccinatfamice with a conjugatemm
CPS significantly increased the antibody respomsespared to what was produced by
polysaccharide alone. Based on the ability of thhguggated CPS to induce high antibody
response, | used a CPS conjugated with ovalbuma avi carbodiimide-mediated

condensation was developed and tested in cattle.

32



< Peptides
@™ Glycan -peptides

CD80/86 9
/4

7 Glycan,-peptide

CD40

to polysaccharide
receptor » iL—4
B cell T cell
Figure 1.2 Mechanism of T-cell activation by glycoconjugataceine; schematic
representation shows antigen processing and peggentof glycoconjugate vaccines

resulting in helper CD4+ T-cell induction of B-cg@ftoduction of IgG antibodies to the
polysaccharide (Adapted from (Avcet al, 2012)

1.6.4 Study of humoral immunity following vaccinaton

Vaccine efficacy normally relies on the type of ionmme response induced in the animal
host by the introduction of a pathogen. Therefdmowledge on the aspects of the
iImmune response are responsible for protectiontlaadnset and duration of protection
is important. An immunological memory is defined the acquired property of the
immune system to respond more rapidly and morensmnely to a second antigen
stimulation. The development of this immunologicaemory is essential for good
protection since, generally, resting memory ceblséha long lifespan. Therefore, the
improvement of vaccines for CBPP implies the need dtudies to understand the

immunological mechanisms that provide protectiorirduthis infection.
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The immunological mechanisms involved durifgmm infection, or following
vaccination against CBPP, are not fully elucidatédnsequently, there is mo vitro test

at present that can be used to assess accuraaipriune status of cattle with respect to
CBPP infection. The OIE therefore requires thaepoy assessment of CBPP vaccines
should be achieved by virulent contact challengevadcinated animals. The results
obtained are then evaluated using the clinicalhglagical and serological scoring
system of Hudson and Turner (OIE, 1992; Tulasbheal., 1996). This procedure is
expensive, time-consuming and does not alwaysrgpeducible or consistent results.

A detailed understanding of the immune respondeviiig vaccination against CBPP
might permit the design of vitro immunological tests with a stromg vivo correlation,
which can be used as cheaper and quicker methods&doine potency testing. One of
the major themes in the study was to assess theordalimmmune response after

vaccination.

This thesis reports a series of experiments thaised on testing vaccine formulations
that have a potential for generation of a safe effidacious vaccine against CBPP. The
project therefore aimed at carrying out a numbesxgpieriments to confirm that immunity
can be induced by inactivated mycoplasma or compmsnef the mycoplasma and
assessed the immunological responses that follanwumization. The protection by the
vaccine formulations was defined by three distariteria:

1. Mild or no CBPP clinical symptoms that included;ugbing, fever and

recumbence
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2. Absence of features of CBPP at post mortem exammé#tat is characterized by;
lung lesions (oedema, consolidation and thickenegrlobular septa with
sequestration), presence of pleural fluid and fisradhesions

3. No isolation of viableMmmfrom lung tissues at necropsy

1.7 HYPOTHESIS

The study was guided by the hypothesis that vatiomawith whole cell killed or
components (membrane protein and capsular polyaade) of Mmm stimulate an
immune response that protect cattle upon experehehtallenge with an infective dose

of Mmm.

1.8 MAIN OBJECTIVE
To determineMmm structural components protective capacity and yipe f immune

response that confers protection against Contadgdousie Pleuropneumonia.

1.8.1 SPECIFIC OBJECTIVES

1. To examine the efficacy of standardised amount bbles Mmm proteins in
inactivated vaccine formulations (heat inactivafedmnalin inactivatedmmand
compared with the live attenuated vaccine.

2. To evaluation protective capacity of a vaccine folation generated from the
Mmmmembrane protein components.

3. To evaluate a Capsular polysaccharide (CPS) cotgdgeaccine formulations
protective capacity against CBPP.

4. To describe the correlation between antibody titisestypes with protection
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CHAPTER 2: GENERAL MATERIALS AND METHODS

2.1INVITROCULTURE OF MYCOPLASMA MYCOIDES SUBSP.MYCOIDES

The Afadé strain (obtained from International Liwek Research Institute (ILRI)) of
Mmm was grown in pleuropneumonia-like organism med&LO broth; Difco). The
Afadé strain had been used at ILRI in previous erpents and reliably produced severe
CBPP (Sacchinet al, 2011). The media was supplemented with thall@esade 0.04%,
penicillin G 500 Units/ml, horse serum 20%, glucds&gm/ml and 5% fresh yeast
extract. Mycoplasma were then grown in an incubetmtaining 5% C@and harvested

during mid-logarithmic phase at a pH of 6.8.

An estimation of viable mycoplasma content was rieiteed based on colour changing
units (CCU/ml) by a microtitratiormethod described by FAO (Litamat al., 1996). In

short, a 10—fold dilution series from 1o 10'° of the growing mycoplasma was
prepared in bijoux bottles containing 4.5 ml ofygtio medium. Then, 2Q0 of complete

growth medium from each vial was dispensed inttteigells of a 96 well plate, sealed
and incubated the plate at 37°C for 10 days. Qravftthe cultures was evidenced by
colour of the medium from pink to yellow using ata reading mirror. The estimation of
the Mmm concentration was based on the dilution that destnates appearance of
yellowish colour in 50% of its replicates and ispessed as colour changing unit

(CCU50)/ml
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2.2CATTLE EXPERIMENTS

2.2.1 Experimental cattle

Currently, no small animal model for CBPP exisit®e studies were therefore performed
on the natural bovine host. Naive Boran catBeq indicuy were obtained from the
International Livestock Research Institute (ILRAhch in Kapiti, a CBPP-free region in
Kenya, and transported to an isolation unit at Kemya Agricultural and Livestock
Research Organisation, Veterinary Science Reséastitute (KALRO-VSRI) — Muguga
(Fig. 2.1). The animals had not been vaccinatednag&BPP. All the animals were
tested for CBPP antibodies using the Complimenatiox Test (CFT). Clinical signs for
CBPP were also assessed by a qualified veterinddiaranimal was positive for CFT or
had indications of CBPP prior to the start of thedg. The animals were acclimatized for
at least one month prior to the start of the expent. Experienced husbandry staff
observed the animals prior and during the experimaring the whole period of the
experiment, animals were fed on grass, hay andralisepplements. Experiments were
conducted following guidelines of Kenya legislatifmm animal experimentation and the
VSRI Animal Welfare Committee regulations (Approval No.

KARI/VRC/IACUC/2/00122010).
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Figure 2.3 Experimental animals [BorarB¢s indicuy in the isolation unit facility at
KALRO-VSRI, Muguga. The cattle were grazed in tredgock, fed on hay, mineral
supplements and water during the day while confineabrickhouse at night.

2.2.2 Challenge

Cattle were challenged by endotracheal intubatgingithe method described by Nkando
et al, (2010). This method of inoculation has severabatages that include: known site
of infection within the lung, disease onset is m@pid than when induced by contact,
thereby reducing the number of sampling days alwvadg cattle to be sampled as a
cohort with a defined time after infection (Gel al.,2013). Briefly, cattle were sedated
by intramuscular injections of 1ml 2% Xylazine dadn. While the animal was in
standing position, a bronchial rubber tube wasrtegethrough the nostril into the larynx,
deeply into the trachea and an infectious inocuhas introduced. Each animal received
60 ml of Mmm culture (18 CCU/mI) followed by 15 ml of 1.5% agar suspenderd i

distilled water and then 30 ml of PBS.
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2.2.3 Clinical observations

The cattle were restrained in a crush daily at same hour (09:00 — 10:00 am) for
clinical observation. Rectal temperatures and ottlerical signs of illness (nasal
discharge and coughing) and general body conditidhe animal were recorded daily on

observation sheets.

2.2.4 Collection of blood, serum preparation and strage

The animals were bled immediately before vaccimaéiod at weekly intervals during the
trial period. Blood samples were taken from theujag vein into vacutainer tubes
(without anticoagulant). Samples were then trartedoto the laboratory and allowed to
clot at room temperature overnight, followed by taéngation at 3000 x g to separate
clots, red blood cells and other debri. The seramp@es were then aliquoted into 1.5 ml
Nunc® (Thermo Fisher Scientific, Rochester, NY, USA)dskand stored at -20 for

analysis.

2.2.5 Autopsy and collection of tissue samples

Cattle were humanely euthanized using captive fgpléind necropsied by a veterinary
pathologist with assistance of a large animal mgtr Post-mortem was carried out on all
animals that died or were killeth extremiswhile those that remained were killed
between 7 and 8 weeks after challenge. The catle wuthanized by captive bolt and
then exsanguinated. Particular attention was paidhe thoracic cavity, lungs and
kidneys. Lungs were examined for CBPP lesions dholy encapsulation, consolidation,

fibrous adhesion and sequestration. The type aedafithe lesion was recorded.
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Lung tissues were collected between the lesiontl@dyrossly normal tissue and stored

at -20°C until culturing for mycoplasma was done.

2.2.6 Isolation ofMmm from lung sections

Culturing ofMmmfrom the lungs was done by incubating a small ietclung tisse in
Gourlay’s broth media (with penicillin and thalliuacetate) at 3T in a humidified 5%
CO, incubator. One milliliter of the suspension wasated in a dilution series (1:10,
1:20, 1:30 and 1:40) after one day of growth. Frbrese dilutions, 0.2 ml was then
dropped onto agar plate with Gourlay’'s media anchliated at 3. Morphological
features and typical “fried egg” appearance werecked at days 1, 5 and 10 fdmm

colonies.

2.2.7 Lesion scoring and vaccine efficacy
Lesion scoring, as described by Hudson and Turb@83) was used to determine the
severity of the disease in each animal. This sgosias done as follows;
1) Presence of only encapsulated, resolving or fibdessn or pleural adhesion:
score=1
2) Presence of other type of lesion like consolidatioacrosis or sequestration:
score = 2
3) Mmm isolated: score = 2
The resulting sum of the score was multiplied Bgcor depending on the lesion size (1:

<5 cm; 2: > 5 and < 20 cm; 3: > 20 cm in diameter).
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Protection rate (vaccine efficacy) was calculatedodows: vaccine efficacy = 1 — [mean

score of vaccinates/mean score of controls] x 100.

2.3DETECTION OF IMMUNE RESPONSE

2.3.1 Complement Fixation Test

A modified complement fixation test (CFT) by Camiplaed Turner, (1953) was used to
screen and determine antibody titers. Briefly, 2®f test sample sera were diluted at
1/10 in Veronal buffer [VB; 0.85% NaCl (w/v); digimanolyurea (GHsN203) (w/v)
Barbital; 0.0185% (w/v) ¢H4N.03 Sodium salt; 0.0028% (w/v) anhydrous CacCl; 0.168%
MgCl,.6H,O dissolved in 1 L of distilled water] and dispethsm 96-well round
bottomed plates (Costar, Corning, MA, USA). Twefing pl of Mmmantigen in VB was
added followed by 2%l of appropriately diluted pig complement. The mipd was
shaken vigorously and incubated at 37°C for 30 teswvith periodic shaking. Twenty
five ul of haemolytic system [6% sheep red blood celRES) and haemolytic serum
(hyperimmune rabbit serum against SRBC), pre-inmdbdor 30 min] was added and
shaken vigorously before further incubation atGfor 30 minutes. Reading was done
after centrifugation of the microplates at 12§ for 2 minutes under an inverted mirror.
The results were read based on the percentagergilement fixation observed. Positive
results were recorded from wells with 100% inhdnmtiat 1/10. To determine the antibody

titres, the positive samples were serially dilueeéndpoint (no haemolysis occured).

2.3.2 Antibody titres using Indirect ELISA
Cattle sera were analysed for CPS &fdm membrane proteins specific 1gG, IgM and

IgA isotypes by ELISA three weeks post primary waaton and three weeks post-
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secondary vaccination. The antibody responses vadetermined as described by
Abusugra and others (1997). Briefly, ELISA pla(Bsinc, Copenhagen, Denmark) were
coated with antigen at a concentration of 5ug/mtaating buffer (50 mM carbonate
buffer pH 9.6) and incubated overnight at 4°C. wdlshings were made with phosphate-
buffered saline (PBS) (150 mM, pH 7.5) containing% Tween-20 (PBS-T). The plates
were blocked with 5% skimmed milk powder in PBSblo¢king buffer) for 1 h at 37°C.
All incubations were carried out with gentle agaatand the plates were washed four
times with PBS-T between incubations. Antisera wkrer-fold diluted in blocking
buffer and incubated for 2 h at 37°C. The followidigution of antibodies against the
bovine sera were used: Horseradish peroxidase (ld&#)gated sheep anti-bovine IgM
(Pierce) at 1:10,000, Alkaline Phosphatase congghabbit anti-bovine IgG (whole
molecule; Sigma) at 1:5,000 and HRP conjugated mansi-bovine IgA (AbD Serotec)
at 1:2,000 respectively in blocking buffer and ibated for 1 h at 37°C. The enzyme
reactions were visualized by addition of substmatfer. For the peroxidase reagents, the
substrate was Tetramethylbenzidine (TMB). Aftertd20 min the reaction was stopped
by 2MH,SO, for TMB and the absorbance was measured at 450Tim@.enzymatic
reaction of alkaline phosphatase was visualisedddition of p-Nitrophenyl Phosphate
(PNPP), HO, diethanolamine, 500mM Mg&IlpH 9.8, and the reaction was stopped by
50ml IMNaOH and absorbance measured at 405nm. AeBi®&ynergy HT Multi-Mode

Microplate Reader (BioTek, USA) was used in the sneament of absorbance.

The cut-off was determined as the mean OD valubefegative reference serum plus 2

SD and the antibody titre (end point) was expressedhe last dilution giving an OD
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value higher than the cut-off. The negative refeeesera used for calculating the cut-off

were for cattle collected prior to vaccination.

2.4PROTEIN CONTENT DETERMINATION

Proteins were quantified using the BicinchoniniddABCA) Protein Assay Kit (Santa
Cruz Biotechnology, Inc., U.S.A) as described by tmanufacturer (Appendix 1).
Briefly, 8 dilutions of bovine serum albumin (BSAjandards (5 pg/ml — 250 pg/ml)
were prepared in PBS (pH 7.4). Twenty fiveof each BSA standard and the sample
were loaded into microplate wells followed by aduit of 200l of prepared reagent
(solution of sodium bicinchoninate (BCA) and cupsalfate in the ratio of 50:1
respectively) to every well. The mixture was incigob37° C for 30 minutes and allowed
to cool at room temperature for 5 minutes. Absockaof all wells was measured in a
microplate reader at 562 nm using BioTek SynergyMiilti-Mode Microplate Reader.
A standard curve using the data from the standantpke dilutions was drawn and the

concentration of the protein was then calculatestan their optical density values.

2.5S0DIUM DODECYL SULPHATE POLYACRYLAMIDE GEL ELECTROPHORESIS

Sodium dodecyl sulphate polyacrylamide gel elettoopsis (SDS-PAGE) was used to
separate proteins as previously described (Laemi®ly0). Briefly, a discontinuous gels
made of a 5% stacking gel [3.1 ml gB 0.7 ml 30 % acrylamide-bisacrylamide; 1.25
Tri-HCL pH 6.8, 25 | of 10% ammonium persulphate dan5 ul
Tetramethylethylenediamine (TEMED) and 12 % sepagagel [2.45 ml dHO; 1.75 ml,

4.0 ml 30% acrylamide-bisacryamide; Tris-HCL pH ;8% | ammonium persulphate
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(APS); 5 ul TEMED]. Electrophoresis was conductsihg the Serva Electrophoresis

GMbH, Heildelberg, Germany] under constant curcdrt5 mA for 3 hours.

2.6 DETECTION OF PROTEINS IN POLYACRYLAMIDE GEL

To visualise the proteins, gels were stained uaimgethod described by (Johnstone and
Thorpe, 1987). Briefly, after electrophoresis, ¢& was transferred into a container and
5 times gel volume of 0.025% Coomassie BrillianidgdR-250 in 50% methanol and 10%
acetic acid added. Staining was carried out ovatnag room temperature with gentle
agitation. The staining solution was then pouredl the gel rinsed with dj. Distaining
solution (5% methanol and 7.5% acetic acid) wasddahd replenished several times
until background of the gel was fully distained.ofein bands were conspicuously

visualised against a clear background.

2.7 STATISTICAL ANALYSIS

Analysis of variance (ANOVA) was used to determihthere were differences in CFT
titres between the three vaccines. Pearson coomlabefficient was used to analyse
relationship between CFT and Indirect ELISA titraisd pathology score. Pathology
scores were evaluated to determine if there walexehce in protection afforded by the
vaccine formulations. Differences between meangafly scores in the three groups
(vaccinates and controls) were also analysed uBM@VA. Evaluation of differences
between antibody responses as revealed by CFT evirmed using the Chi-squarg)(
test. Prism statistical software"(&dition GraphPad Software, San Diego California

USA, www.graphpad.cojrwas used in the analysis
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CHAPTER 3: EVALUATION OF INACTIVATED AND LIVE ATTEN UATED
VACCINES AGAINST MYCOPLASMA MYCOIDES SUBSP. MYCOIDE S

3.1INTRODUCTION
Vaccinations using inactivated vaccines have beeoessful in a number of mycoplasma
diseases including contagious agalactia (Buonaaegll.,2008) and contagious caprine
pleuropneumonia (Rurangirwet al., 1987). Similar trials for CBPP with a saponin-
inactivated vaccine (Nicholast al. 2004) and with an Immunostimulating Complex
(ISCOM) formulation (Hubschlet al., 2003) have not been successful. However, large
quantities of heat-inactivated mycoplasma formulatéth a suitable adjuvant have been
shown to induce immunity against CBPP (Grtyal., 1986; Garba and Terry, 1986).
This suggests that mycoplasma may have to be graséarge numbers, either alive or
dead, to induce a sufficient protective respondthofigh this was based on the use of an
extreme method of vaccination in which cattle wereculated twice with very large
doses of inactivated mycoplasma, it confirms thatirzactivated vaccine can confer

immunity.

The method of inactivation may play an importarie nm immunogenicity. Inactivation

by heat or by sodium hypochlorite can substantialier the immuno-proteins of
Mycoplasma agalactiaeand hence reduce the immunogenic{iyola et al., 1999).
Protection by the live fstrain ofMmmhas also been shown to be dose dependent, with a
low dose of 18 mycoplasma conferring low protection, while theras no significant
difference between doses of ‘18nd 18 (Gilbert and Windsor, 1971; Masigs al.,

1978; Thiaucouret al.,2004).
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Owing to the discrepancies in reports on the capaml inactivated mycoplasma to
protect against CBPP, three vaccines formulatioesewassessed for their protective
capability: formalin inactivated (Garba and Tert986) and heat-inactivated (Gratal.,

1986) vaccines were compared with the live atteetidtl/44 vaccine. The main purpose
of the study was to evaluate the efficacy of instBéd mycoplasma and compare

formalin-fixed and heat-inactivated formulationsing equal quantities of antigen.

The hypothesis that was guiding the study was Yhatination with killed whole cell
Mmmstimulates an immune response that can proteib¢ cgton experimental infection
with infective dose oMmm.Three experiments were therefore establisheddcead this
hypothesis. The specific objectives were:
1. To prepare vaccine formulations by inactivating \hoell Mmm through heat
and formalin
2. To describe clinical and pathological outcomes ciaitle vaccinated with
inactivated mycoplasma and compare with animalivated live attenuated
Mmm
3. To describe antibody response in cattle vaccinadédinactivatedMmmand live

attenuatedVimm
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3.2MATERIALS AND METHODS
3.2.1 Inactivated and live attenuated vaccine prepation
Two inactivated vaccine formulations were prepased T1/44 live attenuated vaccine

purchased from Kenya Veterinary Vaccine Produchistitute (KEVEVAPI).

a) Formalin inactivation

The vaccine was prepared as previously describadogGand Terry, 1986). Briefly, the
vaccine was prepared from a pure 4-day old cultofethe Afadé strain using
pleuropneumonia-like organism media (Difco™ PPLOotBy and harvested at a
concentration of 1§ colony changing units (CCU) per millilitre (Litamei al. 1996).
The culture was inactivated by adding 0.7% (v/vjasmaldehyde (BDH Chemicals Ltd,
Poole, UK) and incubated overnight at 37°C. Thepension contained 3 mg/ml of
protein as determined using the Bicinchoninic Aamtthod described in chapter 2,
section 2.4. The preparation was then stored a€ +#ftil used. The final product was
obtained by emulsifying equal volumes of inactidatailture and Freund's Incomplete

Adjuvant (FIA; Difco).

b) Heat inactivation

Preparation of the vaccine was done as describeay @ al, 1986). The Afadé strain of
Mmm was grown for 4 days in PPLO as described in @ra@t section 2.1 to a
concentration of 1 CCU/ml and centrifuged at 12,000g. The pellet washved three
times in phosphate buffered saline (PBS; 150 mM INdAG mM KH,PO,, 9 mM

NapgHPO;x12H,0O, 2.5 mM KCI [pH 7.2]) and re-suspended in 10 nfltke same
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solution. Mycoplasma viability was checked by gnogvil0 ml of 1:10 dilution in of
inactivated Mmm in PPLO media for seven days. Protein concentratM@as then
determined using the Bicinchoninic Acid Assay ddsst in chapter 2, section 2.4. This
suspension was adjusted to contain 3 mg/ml of mgsopa protein. Mycoplasma were
killed by heating in a water bath at %6 for 30 min and stored at -20°C until the day of
immunization. On the day of vaccination, an equealume of Freund's Complete

Adjuvant (FCA; Difco) was added and mixed by meahan emulsion mixer.

c) Live attenuated (T1/44)
Contavax (KEVEVAPI; B/No. 01/2012) at a concenwatof 10 live Mycoplasma was

used. Immunization was done as instructed by theufaaturer.

3.2.2 Cattle and intradermal inoculation
Forty Boran cattle Bos indicu} between 8 and 10 months of age were obtained and

maintained according to the procedures describetiapter 2, section 2.2.

Cattle were then randomly divided into four groupflsten animals, one of which

comprised the non-immunized control group. Group and 3 were inoculated with heat-
inactivated, formalin-inactivated and live atterath{T1/44) vaccine, respectively. Each
animal was subcutaneously vaccinated with 2 mhefiaccine formulation on the neck.
Animals received a primary immunization with Frelsndomplete adjuvant for the heat-
inactivated mycoplasma or Freund's incomplete aahtivfor the formalin-fixed

mycoplasma. After three weeks, two booster inj@stjioseparated by 2 months, were

delivered with the inactivated mycoplasma mixedhwireund’s incomplete adjuvant.
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The live T1/44 vaccinated group received a singbsed The non-immunized (no
vaccination) control group 4 was introduced attthee of challenge.

3.2.3 Challenge and clinical observations

Three weeks post the second booster administratadtie were infected with liveimm

through endotracheal intubation as described ipteh&, section 2.2.2.

Rectal temperatures and other clinical signs wemdrded as described in chapter 2,

section 2.2.3.

3.2.4 Autopsy, cultural examination and lesion scamg
Post-mortem was carried out after 7 weeks on albtiimals after challenge based on the

procedure described in chapter 2, section 2.2.5.

3.2.5 Serological examination
The animals were bled immediately before vaccimasind at weekly intervals during the
trial period and antibody responses determinedgu€lRT as described in chapter 2,

section 2.3.1.
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3.3RESULTS

3.3.1 Clinical observations

Animals under study had no clinical signs priochallenge. Clinical responses observed
after challenge included cough and nasal disch&g#/ one animal in the control group
developed fever (temperature 3} for five days. Some animals also experienced low

temperatures, suggesting infection may not hava beeere (Fig. 3.1).

All experimental animals experienced respiratorgtrdiss characterized by coughing
(Figure 3.2). This was observed from the secondkwmost intubation except for the
group that received formalin-fixeMmm that experienced symptoms from the fourth

week onward. No significant differences among gsowpre observed (P=0.65).
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Figure 3.4 Summary of rectal temperatures from inactivated dmid44 vaccines
experiment; (a) Heat inactivated; (b) Formalin thated; (c) Live attenuated T1/44; (d)
unvaccinated cattle after challenge. Fever wasnddfias occurrence of a rectal
temperature of 39.5C. Cattle in the vaccinated group did not experefever after
challenge. Only one animal in the control groupeziemced fever after challenge. Some
animals also experienced low temperatures. Thé disa points on each plot correspond
to the day on which the corresponding animal wadkaslzed. During the experiment six
animals from the vaccinated groups died of causéesatated to CBPP.
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A) N=9 B) N=7
D) N=10

) N=8

Bl Yes B No

Figure 3.2 Summary of respiratory distress (coughing) expeed by the cattle after
infection (challenge) with livéimm Proportion of respiratory distress in the groups;
Heat-inactivated; B) Formalin-inactivated; C) Liedtenuated (T1/44) and D) Control
group. All the groups experienced respiratory dsdrfollowing challenge. During the
experiment six animals from the vaccinated groupd df causes not related to CBPP.
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3.3.2 Antibody responses post vaccination and chatige

Antibody (Ab) responses following vaccination arfteachallenge were measured using
CFT. The highest Ab titres recorded during vaceamatind after challenge are shown in
Table 3.2. Following vaccination and challenge,osenversion was observed in 9/9
(100%), 5/7(71%) and 3/8 (37.5%) in heat inactigatermalin inactivated and live

attenuated (T1/44) respectively (Table 3.1).

Seroconversion was first detected one week posination for the animals that received
inactivated vaccines while three weeks post vationdor the group receiving the live

attenuated vaccine. The CFT titre levels were Sgmtly higher after vaccination for

the inactivated formulations as compared to the &ttenuated. No significant antibody
titre differences were observed after vaccinationd gost challenge (P>0.05). No
correlation between antibody levels following vaation and lesions after challenge was
observed (P>0.05). Interestingly, only two anim#&®91 and 995) seroconverted

following challenge (Table 3.1).
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Highest CF titre aftery Highest CF titre after
vaccination and challenge
Vaccination group Animal No. before challenge
Heat-inactivated 819 1:20 1:80
802 1:40 1:20
815 1:40 1:40
813 1:40 1:20
803 1:40 1:20
824 1:40 1:20
804 1:40 1:20
806 1:20 1:20
Formalin-inactivated | 807 1:40 1:40
827 1:40 1:40
814 1:10 1:40
800 0 0
801 1:80 1:40
823 1:20 1:40
810 0 0
Live attenuated (T1/44)808 1:10 0
812 0 0
811 0 0
805 1:20 1:40
816 0 1:20
828 0 1:40
820 0 0
829 1:20 0
Control group 842 - 0
843 - 0
844 - 0
990 - 0
991 - 1:80
992 - 0
993 - 0
994 - 0
995 - 1:160
996 - 0

Table 3.1 CFT titres results of cattle following vaccinatievith inactivated and live
attenuated vaccine and challenge.
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3.3.3 Pathological investigations and vaccine eféicy

The experiment was terminated 7 weeks after clgdleMable 3.4 summarises the
pathological observations. Post-mortem examinatixposed pathological lesions typical
of CBPP including consolidation and hepatizatiorthef lung parenchyma and pleuritis,
well-developed sequestra and fibrous adhesion efptrietal and visceral pleurae were

observed.

Mycoplasma were only isolated from animals in tl@n-waccinated (7/10), formalin
inactivated (2/7) and live attenuated vaccinatet8)(3roups. The mycoplasma had
typical “Fried Egg” morphology of mycoplasma colesi(Figure 3.3). High pathological
scores were observed in the control group, follolwgdhe formalin-inactivated group,
the heat-inactivated and live attenuated grouppeiely. Average scores for lesion
size were higher in non-vaccinated animals (Taki¥. No gross lesions were observed
in one animal that had pyrexia and serological oesp. Sequestra formation was
recorded only in two animals that had been vacethatsing the formalin-inactivated

vaccine.

Vaccine efficacy for the three vaccines, calculatsihg average Hudson scores, is

shown in Table 3.5. The protection rates for themfdin-inactivated, heat-inactivated

and live attenuated groups were 31.0, 80.8 andréddectively.
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Figure 3.3 Magnified stainedMmm colonies in the surface of agar plate. The
colonies have the characteristic ‘Fried Egg’ motpbg. Viewed under a
binocular microscope with 100X magnification
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Mmm Lung/Thoracic Pathology

Vaccination group Animal No. isolated cavity lesions (cm) Score
Heat-inactivated 819 -ve No lesion 0
802 -ve No lesion 0
825 -ve No lesion 0
815 -ve Cons 2
813 -ve No lesion 0
803 -ve Fib adhe 1
824 -ve No lesion 0
804 -ve Fib tags 1
806 -ve Fib adhe 1
Formalin-inactivated 807 +ve Seq (3x3) 4
827 -ve No lesion 0
814 -ve Cons 2
800 -ve No lesion 0
801 -ve Cons 2
823 +ve seq (10x7) 6
810 -ve No lesion 0
Live attenuated (T1/44) 808 +ve No lesion 2
812 -ve Cons 2
811 -ve No lesion 0
805 -ve No lesion 0
816 +ve No lesion 2
828 -ve No lesion 0
820 -ve No lesion 0
829 +ve No lesion 2
Control group 842 +ve Cons 4
843 +ve No lesion 2
844 +ve Fib adhe, hep 4
990 +ve Fib adhe, cons 4
991 +ve Cons 4
992 +ve Cons 4
993 +ve No lesion 2
994 -ve Res les 1
995 -ve No lesion 0
996 -ve Cons 2

Table 3.2 Summary of lesions and pathological results inmaté vaccinated with

inactivated and T1/44 vaccines. Cons = consolidatit adhe = fibrous adhesion; res
adhe = resolving adhesion, Res les = Resolvingpiestong = congestion; Seq =
sequestration.



Vaccine formulation

Vaccination group Heat- Formalin- Live Control
inactivated fixed attenuated
(T1/44)
Number of cattle 9 7 8 10
Average lesion score 0.56 2 0.25 1.3
Average Hudson score 0.56 2 0.75 2.9
Vaccine efficacy (%) 80.8 31 74.1

Table 3.3Protective capacity of inactivated and live atied vaccines as measured by
challenge trial. Vaccine efficacy =—1[mean score of vaccinates/mean score of controls]

X 100.
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3.4DISCUSSION

3.4.1 Introduction

This study compared the protective capacity of live T1/44 vaccine with two
inactivated preparations dimm strain Afae, inoculated with adjuvants. The two
formulations, heat (Gragt al. 1986b) and formalin-inactivated (Garba and Tel986al)
vaccine formulations had prior been shown to hawapiete protective capacity. The
heat-inactivated mycoplasma emulsified with congleteund’s adjuvant had been used
at a concentration of 14.5 mg of protein/ml and [LGmere administered during
vaccination. The formalin-inactivated dose of 0.5 ofi 10'“ml mycoplasma was
protective against CBPP. In the present experimetibse of 3 mg/ml of proteins was
used in the heat and formalin-inactivated vaccorentilations while T1/44 was used as

instructed by the manufacturer.

3.4.2 Efficacy of the vaccines

All the vaccines tested offered partial protectagainst CBPP. Bronchiopneumonia was
observed in the non-vaccinated group, an indicatwa severity of the disease was less
in vaccinated animals. In the non-vaccinated grangre animals had severe pathology
and incidence of mycoplasma isolation from tissiggnificant protection was offered
by heat-inactivated (80.8%) and live attenuated1%}. The protection rate of the live
vaccine in this experiment was found to be compgarab those observed previously
(Gilbert F. R and Windsor R. 1971; Thiaucoet al. 2000) of 50-80%. Although
formalin-inactivatedimm had shown protection previously, protection ackiein this

experiment was very low (31%). We used the A&fattain for immunization instead of
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Gladysdale, but this is unlikely to be the reason the different outcome with the
previous studies (Garba and Terry, 1986), siMieem strains show little heterogeneity

(Fischeret al.,2013.)

Use of adjuvant in producing a protective immunspomse to CBPP by killed
mycoplasma is critical. In one experiment (Gagbal.,, 1989), animals immunised with
incomplete Freund’s adjuvant were significantlysl@sotected after challenge compared
to animals immunized with complete Freund’s adjuv@he improvement on the level of
the vaccine may therefore depend on the type afvadf used. Although Freund’s
adjuvant enhances protection, it is not recommerfdecnimals intended for human
consumption since they cause spoilage of meatnahimoflammation and sterile abscess

(Murray and others 1972 in Rurangiretal.,1987).

3.4.3 Antibody Response

The fact that animals immunized with formalin-fixeyycoplasma had higher serum titers
of specific antibodies than animals immunized wtiite heat-inactivated mycoplasma, yet
was less protected, suggest that the method ofulation plays an important role. We do
not know at this stage the nature of the protecivigens, and it seems likely that what
we measure in CFT does not correspond to protectian correlation was evident
between Ab titers and the severity of CBPP clingighs or the types and intensity of
lung lesions observed at necropsy (P>0.05), asdreeported by others (Mamadeti

al. 2006, Nkandcet al. 2012; Sacchinet al. 2012). Only two animals in the control
group had seroconverted but showed resistant dienba. This has also been observed

in other experiments o vaccination with T1/44 (@rltet al.,1970; Windsoet al.,1972).
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3.4.4 Conclusion

In conclusion, this study demonstrates that a wacdose of 3mg of heat inactivated
whole cellMmm with Freund’'s complete adjuvant vaccination folemlvby two boosts
can offer significant protection fronMmm infection. The protection capacity of
inactivated vaccine indicates that a subunit va&an an inactivated vaccine against
CBPP in a commercially acceptable adjuvant maydssiple. However, careful selection
of adjuvant should be done taking into consideratie potency and ease of application

of the vaccine.
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CHAPTER 4: EVALUATION OF THE CAPACITY OF MYCOPLASMA
MYCOIDES SUBSP.MYCOIDES MEMBRANE PROTEINS TO PROTECT
AGAINST CONTAGIOUS BOVINE PLEUROPNEUMONIA

4.1INTRODUCTION
The success of heat-inactivated CBPP vaccine atemsed in the previous chapter
suggested that subunit vaccine development may dssilge. Although protective
immunity againstMmm can be induced, the specific antigens responsiée mot yet
been identified. The surface-exposed proteins baen targets for investigation because
antibody production is one mechanism of protectmmunity. Protection by antibodies
has been demonstrated by conferring protective initywon recipient calves following
passive transfer of sera from cattle recovered froBPP (Masigaet al., 1975).
Monoclonal antibodies (MAbs) against membrane pnstén other mycoplasmas have
been shown to have a killing and growth inhibiteffect. For example, MAbs against an
integral membrane protein could Kilycoplasma hyorhinigRiethmanet al., 1987) and

isolated membranes d¥lycoplasma pulmonilicited antibodies that had mitogenic

activity (Lapidotet al., 1995).

The major components of the outer membrane protdivdmm including ; Lipoprotein

A (Monneratet al, 1999), Lipoprotein B (Vileet al.,2000), Lipoprotein C (Pilet al.,
2003) and Lipoprotein Q (LppQ) (Abdet al., 2000) have been characterised. A LppQ
vaccine formulated using Immunostamulating ComplECOM) indicated enhanced
pathology following immunisation of cattle (Abusaget al., 1997). Use of a purified
recombinant LppQ as a vaccine also showed thatabeinates were more susceptible to
challenge withMimmthan cattle that were not vaccinated with LppQ gRJ. Nicholas et
al., 2003). Le-glycerophosphate oxidase (GIpO), a membrane-ldcatezyme that is
involved in the metabolism of glycerol has beene@sThe enzyme is able to cause host
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cell death as demonstrated by killing of embryaratf nasal epithelial cells infected with
Mmm in the presence of physiological amounts of glyc@edo et al.,2005). However,
immunization of cattle with recombinant GIpO did tnehow protection upon
experimental challenge (Mulonget al., 2013). Given the importance of membrane
proteins to induce strong antibody production anelrtaccessibility by antibodies in
vivo, it was important to assess their capacityntduce protection against CBPP. The
extraction of outer membrane proteins using Trixof14 (TX-114) has facilitated the
production of pure membrane proteins free from othgcoplasma antigens for
investigation as potential vaccine candidates (Kiar al, 1996; Jaret al, 1996; Corona

et al.,2013).

The work carried out in this chapter was guidedh®y hypothesis that vaccination with
membrane proteins dissolved in an oil adjuvant simulate a protective immune

response in cattle upon experimental challenge antinfective dose dfimm.
The objectives of the study were;

1. To extract and purify membrane proteingvbhm

2. To describe clinical and pathological outcome attle vaccinated witiMmm
membrane proteins and challenged with an infectosgee ofMmm

3. To describe antibody responses in cattle vaccinat@d Mmm membrane

proteins and challenged with an infective dosMofm
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4.2MATERIALS AND METHODS

4.2.1 Extraction of membrane proteins

Afadé strain (obtained from International LivestdRksearch Institute (ILRI)) dfimm
was grown in pleuropneumonia-like organism (PPLGtHgrDifco) media as described in

chapter 2, section 2.1.

Enrichment ofMycoplasmamembrane proteins using Triton X-114 was carriat as
described previously (Duffgt al., 1998 and Riethmaet al.,1987). Proteins embedded
in the cell membrane, or anchored to it by an acmgiety can be selectively solubilised
using surfactants due to their amphiphilic nat@eefly, 10 ml Triton X-114 was pre-
washed in 500 ml of PBS by incubating the mixtur8&C for 18 h and discarding the
upper aqueous phase. This phase was repeated Thiedower phase was decanted and
used as a stock solution of 11.4% (v/v) Triton X1Mmmfrom 3 L culture was washed
by centrifugation at 12,000 x g for 45 minutes.|@ellets were re-suspended in ice-cold
PBS followed by the addition of ice cold 10% (v/iX-114 (Sigma-Aldrich, UK) to a
concentration of 1 mg o¥imm proteins/ml. The pellets were thoroughly dissolmsd
vortexing at 4°C for 1 hour. After centrifugatioh 2,000 x g at 4°C for 5 minutes the
supernatants were transferred to a new tube, itedbat 37C for 5 min and then
centrifuged at 8,000 x g at room temperature fom® to remove the insoluble
components. The supernatant was carefully loaded an6% (w/v) sucrose solution
containing 0.006 (v/v) Triton X-114 in PBS and ibated in a water bath at %7 for 9
minutes followed by centrifugation at 300 x g forminutes. The supernatant was
aspirated, which contained hydrophilic componerd aet aside, the lower (TX-114)

phase was brought to the original volume with PBe suspension was dissolved by
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incubating in ice for 15 min and phase partitionmegeated three times. Proteins were
then precipitated by addition of methanol/chlorafcand centrifuging at 9000 x g for 1

minutes at 2C.

4.2.2 Purification of membrane proteins

The extracted proteins were purified by removalhef TX-114 from hydrophobic phase
using Extracti-Gel® D (Pierce, Rockford, USA) defent removing gel as described by
the manufacturer. BrieflyExtracti-Gel® packed columns provided with the W&iere
washed and equilibrated with PBS buffer. The samplere then passed through the gel

several times to remove all of the detergent.

4.2.3 Sodium dodecyl sulphate - polyacrlamide geleetrophoresis (SDS-PAGE)

Protein concentration from the extract and mycapkscells for SDS-PAGE was
estimated as described in chapter 2, sectionNMmMm whole cell samples were mixed
with lysis buffer (500 mM Tris/HCI pH 6.8, 4.6% W/SDS, 20% (v/v) glycerol, 10%
(v/v) 2-mercaptoethanol and 0.004% bromophenol)bdunel boiled for 5 minutes. The

SDS-PAGE was then performed as described in chapsarction 2.5.

4.2.4 Vaccine formulation

The purified membrane proteins were solubilizedPBBS (pH 8.0). Then, 6.6 ml of
Emulsigen® (MVP Technologies, Omaha, USA; Oil-ind&faEmulsified Adjuvant) was
added to 13.4 ml of solubilised proteins to malstagk of 20 ml containing 2.2 mg/ml.

The mixture was thoroughly mixed prior to use.
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4.2.4 Cattle Experiment

4.2.4.1 Treatment of groups and challenge

Two to three-year-old boram@s indicu} cattle were purchase and handled as described
in the procedure in chapter 2, section 2.2.1. Tweattle were randomly divided into
two groups. One group was vaccinated with membpaotein vaccine (1ml membrane
protein and 1 ml adjuvant) and the other with tdgieant (placebo) only. Each of the
animals was subcutaneously inoculated on the nettk 2yml (2.2 mg of membrane
proteins) of the vaccine formulation. Secondarycudation was carried out after 6
weeks. The animals were fed and housed in a cahfsaeldock. Challenge was carried
out four weeks after secondary inoculation by emdiothial inoculation using a
procedure described in chapter 2, section 2.2.-hoBwas collected daily and serum

preparation was done as described in chapter fosex2.4.

4.2.4.2 Clinical observations
Rectal temperatures, nasal discharge coughingj@neral attributes of the animals were

monitored daily as described in chapter 2, se@i@r8.

4.2.4.3 Necropsy, Mycoplasma and Lesion scoring

Cattle were humanely euthanized and necropsied bgterinary pathologist 8 weeks

after infection described in the procedure in caaft section 2.2.5.

Mycoplasma culturing from the lungs was carried touverify the presence dimmas

described in chapter 2, section 2.2.6.
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Determination of the lung pathology score of theupbpneumonia infection and efficacy

of the vaccine was done as described in chapwrion 2.2.7.

4.2.4.4 Detection of immune response
CFT and an Indirect ELISA was used to determinebady titres againstMmm
membrane proteins
i) CFT
Compliment Fixation Test (CFT) was carried out asadibed in chapter 2, section 2.3.1

to determine the antibody titers.

i) Specific immunoglobulin isotype ELISA
Anti-membrane proteins antibody titres for specifi€s, IgM and IgA subclasses by
ELISA three weeks post primary vaccination anddhweeks post-secondary vaccination

as described in chapter 2, section 2.3.2.
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4.3RESULTS

4.3.1 Analysis ofMycoplasma mycoides subsp.mycoides membrane proteins

Mmm membrane proteins were generated through Triton 1&4ihase protein
partitioning. Most ofMmm membrane proteins were extracted by Triton X-11¢l, a
expected of amphiphilic polypeptides. Comparisomprmatein profiles oMmmaqueous-
phase, Triton X-114-phase integral membrane andeatr@anism lysate proteins using
SDS PAGE showetmm proteins partitioned exclusively into the Triton244 phase,

while the majority were in the aqueous phase.
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4.3.2 Antibody responses

4.3.2.1 Complement Fixation Test (CFT)

For detection of antibody responses to membraneipsy CFT was carried out for sera
from the individual animals during all the days tbke experiment. Only two of the
vaccinated animals had antibodies to the membrasteips following vaccination with
peak CF antibody titres of 1:40. However, afterlleimge 5 animals seroconverted with
antibody titres of between 1:10 and 1:640. Intémgbt, one animal (# 1304) that had
seroconverted after vaccination did not show presesf antibodies after challenge. In
the group that had been vaccinated with a placeloospecific membrane protein
responses were detected before challenge. Aftdteohe, five of the animals in the
control group seroconverted and titres of betwe&0 &nd 1:640 are observed. Table 4.1

summarizes CFT responses in vaccinated and unweedianimals.

4.3.2.2 Indirect ELISA

Serum antibody responses of cattle immunized awides in section 4.2.4.1 were tested
individually for IgG, IgM and IgA antibody isotypassing an indirect ELISA. After the
first immunization, IgM subclass titres of about, (I — 100,000 were recorded three
weeks later. However, the levels had decreasedfisantly after six weeks (Fig. 4.1).
The 1gG subclass to membrane proteins were elewatigdafter secondary immunization
with the highest titre being 25,000 (Fig. 4.1). Ightype responses were not detected by

the assay.
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CFT maximum Ab titres

Membrane protein  Animal

vaccinated group Number after vaccination after challenge
1267 - -
1285 - 640
1265 - 640
1282 20 320
1271 - 10
1304 40 -
1288 - -
1284 - -
1287 - -
1306 - 10
Unvaccinated 1279 - 10
group (control) 1283 - 320
1263 - -
1293 - -
1298 - 640
1274 - 40
1290 - -
1289 - -
1272 - 20
1294 - -

Table 4.2 CFT antibody titres following vaccination with merabe proteins and
challenge liveMmm
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Figure 4.1 Antibody titers of cattle immunised twice threeeke apart with 200 pg
Membrane proteins measured by ELISA. (A) IgM andip titres (B) 1gG antibody titres.
The cut-off was determined as the mean OD valubehegative reference serum plus 2
SD and the antibody titre (end point) was expressedhe last dilution giving an OD
value higher than the cut-off.
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4.3.3 Clinical signs

The cattle under study displayed signs of sub-a@BEP that were prominent between
the second and third weeks after challenge. Aniwitls fever £39.5C) were observed
in both vaccinated and unvaccinated groups afteettveeks (Fig. 4.2). In the vaccinated
group, three animals had fever that lasted betwéeand 11 days while in the control
group three animals had fever that lasted betwesmd13 days (Table 4.2). One animal in
the vaccinated group exhibited mild increase ingerature (3%C). Although there was a
rise in temperature over time there was no sigaificdifference between the means of
the two groups (p=0.1). Respiratory distress (coughwas prominent both in the
vaccinated and control group. In the vaccinatedamdrol groups 9/10 and 8/10 animals
exhibited coughing respectively. One animal (# )285the vaccinated group died of
CBPP before the termination of the experiment aessed at post-mortem examination
and isolation of the aetiological agent. One vaatad animal (#1282) was killed on

extrimisafter having fever for 8 consecutive days.
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Figure 4.2 Rectal temperature for membrane proteins vaccinagaperiment; (a)
Vaccinated; (b) unvaccinated cattle after infectiérrectal temperature of 39.5C was
regarded as fever. The readings terminate on sgective day for euthanasia of each
animal.
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Clinical observations

th

Animal number | Respiratory distress Pyrexia (days) or dea
Vaccinated group 1267 Yes -
1285 Yes 6, died
1265 Yes 11
1282 Yes 8, killed oextremis
1271 Yes -
1304 Yes -
1288 No -
1284 Yes -
1287 Yes -
1306 Yes -
Unvaccinated 1279 No -
group 1283 Yes -
1263 Yes -
1293 No -
1298 Yes 3
1274 Yes -
1290 Yes -
1289 Yes 1
1272 Yes -
1294 Yes 1

Table 4.3Summary of clinical observations of cattle vactaédawithMmmmembrane
proteins vaccine formulation and challenged witle Mmm.
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4.3.4 Gross pathology findings andmm isolation

CBPP lung lesions were observed in both vaccin@@&9) and control (3/10) groups
following challenge. Only one animal (#1285) ire thaccinated group died before the
end of the experiment. The lesions were confinethéoright lung, leaving the left lung
grossly normal (Fig. 4.3). Lesions were mainly fdwn the dorsal and lateral surface of
the caudal lobe, with some extending to the craara accessory lobes. The tissues
where the lesions were found exhibited oedematadscansolidation and exhibited red
hepatisation, thickened interlobular septae anblaappearance upon excision. Pleural
adhesion ranging from 18 to 40 cm was observedheénvaccinated (# 1285, 1265 and
1282) and 2 to 14 cm for control (# 1283, 1298 42d4) group. Diaphragmatic adhesion
was observed in all the animals with lung lesioxsept in one control animal (#1274).
These pathological features are consistent withodi® bronchopneumonia typical of
acute and sub-acute CBPP. Different stages of s@qtien was evident in one
vaccinated (#1265) and in two control (#1274 an@8)2animals. The sequestra were
clearly demarcated from normal tissue and encatesliia fibrous tissue. Pleural fluid
was observed only in one vaccinated animal (#188&%) measured to about 8 litres, but
was absent in the control group (see fig. 4.4) ni€idlesions were observed only on one
unvaccinated animal (#1293) that had liquefiedafsed hemorrhage. The summary of the

gross pathology is shown in Table 4.3.
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Animal | Post-mortem findings Mmm Total
No. isolated pathology
score
Vaccinated | 1267 No lesion +ve 2
group 1285 Pleural fluid 8 litres, fibrous adhesian Pleural 12
thoracic wall (40 cm), diaphragmatig fluid +ve
adhesion, Consolidation whole lung| Lung +ve
1265 Adhesion on both lungs to the +ve 12
thoracic wall (30 cm), diaphragmatic
adhesion (7 cm), sequestra (4X5,
6X7, 2X2 cm), pericardial adhesions
1282 Adhesion lung to thoracic wall (18 +ve 12
cm), diaphragmatic adhesion,
consolidation (22x22 cm)
1271 No lesion +ve 2
1304 No lesion +ve 2
1288 Consolidation (2x2.5 cm) +ve 4
1284 No lesion +ve 2
1287 No lesion +ve 2
1306 Consolidation (7x2 cm) tve 8
Mean score 13.8661
Unvaccinated 1279 No lesion +ve 2
group 1283 Adhesion to thoracic wall (12 cm), +ve 12
diaphragmatic adhesion, pericardial
adhesion, sequestra (8 cm)
1263 No lesion +ve 2
1293 Kidney — liquefied fat and -ve 0
haemorrhage
1298 Adhesion to thoracic wall (14 cm), +ve 12
diaphragmatic adhesion, Sequestra
(17x14 cm)
1274 Adhesion to thoracic wall (2 cm), tve 8
sequestra (1x1)2, kidney — liquefied
fat
1290 No lesion +ve 2
1289 Heart — increased pericardial fluid +ve 2
1272 No lesion +ve 2
1994 No lesion -ve 0
Mean €0 4.2+4.422

Table 4.4Gross pathology anEimmisolation outcome of cattle vaccinated wiimm
membrane proteins and challenge with mm
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Mmmwas isolated from lung tissues of all the vac&daind unvaccinated cattle except
in two animals (#1294 and 1293) in the experimkhtcoplasma was isolated in all the
lung tissues that had lesions. Interestingly, animal (#1294) that had kidney lesions did
not have any mycoplasma isolated. Gross pathologlyMmm isolation findings are

summarized in Table 4.3.
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Figure 4.3CBPP lung pathological appearance; unilateralrdbridbrinous
pleuropneumonia. A) The right lung was enlargedgeced by a sheet of fibrin and firm.
The left lung had no lesion. B) Normal lung (naddeg. C) The hardened lung has been
dissected and reveals the marbled appearance téshg and diseased areas.
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Figure 4.4 CBPP gross pathology. Severe fibrino-effusive mpaeumonia in chronic
stage. The thorax was occupied with large amouhts wanslucent yellow fluid with
strands and sheet of fibrin that adhere to theevédqleura. The lung also adhered to the
diaphragm and rib cage.
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4.4DISCUSSION

4.4.1 Introduction

The aim of this experiment was to determine whethenune responses induced by
vaccination of cattle with membrane protein in esigén are protective upon challenge.
Mmm membrane proteins induced specific antibodiesoasircned by CFT and indirect
ELISA after vaccination. Post infection with livielmm observations indicated that

vaccinated animals developed enhanced disease.

The proteins extracted were amphiphilic in natuee canfirmed by Triton X-114

extraction and phase partitioning. The membran&eprovaccine formulation contained a
high number of proteins as demonstrated by the taBdbands in the SDS-PAGE in
comparison of 60 bands in the whole cell lysatés Worth noting that mycoplasma lack
a cell wall and the lipid membrane of tidmm KH3J strain contain about 160

polypeptides with molecular masses ranging fromol#25 kDa (Jaet al.,1996).

4.4.2 Clinical and gross pathology

There were no detectable clinical changes in c&ttlewing vaccination, which means
that vaccination with membrane proteins did noupela reaction of clinical relevance.
Clinical features in the non-vaccinated were lessnpunced than in the vaccinated
animals although the challenge was not severehoRafical scores after infection were
also higher in the vaccinated animals than in naccinates as indicated by the extensive
lung lesions, fibrous adhesions and presence aifrglefluid. Two animals in the
vaccinated animals suffered severe disease withbsooeumbing and the other killed on

extremisfive weeks after infection. However, no significandifference (P>0.01) in
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pathological lesions score were seen between tt@nated and control group. Hence the

vaccine formulation tested cannot be consideraddoce a protective immune response.

4.4.3 Antibody responses

Post-vaccination responses showed that membrat&ng@xhibited detectable antibody
responses by CFT and indirect ELISA. CF antibodiese detected in only two animals
(#1282 and 1304) after vaccination by CFT. The aasps however seem not to be
related to protection since the two animals exbiCBPP clinical and pathological
lesions. One animal (#1282) had a titre of 1:20 dexeloped severe CBPP and was
killed on extremis. This has also been observeatlier CBPP vaccine trials (Gilbest
al., 1970; Windsoet al.,1972). The other animal (#1304) produced a tifré:40 but
did not have CBPP lesion, although the animal egpeed respiratory distress and

mycoplasma was isolated from the lung tissues.

The serum IgM antibody titres in cattle immunizedhwnembrane proteins measured by
ELISA after the first dose increased significantjyowever, low levels were detected
three weeks after the boost. A second dose admadsafter the three weeks resulted to
a 3 fold increase in IgG titres. Thus, the IgG oesme may be indicating that Thl type of
response since it is upregulated by l{rldnd IL-2 as indicated in previous immunization
studies with ISCOM vaccines (Abusugraal., 1997). It is noteworthy that IgA was not
detected in the serum. This may be due to the tsgtysbf the indirect ELISA used to
assay the antibodies or the subcutaneous injenteynot lead to the production of the

isotype antibodies.
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Correlations between antibody specificities andhqlaigical score were assessed.
Correlation between the antibodies against membpaoteins and outcome of disease
such as reduced disease severity or absence daflggittal lesions would suggest the
presence of a protective antigen. Although antigpecific responses were significant,
indicating differing levels of responses, no sigr@nt correlation between the specific
antibody response and presence/absence of le§tofs0)(l) was observed. The data from
this study indicate that higher specific antibodiyes do not lead to less severe
pathological symptoms. Interestingly, animals th@&monstrated severe clinical
symptoms and pathological lesions had high antibiitdgs after vaccination.  Since
immunological responses have been attributed tooganesis of CBPP (Provost al.,
1987; Dedieuet al., 2006), the results to can be interpreted to ntbah the adverse
clinical and pathological outcome was due to a sblooemory response to the membrane

proteins.

The relationship between antibody responses artblogty lesions raises an interesting
question whether high titres might contribute ireamay or the other to pathology as
shown in previous vaccination trials using a memerproteins LppQ (Pilet al.,2007)
and GIpO (Mulongoet al., 2013). The presence of pulmonary vasculitis tisat i
pathologically characterized by the destructiorbloiod vessels in CBPP (Thiaucoett
al., 2004) has been attributed to deposition of antm@ibody complexes. A recent
study by Mulongo and others (2015) has also shdahitmmunized cattle with purified
recombinant LppQ and challenged witmm showed a strong seroconversion to LppQ
and exhibited significantly enhanced post infectigmmerulonephritis that suggested the

development of type Ill immune complex disease.
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4.3.4 Enhanced disease following vaccination antiallenge

Rather than mediating clearance of mycoplamsa, ivaiten with Mmm membrane
proteins instead seemed to contribute in enhanceofe€®BPP. Previous studies in viral
(Hayneset al.,2003) and mycoplasma (Szczepaeehl.,2012) have demonstrated that
vaccination can lead to enhanced disease. Sevacalne trials conducted in military
personnel during the 1960s using inactivated bactesulted in minimal efficacy and in
some cases vaccination appeared to exacerbateselispan subsequent challenge with
virulent M. pneumonia$mith 1967). In the infection experiment vaccinatied to more
severe illness than in the control volunteers. ugtinvolving vaccination of P-130 P30
mutant in mice againd¥l. pneumoniaeshowed evidence of exacerbated disease upon
subsequent challenge with the wild-type strain P8 4vhich appears to be driven by a
Th17 response and corresponding eosinophilia (pacek, 2012). Formalin-inactivated
measles virus (FI-MV) vaccine (Peter, 2005), foimatactivated respiratory syncytial
virus (FI-RSV) vaccine or RSV glycoprotein (Hayri#303) indicated enhanced disease
following infection. The enhanced disease and puabng eosinophilia associated with
formalin-inactivated respiratory syncytial virusceanation were shown to be linked to
glycoprotein CX3C-CX3CR1 interaction and expressidrsubstance P (Haynes 2003).
Vaccination with Dengue virus in humans has alsenbshown to enhance vascular
permeability, extensive plasma leakage in varisie spaces and serous cavities of the
body, including the pleural, pericardial and peréal cavities in patients with
haemorrhagic fever, may result in profound shocks(Band Chaturvedi, 2008). Several
mechanisms may be involved including immune compligsease, T-cell-mediated,

antibodies cross-reacting with vascular endothelianhancing antibodies, complement

84



and its products, various soluble mediators inclgdcytokines, selection of virulent

strains and virus virulence (Basu and Chaturve@B20Hughet al.,2012).

4.4.5 Conclusion

In conclusion, vaccinated and non-vaccinated arimmalealed strong inflammatory
reactions after challenge, and a Thl response rmeayuwlved in the pathogenesis of
CBPP. Future studies should focus on the Thl responthe immune reactions. Future
development of a vaccine against CBPP need to foens understanding of

immunological reactions that leads to pathologicahditions and innate immune

response.
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CHAPTER 5: EFFICACY OF A CAPSULAR POLYSACCHARIDE CO NJUGATE
VACCINE TO PROTECT AGAINST CONTAGIOUS BOVINE
PLEUROPNEUMONIA
5.1INTRODUCTION
The capsular polysaccharide (CPS) also known acigal is an important antigen and
pathogenic factor iMycoplasma mycoidesubsp mycoideSMmm) located on the outer
surface or in the plasma membrane. Several sthdies linked the CPS to protection and
virulence. CPS is assumed to protect the pathdgen the bactericidal activity of
complement and other host defence functions, atidgger the inflammatory process in
the infected host (Pilet al, 2007). Lloyd and Titchen (1976) showed thatawenous
injection of CPS fromMmmto calves produced transient apnoea, increasedomary
arterial pressure and pulmonary oedema, leadintheocontraction of blood vessels,
which may initiate thrombosis. March and othersO@0have demonstrated that a strain
of Mmmthat produces low amounts of capsular polysacdbaras much more sensitive
to growth inhibiting antisera than strains thatdurced larger amounts of polysaccharide.
Strains ofMmmthat produced large amounts of capsular polysaitthalso generated a
significantly longer duration of bacteraemia in ause infection assay than the strain

with little capsular polysaccharide (Marehal.,2000).

Both humoral and cell mediated responses may tmérito immunity to CBPP as
demonstrated by (Dedieat al, 2005; and Tottét al, 2008). They showed a correlation
between severity of disease and lower numbers Nf jsecreting cells in a primary
infection But asMmmis not an intracellular pathogen, it is likely tlzntibodies are the
major protective response. An inverse correlatietwigen specific IgA titres, but not 1IgG

titres, was found with severity of symptoms (Niastgal., 2006). In vitro studies on
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monoclonal antibody PK-2 againstmm capsular polysaccharide (Mwirigt al, 2010)

has been shown to inhibit mycoplasma adhesion ¥;mbdung epithelial cells. Antibody
PK-2 and several other CPS-specific monoclonalar{Kiet al., 1996; Aye, personal
communication) also block mycoplasma growth. Adbiesof Mmm to host cells is
thought to be an important step in the establishroédisease (Ayet al.,2015). This

attribute of the CPS therefore makes it a promisexgrine candidate.

The ability of carbohydrates to produce antibodiesl induce memory is very low,
unless they can be covalently coupled to a capretein (Peeterst al, 2003). Studies
by Waite and March (2002) have shown that vacanadf mice with a conjugatddmm
CPS significantly increased the antibody resporsespared to what was produced by
polysaccharide alone. We therefore hypothesizetl dh@PS conjugate vaccine might

protect against CBPP.

This chapter focuses on determining the efficacg®BS conjugated with ovalbumin via a
carbodiimide-mediated condensation with 1-ethyl-8if@ethylaminopropyl)
carbodiimide (EDC) (Waite & March, 2002). The meathisas been used previously to
conjugate the O-specific polysaccharide of the dgdgsaccharide oEscherichia coli

0157 to bovine serum albumin (Konaelual.,1994).

The work carried out was guided by the hypothdsé vaccination with a conjugated

CPS dissolved in an oil adjuvant stimulates an imentesponse in cattle and protects

them against livdimmupon experimental challenge.
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The objectives of the study were;
1. To extract and purify CPS dimm
2. To describe the clinical and pathological outcomeattle vaccinated witMmm
CPS conjugated with ovalbumin and challenged witimgective dose oMmm
3. To assess correlation between antibody respons€P8rvaccinated cattle and

pathology after challenge with an infective dosélofim
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5.2MATERIALS AND METHODS

5.2.1 Preparation of CPS conjugate vaccine

5.2.1.1 Mycoplasma growth and Extraction and purifcation of CPSs

The Afadé strain (obtained from International Liwek Research Institute (ILRI)) of
Mmm was grown in pleuropneumonia-like organism (PPL®tHy Difco) media as

described in chapter 2, section 2.1.

CPS was extracted from the supernatant of mycoplasrtures as previously described
(Rurangirwaet al, 1987). Briefly, 5 litres of mycoplasma cultur@asvgrown for 3 days
and centrifuged at 8,000 g for 30 minutes. The swgiant pH was adjusted to 5.0 with
glacial acetic acid and heated af@8or 2h in a water bath and filtered using Whatman
paper to denature and remove the proteinaceousiatafehe removal of proteins was
repeated until the aqueous phase appeared transpan® volumes of ethyl alcohol was
added and kept af@ overnight. The mixture was then centrifuged #1019 for 15 min.
The pellet was then suspended in 50 ml distilletewand stirred at room temperature for
2 h, centrifuged at 3,000 g for 30 min and thersedits discarded. The mixture was held
overnight and dialysed against tap water for 2 dayg volumes of ethyl alcohol was
added and kept overnight atC4to precipitate the carbohydrate. The mixture e
centrifuged at 1000g for 15 min, the pellet dissdhin 10 ml of distilled water and
dialysed for two days against distilled water wiblar changes per day. The precipitation

and dialysis was repeated once more.
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5.2.1.2 Determination of extracted polysaccharideoncentration

Purified CPS concentration was determined usingPtenol-Sulphuric acid method for
total carbohydrate as described by (Dubeisal., 1956). Briefly, serial dilutions of
glucose standards (1.5 — 12.5 mg/ml) were preparetH,O. Fifty ul of the glucose
standards and sample were loaded into a micrgtiéée (Nunc, Copenhagen, Denmark).
Then, 150 pl of concentrated sulfuric acid (Sigmdrish, USA) was added. This was
followed immediately with addition of 30 ul of 5% enol (Sigma-Aldrich, USA). The
mixture was incubated for 15 min. at°87and left to cool at room temperature. The OD
was measured at 490 nm using a microplate readerT&k, USA). A standard curve
was plotted from the values observed for glucoaedsrds and was used to calculate the

concentration of the extracted carbohydrate baeed® values of the sample dilutions.

5.2.1.3 SDS PAGE and staining of the polysaccharide

Purity of the extracted carbohydrate was verifigdSIDS-PAGE as described in chapter
2, section 2.5. Visualization of the carbohydrataswachieved by staining with the
Periodic Acid Schiffs method as described by (Jodmesand Thorpe, 1987). Briefly, the
polyacrylamide gel was fixed in 5x volume of desiag solution (5% methanol and
7.5% acetic acid) in a sandwich box overnight amdemperature. An equal vol. of 7%
cold acetic acid for 1 h at’@ was used to wash the gel. The fluid was pourédaofl
incubated with 5x the gel volume of freshly prepiatéo (w/v) periodic acid in 7% Cold
acetic acid for 1h in the dark at@t The gel was washed with 7% acetic acid in th& da
(several changes af@ for 24 h). Colour was developed by replacing wsslation with
Cold Schiff reagent and the gel held ¥ 4or 1h in the dark. Red diffuse bands signified

presence of carbohydrate with discreet bands alggwiith the protein bands suggesting
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glycoprotein. Periodic acid reacts with vicinal hgglyl groups commonly found in sugar
molecules to generate aldehydes that are detegtéidely colour reaction with reduced

Schiff’s reagent.

5.2.1.4 Protein content determination
To determine the purity of the extracted carbohtgréhe amount contamination by
proteins was carried out using a protein estimatigseay as described in chapter 2,

section 2.4.

5.2.1.5 Coupling of CPS to Ovalbumin and vaccine foulation

Conjugation of the ovalbumin (OVA) to the CPS watiaved through an established
methodology (Waite and March, 2002). Briefly, 0.¢/ml of ovalbumin was dissolved
in 5 ml 1% MES buffer (4-morpholinoethanesulfontd. Two ml of CPS (2 mg/ml)
was added to the OVA solution. Then 5 ml of EDyeB-(-3-dimethylaminopropyl)
carbodiimide hydrochloride) (10mg/ml in dB8l) was added and stirred gently and
reaction was left to take place for 2 h at roomgerature. The mixture was dialyzed

against sterile PBS overnight. The conjugationtreads illustrated below (Fig 5.1).
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Ethyl-3-(-3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) Reaction

Chemistry

Coupling of the CPS to the ovalbumin was facilitatsy use of EDC as a cross-linker.
The EDC reacts with carboxylic acid groups of gkanoine in the CPS to form an active
O-acylisourea intermediate that is easily displabgducleophilic attack from primary

amino groups in the reaction mixture. Primary amioens an amide bond with the
original carboxyl group, and an EDC by-productekeased as a soluble urea derivative.
The EDC crosslinking is most efficient in acidicH{p4.5) conditions and must be
performed in buffers devoid of extraneous carboxyid amines therefore MES buffer

(4-morpholinoethanesulfonic acid) is a suitablébodiimide reaction buffer.

F’rln'l'an,r Amine
cr f ‘xk‘l/

Ci)/ﬂL " \ @:L O 9. KL”“

Carboxylic W o-Acylisourea Crosslinked Isoures
Acid EDC Active Ester Proteins By-product

Figure 5.5 Carboxyl-to-amine crosslinking with the carbodid®j EDC. Molecules (1)
and (2) can be peptides, proteins or any chemtbalshave respective carboxylate and
primary amine groups. When they are peptides oreprs, these molecules are tens-to-
thousands of times larger than the crosslinker @rgugation arms diagrammed in the
reaction.

Above description adapted from https://www.thersiar.com/ke/en/home/life-
science/protein-biology/protein-biology-learningater/protein-biology-resource-
library/pierce-protein-methods/carbodiimide-cros#er-chemistry.html

92



The vaccine was then prepared by adding an adjuv20f% Emulsigen® (MVP
Technologies, Omaha, USAijl-in-Water Emulsified Adjuvant) to make a totdl20mls

(CPS concentration: 100ug/ml). The mixture wasdbghly mixed prior to use.

5.2.2 Cattle experiment
5.2.2.1 Cattle
Two- to three-year borarB¢s indicu} cattle were purchase and handled as described in

the procedure in chapter 2, section 2.2.1.

5.2.2.2 Treatment of groups and challenge

The 20 cattle were randomly divided into two graupse group was vaccinated with
CPS conjugated vaccine and the other with the adjuyplacebo) only. Each of the
animals was subcutaneously inoculated on the nétk2uml of the vaccine formulation
containing 100ug of CPS. Secondary inoculation weasied out after 6 weeks. The
animals were fed and housed in a confined paddGtlallenge was carried out four
weeks after the secondary inoculation by endobriahaioculation carried out using the

procedure described in chapter 2, section 2.2.2.

5.2.2.3 Clinical observations

Clinical signs (rectal temperatures, coughing, hdsharge and general behaviour of

the animal) were monitored daily as described eptér 2, section 2.2.3.
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5.2.2.4 Autopsy and collection of tissue samples
Cattle were humanely euthanized and necropsiedveyeainary pathologist as described

in the procedure in chapter 2, section 2.2.5.

5.2.2.4 Mycoplasma isolation
Mycoplasma culturing from the lungs was carried touverify the presence dimmas

described in chapter 2, section 2.2.6.

5.2.2.5 Lesion scoring and vaccine efficacy
Determination of the lung pathology score of theupbpneumonia infection and efficacy

of the vaccine was done as described in chapwgion 2.2.7.

5.2.3 Detection of immune response

Antibody responses following vaccination and chadle were monitored using the
Compliment Fixation Test (CFT). Anti-Capsular paygsharide antibody titres for
specific 1gG, IgM and IgA antibody isotypes by amdirect ELISA three weeks post
primary vaccination and three weeks post-secondagcination. CFT and Indirect

ELISA were carried out as described in chapteetien 2.3.1 and 2.3.2 respectively

The CPS Ab titres were then compared with CPS &bstiof cattle from a previous

experiment that were vaccinated with live attendat@ccine and protected after

challenge.
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5.3RESULTS
5.3.1 Confirmation of extracted polysaccharide idetity
The CPS was well identified in the SDS-PAGE geingtd with Acid Schiff Stain (Fig.

5.2) as indicated by the purple colour characieraftcarbohydrate.

KDa 1 2 3
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160

| |l

100
75

50

37

25 —»

Figure 5.6 Gel stained for polysaccharide (Acid Schiff stain)

Lane 1 contain pre-stained molecular weight markare 2 containeMmmwhole cell
lysate and lane 3 containémmextracted polysaccharide. Extracted CPS was obderv
as a purple smear on the gel. Whdlmmlysate did not stain for carbohydrate.
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5.3.2 Clinical observations following challenge

Figure 5.2 represents the rectal temperature fallgwinfection with the Mmm
Temperatures exceeding 39.5°C were recorded betdaerl7 and 19 post-intubation
and persisted over a period varying between 2 aday8. Of the 10 vaccinated animals
two (1299, 1260) had fever that lasted one dayemiie (1311) lasted for three days. In
the control group, one (1298) had fever lastingehdays and two (1289 and 1294) only
one day. Respiratory distress that was assessedgthicoughing was observed in 5/10
vaccinates and 8 /10 animals in control group. Nwtality was observed during the

observation period (Table 5.1).
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Figure 5.7 Rectal temperature for Conjugated CPS cattle mation experiment; (a)
vaccinated with CPS conjugate vaccine; (b) unvadeih cattle after infection. A rectal
temperature of 39.5C was regarded as fever. The readings terminateenespective

day for euthanasia of each animal.
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Clinical observations
Animal Number Respiratory distress (daP;/;)exia (abové®p
Vaccinated 1260 Yes 1
group
1307 No -
1269 Yes -
1256 No -
1311 Yes 3
1299 Yes 1
1278 Yes -
1291 No -
1313 No -
1280 No -
Un-vaccinated | 1279 No -
group 1283 Yes -
1263 Yes -
1293 No -
1298 Yes 3
1274 Yes -
1290 Yes -
1289 Yes 1
1272 Yes -
1294 Yes 1

Table 5.5 Result of clinical observations of CPS conjugatecusated cattle and
challenged with liveVimmexperiment.
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5.3.3 Gross pathology and Mycoplasma isolation

The results of the pathology examination followkposure of vaccinated and control
cattle to infection are summarized in table 5.2a@hteristic gross CBPP lesions were
observed at necropsy on day 56 post-infectionwlesé confined to the right caudal lung.
Only two (1311, 1299) of the 10 vaccinates haddghCBPP lesions; fibrous adhesions
to thoracic and diaphram and sequestra (see Hgakd 5.5) when examined post
mortem. Only one had severe lesions. No kidneyiesias observed in this group. Four
(1260, 1269, 1278, 1313) of the ten animals had QRPP lesions and also no
mycoplasma was isolated from the lung tissues. fiean pathology score was 1.8.
There was substantial evidence of CBPP lesionshénunvaccinated controls. Three
(1283, 1298, 1274) of the 10 unvaccinated animald bevere CBPP lesions when
examined post-mortem. Fibrous adhesion to the aijpecwas common in these three
animals. Severe kidney lesions were observed gethnimals (1263, 1293 and 1274) in
the control group. Mycoplasma was isolated fromhemnimals in the group. The mean
pathology score was 4.2. The vaccinated and thevaocinated animals did not show

gross lesions of the lymph nodes or joint involvaime
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Animal Post-mortem findings Mmm | Total pathology
number isolated| score
CPS 1260 | No lesion -ve 0
Conjugate .
vaccinated 1307 No lesion +ve 2
group 1269 No lesion -ve 0
1256 | No lesion +ve
1311 | Fibrous adhesion (4 cm), diaphragmatic +ve 4
adhesion, sequestrum in remission
1299 | Fibrous adhesion to the thoracic cavity, +ve 8
sequestrum (10x10 cm)
1278 | No lesion -ve 0
1291 | No lesion +ve 2
1313 | No lesion -ve 0
1280 | No lesion +ve 2
Mean score 18+2.57
Unvaccinated 1279 No lesion +ve 2
group 1283 Adhesion to thoracic wall (12 cm), +ve 12
diaphragmatic adhesion, pericardial
adhesion, sequestra (8 cm)
1263 No lesion +ve 2
1293 Kidney — liquefied fat and haemorrhage -ve 0
1298 Adhesion to thoracic wall (14 cm), +ve 12
diaphragmatic adhesion, Sequestra
(17x14 cm)
1274 Adhesion to thoracic wall (2 cm), +ve 8
sequestra (1x1)2, kidney — liquefied fat
1290 No lesion +ve 2
1289 Heart — increased pericardial fluid +ve 2
1272 No lesion +ve 2
1294 No lesion -ve 0
Mean score 4.2+4.66

Table 5.6Results of gross pathology aMinmisolation outcome of CPS-conjugate
vaccinated cattle and challenged with IMenmexperiment
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Figure 5.8 CBPP gross pathology. Fibrous strands of fibrimensedherent to the parietal
and visceral pleura. The lobes were adherent todilghragm, rib cage and adjacent
lobes of the lung.
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Figure 5.9 Encapsulated sequestraum with necrotic tissueoiais by the arrow.
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5.3.4 Immunological response to vaccination and change

The results of CFT serological responses followiagcination are recorded in Table 5.3.
Only one (1256) animal seroconverted following Céffer vaccination with a titre of

1:10. This animal did not have CBPP lesions whanigitered at the end of the trial.
None of the animals in the control group were foundbe positive during this

experimental period. Only two (1311, 1299) of th@ \accinates reacted to CFT
following challenge and had typical CBPP lesionise Tontrol group had more animals
(5/10) seroconverting after challenge with thre28@, 1298, 1274) of them developing
typical CBPP lesions. Two animals (1279 and 12H2} had low titres did not show

CBPP lesions.
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Animal number

CFT maximum Ab titres

After vaccination

After challenge

Vaccinated with
CPS conjugated

vaccine

1260

1307

1269

1256

10

10

1311

320

1299

160

1278

1291

1313

1280

Unvaccinated

group (Control)

1279

10

1283

320

1263

1293

1298

640

1274

40

1290

1289

1272

20

1294

Table 5.7 CFT antibody titres following CPS conjugate vaccimaccination

challenge.
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Determination of the IgM, IgG and IgA titres agditiee CPS was done using an Indirect
ELISA. Anti-CPS IgM titres were low following prinmg vaccination. Analysis of the
resulting serum samples indicated that cattle impach with the glycoconjugate
exhibited significantly higher anti-CPS IgG thanVigAb titers. After the secondary
immunization high antibody titres were detectechgdndirect ELISA. The average Ab
titres for IgM and 1gG had an increase of two ffdtlowing the boost (Fig. 5.6). IgA Abs
may have been too low to be detected by the meatised. The CPS conjugate vaccine
produced high titres of 1gG following secondary ciaation. Only one animal (805) of
live attenuated vaccinated group produced titredg& equal to the CPS conjugate

vaccinated group.
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Figure 5.10 Antibody titres of cattle immunised twice threeeks apart with 200 pg
CPS conjugate vaccine measured by ELISA. Anim&$,(805, 812, 816 and 811) were
vaccinated with T1/44 live attenuated vaccine aad o lesions
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5.4DiscUsSsION

5.4.1 Introduction

The study demonstrates that conjugated capsulgis@otharide vaccine mixed with
Emulsigen as adjuvant induces partial protectioncattle against challenge with
contagious bovine pleuropneumonia. The data predehere demonstrate that CPS

conjugate from Afadé strain vaccine is immunogemd efficacious againsimm

It has been described in the previous studies (L&tyal, 1971) that CPS alone did not
induce protective immunity. Lesions in joints anddrieys and a prolonged
mycoplasmaemia were observed. Waite and March {20@2nonstrated that mice
immunized with the CPS ovalbumin conjugate exhib#esignificant antibody response
against CPS but did not exhibit a reduction in npfasmaemia. However, the capacity of
CPS conjugate experimental vaccines to induce @iegeimmune responses has been
demonstrated with a number of bacteria (Baratal., 2005; Burtnicket al, 2012) .
Given the general success of CPS conjugate vacdimestudy sought to evaluate the

capacity of CPS ovalbumin conjugate vaccine ineatt

5.4.2 Clinical observations

The clinical signs in the vaccinated and non-vaatgis groups appeared 3 weeks post-
inoculation. Although no statistical difference wasserved (P>0.05), the non-vaccinate
seemed to have developed more severe clinicalwhetinates. More animals in control
group (8/10) experienced respiratory distress coetpéo the vaccinated (5/10). Fever

was inconsistent as some of the animals with Issiah necropsy did not show
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temperatures of above 38%% Fever may therefore not be a reliable indicafo€EBPP

infection as also demonstrated by Gull and oth2043).

5.4.3 Gross pathology findings

Differences in gross necropsy lesions between #oeimated and non-vaccinated groups
were evident, with lung lesions and adhesion toritheage being more extensive in the
non-vaccinated animals. Interestingly, kidney Iasiavere only observed in the non-
vaccinated animals. The kidney lesions were indieabf progression of disease to
chronic phase (Griecet al., 2001). In general, infection was not very sevesethee
chronic disease developed in the non-vaccinate.ogsiple explanation would be the
animals used in the experiment were resistant. Weweendobronchial inoculations
method used may have resulted in chronic diseasterpathan natural exposure

(Scacchieet al.,2011; Gullet al, 2013).

The vaccine did not prevemm lung colonization in all the challenged animals.
Mycoplasma was recovered in 5 vaccinated animals8aim the control group. All lung

tissues with gross lesions were positive on mycpéaisolation.

5.4.4 CPS conjugate vaccine efficacy

Efficacy of the vaccine as calculated using Hudsow Turner lesion scores CPS
conjugate vaccine was 57%. Similar protection rate$0-80% have been observed
previously in experimental studies with live vaasn(Gilbert and Windsor, 1971;

Thiaucourtet al. 2000; Nkandeet al.,2012).
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5.4.5 Antibody responses and protection

The serological response, as assessed by CFT dmecinELISA reveal that the vaccine
presentedVimm specific circulating antibodies. Only one out @ &nimals produced
CFT Ab titres of 1/40 following revaccination. Ingstingly, the Abs lasted only three
weeks after challenge. Thus the majority of cattld not respond serologically to
revaccination. On challenge however, eight out®baccinated animals were resistant to
infection. This has also been observed in otheeexents of vaccination with T1/44 in
which animals did not seroconvert at immunizatiant kvere resistant on challenge
(Gibertet al., 1970; Windsoret al., 1972) Windsor 1972). The antibody levels of IgM
may have been low as the CFT has been shown t@plyndetect IgM (Barbeet al.,

1970).

Indirect ELISA indicated production of serum immgtabulin IgM and IgG two weeks
post vaccination. A second dose administered iegulh a two-fold increase of the
antibody responses. Higher levels of antigen sjppetjG were detected compared to
IgM. This ability to switch from IgM to IgG has beeshown in other experiments
involving CPS-conjugate vaccines (Burtnickt al., 2012). Vaccination with
glycoconjugates as opposed to pure polysacchanmes)pts T-cell help for B cells to
produce IgG antibodies against the polysaccharheponent (Avci and Kasper 2010).
According to Avcil and others, (2012) the carbolayelimajor histocompatibility class I
(MHCII) activates carbohydrate-specific CD4+ T-cellones to produce cytokines
(interleukins 2 and 4) that are essential for mhog T-cell help to antibody-producing B
cells. The switching of polysaccharide-specific HdAlgG, glycoconjugate

immunization induces memory B-cell development dadell memory (Avcilet al,
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2013). Although secretory IgA again®mm infection correlates with protection
following experimental infection of cattle (Niareg al., 2006), there was not a similar
increase in serum IgA titres following the immuniaa. Two doses of CPS-conjugate
vaccine elicited anti-CPS antibody titres compagdblor higher than those induced after

immunization with live attenuated vaccine

5.4.6 Conclusion

In conclusion, the results of this experiment shibat capsular polysaccharide antigens
conjugated to a protein is immunogenic and induagegtive immunity in cattle. The
study has also demonstrated that high immunogloiiG and IgM) responses can be
raised against the carbohydrate component of tH&-li2R8ed glycoconjugate. However,
Ab titres did not correlate with clinical or patbgy signs of CBPP, as already described

(Garba and Terry 1986; Niareg al., 2006).

Epidemiological data suggest CBPP disease in angpe®graphical area is caused by a
limited number ofMmm serotypes (Marclet al., 2000). Since the CPS structure is
maintained in all serotype, a conjugate vaccineldvtherefore offer protection in diverse

geographical areas.
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CHAPTER 6: GENERAL DISCUSSION, CONCLUSION AND
RECOMENDATIONS

This thesis describes a series of experimentaluatiah of whole Mmm antigen,
membrane proteins and capsular polysaccharide (&ftg)ens to establish whether they
can induce protective immunity and therefore cdutsi vaccine candidates. It also
reports on the humoral immune responses followegcination with the antigens. After
experimental vaccination of cattle with heat killetiole Mmm cell lysate with Freud’s
complete adjuvant and CPS conjugate vaccine in &gen adjuvant significant partial
protection was observed. Live attenuated T1/44 imacelso offered partial protection
while membrane protein vaccine in Emulsigen adjuvasulted in enhanced disease.
Correlations between the specific immune respoesieged following vaccination and
protection were not conclusive. These findingsdiseussed in this chapter in the context
of identifying the protective components imm that might aid in development of an
efficacious vaccine against CBPP. It also preseatommendations for follow-up

studies.

In chapter 3 and 5, evidence is presented thadilmmand CPS conjugate vaccinated
animals could partially protect from CBPP infectimliowing challenge. These findings
support the idea of developing a killed mycoplasmecine with an appropriate adjuvant
or sub-unit vaccine against CBPP. CBPP vaccinerebaising inactivated formulations
(Garba and Terry 1986) concluded that inactivaMohm induce poor protection,
although (Grayet al., 1986) demonstrated complete protection of animafgosed to
natural infection following vaccination a high dgsaof Mmm lysate mixed with

Freund’s complete adjuvant. The result in chaptandicates that the type of adjuvant
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may be playing a critical role in determining thetpctive capacity of the antigens. The
complete Freund’s adjuvant offered significantlyttée protection than the Freund’s
incomplete adjuvant. Previous investigations i@ influence of adjuvant in developing
a CBPP vaccine revealed comparative results (Gatrlzd, 1989). The experiment by
Garbaet al. showed that Freund’s incomplete and liquid paradidjuvants containing

Arlacel A were more efficient than Aluminium hydide gel and Sodium alginate.

Studies tend to point that many adjuvants work ¢tvation of innate immune response
that create a local immune-competent environmetiteasite of injection (Awatet al.,
2013; Didierlaurenet al.,2009). Several mechanisms have been put forwardhéoway
adjuvants act, including formation of ‘depot’ aetimjection site for sustained release of
antigens (Herbert, 1968; Didierlaureet al., 2009), up-regulation of cytokines and
chemokines that lead to cellular recruitment at gite injection site (Goto and Akama
1982; Mckeeet al.,2009; Seuberet al.,2008), enhanced antigen uptake and presentation
by antigen presenting cells (APC) (Guétyal.,1996; Flachet al.,2011), stimulation of
dendritic cells (DC) maturation that is required &bficient T cell activation (De Smedt
et al., 1996; De Beckeet al., 2000; Fujiiet al., 2003) and activation of inflammasomes
that trigger non-specific activation of the innatemune system (Didierlaurert al.,
2009; Seubert al.,2011). The water-in-oil emulsions (Freund’s corngpledjuvant) has
been shown to act by its depot effect that generatelonged and sustained high
antibody titres (Herbert, 1968) and activation & e Smedet al.,1996; De Beckeet
al., 2000). This observation was realised in the presgperiment as animals vaccinated
using Freud’s complete adjuvant had the highestheurof animals that seroconverted

following vaccination. Previous studies had alsovah that when the CPS was given
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alone it does not induce production of agglutimatto CF antibody. However, when the
CPS is given together with Freund’s complete adjtiva low level of antibodies are
detected (Hudsomt al., 1967). Emulsigen adjuvant was used in this stuaset on
ability to elicit a robust production of humoraltdrodies (Van Donkersgoest al., 1996;
Levastet al., 2014). Since adjuvants skew the immune respongartbpromotion of a
Thl-type immune responses or induce a Th2 respdhidlan et al., 1998; loannoat
al., 2002; Parameswarant al.,2014), an understanding of mechanisms of adjsviant

be used in the design of CBPP vaccine is important.

The CPS conjugate vaccine gave partial protectithroagh previous studies performed
in the 1960s and 1970s where CPS derived fktmm induced lesions comparable to
those produced by CBPP, and aggravated the disdase administered together with
Mmm (Hudsonet al.,1967; Lloydet al.,1971). Intravenous injection of the CPS also led
to the occurrence of a prolonged mycoplasmemia aftbsequent inoculation dmm
(Hudsonet al., 1967). Since mycoplasmas are predominantly extudae parasites a
distinct antibody response would be expected toflarticular importance in protection
by preventing colonization of lung tissues. It lh@gn proposed that an effective vaccine
against CBPP should induce both local antibody &hd interferon-gamma (IFN}
responses (Dedieet al, 2006; Dedieu, 2008). Immunization with the CP®jegated
vaccine elicited an elevated IgG response tham imdication of up-regulation of IFN-
and IL2 and hence a Th1l type of response may hw@vied (Abusugraet al., 1997; Ada
and Isaacs 2003; Chet al., 2003; Wanget al., 2015). OtheMmm antigens that have
also been shown to stimulate CD4+ T cells proliieraand IFN-y responses vitro are

lipoprotein A (LppA) and glucose-specific 1IBC coonent (PtsG) (Tottet al, 2010).
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The switch to from IgM to IgG-secreting B-cell nally requires interaction with an
activated, antigen-specific Th lymphocyte (Ada dsaacs 2003). IFN-is one of the
major cytokines involved in the immune responsedonter mycobacteria infection, and
its main function is to activate macrophages thllswang them to exert there
microbicidal functions (Cavalcangt al., 2012). Understanding of the immune response
following CPS conjugate vaccines will be importam designing an effective vaccine

against CBPP.

The CPS-ovalbumin vaccine results reported in ttesis indicated that the mice model
may not be appropriate for testing CBPP vaccine &kperiment by Waite and March,
(2002) had shown that mice immunized with the CR&bumin conjugate did not

induce antibodies that could reduce mycoplasmeatiewing challenge. The absence of
an animal model for CBPP as demonstrated in ch&pier serious drawback to “proof-
of-concept” experiments as observations in murir@ mot correspond to bovine host.

Therefore considerations should be given to theotisattle for such experiments.

The antibody titres or specificities investigatedlldwing vaccination with Mmm
membrane proteins in chapter 4 did not correlatd ptiotection. However, this does not
necessarily mean that antibodies have no role ateption. Since the wholelmm cell
lysate induced protection when used in the heattiveted with Freud’'s complete
adjuvant formulation several immune responses neaefuired to work in tandem. This
has also been observed by Schietlal., 2014, high antibody titres against selected 65
Mmm surface proteins did not have antigen-specificibadies correlating with

protection. The enhanced diseased observed aftecination of cattle withMmm
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membrane proteins and challenge with IMenm provides a mirror of how immune
responses can enhance pathology. Immune compleasdisseems to be a feature in the
lung vasculature. A recent study on vaccinationaifle with the N Terminus of LppQ of
Mmm resulted in Type Ill Immune complex disease upormpeexnental infection
(Mulongo et al.,2015). The result in this thesis is also conststgth other reports that
point to uncontrolled inflammation as the major festation of CBPP (Provost al.,
1987). Unregulated immune response has also begested as a mechanism by which
Mmmensure its propagation and dissemination (Dedteal., 2006; Piloet al., 2007).
There is need therefore to investigate how immuppessive therapy would affect the
clinical outcome of CBPP. These challenges alsiate that as more antigens are being
identified that may induce protection, it's impaortdhat they be evaluated to see if they

predispose cattle to accentuated disease.

The result of the current work indicates that fat@BPP research may need to focus on
development of a CPS-based conjugate vaccine, ndigieg proteins that may be
protective and identification of an appropriate uadint to be used. Although
polysaccharide-protein conjugates as vaccines ha&esm shown to be very effective,
cost-effective technologies for production stilledeto be developed to increase their
availability. Partially synthesized antigens areréfore desirable in production of these
vaccines. This has been demonstrated in the stuithg @ntigenicity and immunogenicity
of severalH. influenzatype b synthetic oligosaccharide-protein conjugatelaboratory
animals and clinical evaluation in humans that stibvadequate long-term protection
(Ferna'ndez-Santars al., 2004; Vliegenthart, 2006). The commercial vacaossisted

of eight repeated units conjugated to human albyMiregenthart, 2006). Production of
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a vaccine through synthesis of oligosaccharidethesefore, at least in some cases,

commercially feasible.

The clinical course of infection following endobomal inoculation presented some
notable observations. First, fever seemed to benagliable indicator of CBPP infection
as animals without fever had gross necropsy lesidhgs has also been observed in
previous experiments (Gukt al, 2013). Secondly, cough also appears to be an
inconsistent clinical sign, as animals with lesiarfs moderate to severe disease at
necropsy had no noticeable cough. Thirdly, a pridgoiof cattle in the experiments were
resistant as observed in previous experimentattiaie with Mmm (Nkandoet al, 2010;
Gull et al, 2013). An innate mechanism may be playing a big in control of disease
during a primary challenge, as also suggested WyD4-depletion experiment that
showed that CD4+ T cells contribute little to thatamme of disease in a primary
infection (Sacchinet al.,2011). There is therefore a need to improve orefperimental

model for testing vaccines against CBPP.

In conclusion, the work presented in this thesis demonstrated that conjugated CPS
vaccine in Emulsigen adjuvant and heat-inactivatdddle Mmm in complete Freund’s
adjuvant offer partial protection against CBPP. Mram membrane proteins vaccine in
Emulsigen adjuvant is not a suitable vaccine tai@eimproved CBPP vaccines. There is
therefore a need to improve on the CPS conjugatein@ by evaluating different
proteins and dosages that may be more effectiemtifctation of adjuvants needs to be

assessed based on proper understanding of thefpretenmune responses agaivshm
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infection. The work presented in this thesis presem understanding that will set the

stage for further investigation into vaccine depehent as a means of controlling CBPP.

The following are the recommendations and futuseaech perspective from the study:

1.

Future research should focus on identification @ogent and safe adjuvant that
can be used to develop an inactivated vaccine.

Development of a sub-unit vaccine is feasible artdgins that may be involved
in immunopathology should be eliminated from thexfolation.

There is need to understand the immune reactiopecedly the role of Thl
mechanism and innate immunity.

Specific epitopes on the capsular polysacchariée¢ tiave protective capacity
need to be identified. This may enable synthetadpction of the carbohydrate
components and hence a commercially feasible vaccin

Future studies may assess different dosage of & dOnjugate vaccine, evaluate
coupling of the CPS to different carrier proteindfeet, stability and

immunogenicity and explore use different typesdjbiaants.
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CHAPTER 8.0 APPENDICES
Appendix 1

PROTEIN CONCENTTRATION USING BCA PROTEIN ASSAY PROT OCOL

The microplate procedure requires a smaller vol(200 ul) of protein sample, and
because the sample to Reagent AB ratio is 1:8tanbtss in the Substance Concentration
Tolerance Chart on the first page of this prot@rel not diluted out as much as with the

cuvette procedure.

Preparation of BSA standard
The table below was used to prepare a set of B&Adards to make a standard curve.
Stock BSA standard is 2 mg/ml.

125-2,000ug/ml

VIAL pl PBSpl SOURCE CONCENTRATION
A 0 100yl stock 2,00Qug/ml

B 50 150ul stock 1,50Qug/ml

C 100 10Qu stock 1,00Qug/ml

D 100 100ul Vial B 750 pg/ml

E 100 10Qu Vial C 500ug/mi

F 100 10Qul Vial E 250pg/ml

G 100 10Qul Vial F 125ug/ml

H 100 0 Oug/ml

Preparation of unknown samples

Unknown samples were tested in triplicate and ¢selts averaged.
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Two dilutions in triplicate were done (1:10 andd0})

Preparation of reagent AB

To determine how much of Reagent of AB that waslireq for 200ul per well. NOTE:

a standard is required on each plate. # unknowwlituBons x # replicates = unknown
wells (standard wells + unknown wells) x 0.2 = mReagent AB

Example: 1 standard and 3 unknowns in triplicatdil@&ions x 3 = 24 wells of standard
3 unknown x 8 dilutions x 3 = 72 wells of unknov@d (+ 72) * 0.2 = 19.2 ml for one full
96 well plate. Mix Reagent A with Reagent B in alSfatio In this example, at least 19.2
ml is needed: 20 ml Reagent A + 0.4 ml Reagent BemMReagent A and B are mixed,
the solution will turn light green. This is the &qgped result. Reagent AB must be

prepared immediately before use.

Preparation of microplate

Add 25l of each BSA standard into microplate wells, cahsmi-3. Vial A goes into
row A, Vial B goes into row B, and so on. Add @%f unknown 1 into microplate
wells, columns 4-6. Vial A goes into row A, Vialges into row B, and so on. In the
next columns, repeat for unknown 2 and 3, if agtlie. Add 20Qul of Reagent AB to

every well containing a sample.

Reading the microplate
Incubate plate at 60° C for 15 minutes or 37° Gfbminutes. Remove plate from
incubator and let cool at room temperature for bButgs. Measure absorbance of all

wells in a microplate reader at 562 nm. Plot addash curve using the data from the
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standard sample dilutions and use the curve tormate the concentrations of each

unknown.

141



