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INTRODUCTION

Globa meat production is predicted to rise by 1.6% over theoutlook period,
with poultry becoming thelargest meat sector by 2020 (AV EC, 2014) estimated to nearly
triple by 2020. So besides paying attention towards important diseases of poultry need to
focus a so on emerging diseases of poultry. Gallibacteriumanatisinfectionisan emerging
disease of poultry. Growing concern about G. anatisisitspoorly understood pathogenesis
and growth kinetics. Theseknowledge gapsareinhibitory for taking countable step for control
and prevention of G anatisinfections. G anatis (earlier known as Pasteurella anatis) is
resident intheupper respiratory tractsandthelower genitd tractsof hedlthy chickens(Bisgeard,
1977; Mushinet al., 1980). It has been reported to be associated with bacteremia, oophoritis,
follicle degeneration, salpingitis, peritonitis, hepatitis, enteritis, and respiratory tract diseases
in chickens (Addo and Mohan, 1985; Bojesen et al., 2003b; Jordan et al., 2005; Neubauer
etal., 2009; Kristensen et al., 2011).

Gallibacteriumanatisisanimportant pathogen of intensively farmed poultry birds
causinglossin production with heavy mortality inbroiler chicken and dropinegg production
inlayerswithincreased mortaity (Bojesen et al., 2008). G anatisisa so reported to infect
turkeys, geese, ducks, pheasants, partridges, budgerigars, peacock, cagebirds, wild birds,
cattleand pig (Kjos-Hansen, 1950; Bisgaard, 1977; Mushin et al., 1980; Bisgaard, 1993;
Christensen et al., 2003; Rzewuskaet al., 2007; Bisgaard et al., 2009; Gregersen et al .,
2010). Recently, it hasa so been associated with fatal bacteremiain animmunocompromized
patient (Gautier et al., 2005; Aubin et al., 2013). The global distribution of G anatisin
Europe (Mréz et al., 1976; Bisgaard, 1977; Christensen et al ., 2003; Bisgaard et al ., 2009),
Africa(Addo and Mohan, 1985), Asa(Suzuki et al., 1996), Austrdia(Gilchrist, 1963) and
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theAmerica(Hacking and Pettit, 1974; Shaw et al., 1990; Bojesen et al ., 2007; Mendoza
et al., 2014) indicated itsworl dwide preva ence. Its associ ation with avariety of pathology
makesit difficult to be diagnosed even after postmortem in aosenceof pathognomoniclesion
and the disease often create a state of hocus and pocus with Fowl Coryza, New Castle
diseaseand Bird Flu (Christensen et al., 2003).

Gallibacterium anatis is a gram-negative, rod shaped, non-motile, capsulated,
facultative anaerobic bacteria, kept infamily Pasteurellaceae by Pohl 1981 (Christensen et
al., 2003, Bisgaard et al., 2009). G anatishastwo biovar, i.e., ahaemol ytic bv.shaemol ytica
and a non-haemolytic bv. anatis (Christensen et al., 2003). Currently, G anatis and
Gallibacterium genomospecies 1 and 2 (Christensen et al., 2003), Gallibacterium
genomospecies 3 and Gallibacteriumgroup V are members of the genus Gallibacterium
(Bisgaard et al., 2009).

Though theinfection of Gallibacteriumistreatablewith antibiotics, thefrequency of
treatment failure of Gallibacterium seemsto be arecurrent problem (Kehrenberg et al.,
2006; Bortolaiaet al., 2010). Ocurrence of multidrug resistant strainsof G anatishasbeen
observed (Aarestrup et al., 2004; Schwarz et al., 2004; Kehrenberg et al., 2006; Bojesen
et al., 2011) showing res stance towards novobiocin, tylosin, clindamycin, tetracyclineand
penicillin (Post et al., 1991; Wattset al., 1994; Mevius and Hartman, 2000; Malik et al .,
2005; Bergeet al., 2006; Hendriksen et al., 2008; Johnson et al., 2011; Joneset al., 2013).
Resistanceto sul phadrugsand streptomycin has a so been reported in Gallibacteriumstrains
afew yearsago (Guo et al., 2009).

Deuterium (?H or D), oneof thetwo stablesisotopesof hydrogen containsoneneutron
and oneproton; it wasfirst separated by Urey and coworkers (1932). Thechemical properties
of heavy water, oxide of deuterium (D,0), and smplewater (H,0O) aresame but difference
exigsinphysica propertiesof thetwo. Two independent physiologicd effects; (1) Isotope
exchange effect and (2) Solvent isotope effect (Bass and Moore, 1973; Sugiyama, and
Yoshioka, 2012) arethe major reasons behind itsbiol ogica effectson exposed living cells.
Naturally D,Oispresentinlow concentration in natural water bodies (1 ppm) without any
noticeabl e effect on life processes, but whenits concentration goes above 20% itsadverse

health effectsbecome evident specificaly on higher lifeforms. Itisdueto 10 times stronger

Studies on growth kinetics of Gallibacterium anatis in presence of deuterium oxide..... e
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C-D bond than C-H bond (Bassand Moore, 1973; Sugiyama, and Yoshioka, 2012) leading
to structurd tightening of biomoleculesinturn causing, reduction in synthesisof proteinsand
nucleic acids, changesin kinetics of enzymatic reactionsand morphologica changesincells
(Katz et al., 1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni
and Strambini, 2002). However, microbes have been reported to adapt to grow in presence
of even 100% D, O. Adaptation to grow in D, O isamultifactorial phenomenon, affecting
cdlular sysemsind uding biosynthes sof macromol ecul es, metabolism and trangport functions
of cells(Mosinand Ignatov, 2014). Theability of adaptationin heavy water isnot sameinall
speciesof bacteriaand may bevaried in oneframe of taxonomicfamily (Mosinet al., 1996a,
1996h). Dl eteriouseffectsof heavy water have been observed onluminousbacteriaindicated
by slow growth and low [uminesces (Steinbach, 1949). Heavy water confer the stability to
complex proteinswhen dissolvedinit (Tomitaet al., 1962). The dataobtained confirm that
adaptation to heavy water isaphenotypic phenomenon (Mosinet al., 1993) and may lead to
morphologica changesin macromoleculesand thusinliving cells (Walker and Syrett, 1959;
Mosin, 2012). Heavy water isunderstood to affect stability and probably growth pattern of
microbes. Thus, it may beexploited toincrease shdf-lifeof microbesand their macro-molecules
which may be used for development of thermostabl e vaccine, preservation of cells, organs
andindustriadly useful enzymes. Moreover, through enhancing stability of pharmacologicaly
important moleculesbiological efficacy of someof the drugs can beenhanced. Besides, if we
can adapt thecommercially important bio-molecule synthesizing microbesto D,O they may
beexploited for larger utility. Therefore, itisenvisaged that growth kinetics, surviva of adapted
strain and parent strain, thermo-stability and antimicrobid drug resistanceof Gallibacterium
anatis, afragilekind of bacterium difficult to maintainin laboratory under normal culture
conditions, should bestudiedin presence of D,O.

Thereforethis study has been planned with thefollowing objectives:
Objectives:

1 Tounder stand thegrowth kineticsand survivability of Gallibacteriumanatis
in presence of heavy water, and

2. Phenotypic char acterization of D,O adapted and par ent (non-adapted) isogenic
strain of Gallibacterium anatis.

5 S e
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2.1 Classification of Gallibacterium anatis biovar haemolytica

Phylum: Proteobacteria, Class: Gammaproteobacteria, Family: Pasteurellaceae,
Genus. Gallibacterium, Species: anatis, bv.: heamolyticaand anatis(Mutterset al., 1985;
Christensen et al ., 2003).

2.2 History of naming Gallibacterium

First timethebacteriawasisolated from cloacaof healthy chickensand described as
haemolytic “cloaca bacterium” by Kjos-Hansen in 1950. The meaning of Gallibacteriumis
‘bacterium of chicken’. Being similar to Pasturellain several charactersit wasearlier known
asP. anatis. Thegenusname Gallibacteriumwasfirst given by Bisgaard in the year (1982)
on the basis of certain phenotypic characters used for identification of Actinobacillus
salpingitidis and avian P. haemolytica. Christensen et al., (2003) established the genus
Gallibacteriumwithinthefamily of Pasteurellacaebased on 16srRNA (Christensenetal.,
2003b) gene sequences. Thegenusincludesthe strainsbelonging to G anatis, Gallibacterium
genomospeciesy, 2, (Christensen et al., 2003) 3 and un-named group V (Bisgaard et al .,
2009).

Taxon 1 designated as a third group of strains by Bisgaard in 1982 and named
Pasteurellaanatis(Mutterset al., 1985) was also found closely related to A. salpingitidis
and avian P. haemol ytica. However, with DNA -DNA hybridization they could not be clubbed
into onegenus (Piechullaet al., 1985; Bisgaard et al., 2009). Confusionisstill persistentin

naming bv.sand may be acontinued debatein coming years.
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2.3 Epidemiology
2.3.1 Prevalence

Gallibacteriumhave been reported from many European countrieslike Switzerland,
Denmark, Germany, Austria(Mraz et al, 1976; Bisgaard, 1977; Mirleet al., 1991; Neubauer
etal., 2007), African countrieslike Nigeria(Addo and Mohan, 1985), Asian countrieslike
Japan (Suzuki et al., 1996), American countrieslike USA, (Shaw et al., 1990; Bojesen et
al., 2007) and recently inIndia(Singh, 2015, IVRI annua Report 2015-16).

Thefactorsrelated to host and environment al so have been observed to nurture the
infection of G anatis. Host factors playing arole are hormonal influences (Kohlert, 1968;
Gerlach, 1977), age (Janetschkeand Risk, 1970; Bisgaard, 1977), stress (Rzewuskaet al .,
2007) and compromisedimmunol ogicd status(Bojesen et al., 2004). Important environmental
factorsare seasonal changes(Mirleet al., 1991) and cold stress (Matthesand Loliger, 1976)
inthesimilar pattern reported for infectionswith other membersof Pasteurellaceae (Gilchrigt,
1963; Mattheset al., 1969; Shaw et al., 1990).

2.3.2Habitat and Host range

Gallibacteriumstrainsareknown sincelong ascommon inhabitants of therespiratory
tract and lower genital tract of healthy chickens (Bisgaard, 1977; Bisgaard et al., 1993;
Bojesen et al., 2003b). Gallibacterium anatis has been isolated from chickens, ducks,
geese, guineafowl, turkeys, pheasants, psittacine birds, partridges, web-footed birdsand
budgerigars(Mushinet al., 1980; Bisgaard et al., 1993; Bojesen et al., 2003b). Especially
bv. haemolytica hasalso been isolated from healthy (Harry, 1962; Bisgaard, 1977; Mushin
et al., 1980; Bojesen et al., 2003b) aswell as sick birds, cattle and pigs (Gerlach, 1977,
Bisgaard, 1982, 1993; Christensen et al., 2003; Jordan et al., 2005; Bisgaard et al ., 2009).

2.4 Cultural and Biochemical Characterization

Thefamily of Pasteurellaceae compriseslargegroup of facultatively anaerobic, gram-
negative, non-sporing, chemo-organotrophic and fermentative bacteriaincluding the genus
Gallibacterium. All Gallibacterium species strains are non-motile have rod-shaped or

pleomorphic cells occurring singly or in pairs. Colonies on bovine blood agar are strongly 3-
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haemolytic, smooth, greyish, non-transparent, shiny, circular and raised with an entire margins,
1-2 mm diameter after 24-48 h at 37 °C, glowing at the periphery having appearance of
butyrous cons stency (Bisgaard, 1982).

All strains are catalase, oxidase, and phosphatase positive, and reduce nitrate
(Christensen et al., 2003). Gallibacterium genuscan be differentiated from other generaof
Pasteurellaceae with catal ase, symbiotic growth, haemolysis, urease, indole, acid production
from (+) D-xylosg, (-) D-mannitol, (-) D-sorbitol, (+) D-mannose, matose, raffinose, dextrin,

ONPG and PNPG tests(Table 1) (Christensen et al., 2003).

Table 1. Phenotypiccharacterisation of Gallibacterium speciesby sugar fermentation

Characteristics G anatisbv.: G anatisbv.: Gallibacterium  Gallibacterium
haemolytica anatis genomospecies 1 genomospecies 2
B-Haemolysis + - + +

Production of acid from:

(-) D- Arabinose €] - €)) D
(+) L- Arabinose - - D D
Mannitol + D D
m-Inositol D D - D
(-) D- Sorbitol D D - -
(-) L- Fucose C) - +H(+) D
Maltose D - + +
Trehalose D + + D
Dextrin D - +H(+) +

Note: Charactersare scored as: +, >90% of strains positive within 1-2 days; (+), >90% of strains positive
within 3—-14 days; -, <10% of strains positive within 14 days; D, doubt (+/-) 11-89 % of strains positive.
Besides these tests G. anatis was found to be positive for sugar D- Mannose, Melibiose, Raffinose, L-
Rhamnose, Salicin, Sucrose and D-Xylose (GIDEON, Guideto Medically Important Bacteria).

2.5 Transmission

Thecommonway of spreading infection isthrough horizontal dissemination. Infection
of month old poultry bird is common and appearsto be natural (Bisgaard, 1977). Trans-
ovarianinfection supporting thevertica transmiss on hasbeen experimentally proved (Matthes
and Hanscke, 1977) for G anatis. Isolation of G anatisfrom the egg yolk and detection of
G anatisina4-day-old chicken descended from adiseased parent al so supported vertical
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transmission hypothesisfor theinfection (Kohlert, 1968; Janetschkeand Risk, 1970; Huangfu
et al., 2012; Shapiro et al., 2013). Ascending infections appears to be the most probable

routefor theinfection of reproductiveorgans (Bojesen et al., 2003b; Neubauer et al., 2009).

Venered transmisson of infections d so seemsto befeas bl e asthe bacterium hasbeen detected

insemen of infected cockerels (Paudel et al., 2014b). Under favourabl e circumstances, the

bacterium caninvade systemic circulationfromitsnatura habitatsin respiratory and reproductive
tract (Hacking and Pettit, 1974; Shaw et al., 1990; Neubauer et al., 2009; Zepedaet al .,
2010; Paudel et al., 2013).

2.6

261

26.2

Virulence factor

RTX toxinsarefound in many members of Pasteurellaceae and areresponsiblefor
the haemolytic and leukotoxic propertiesin G anatis (Frey and Kuhnert, 2002).
Gallibacteriumanatis bv. haemol yticaproduces haemolysin like GtxA whichisa
typeof RTX-toxin (Kristensen et al., 2010). GtxA induces astrong leukotoxic effect
on avian macrophages and islabelled as amost important virulence factor of G
anatis(Kristenseet al., 2010, 2011). GtxA toxin hastwo domains. C-terminal with
homology to other RTX toxin and N-termina with no homology. C-terminal is
responsiblefor haemol ytic function but function of N-termina isunknown, however,
thisdomainisrequired for complete haemolytic activity (Kristensen et al ., 2010).
Thefour operon genesareresponsiblefor RTX toxin and aretranscribedin aorder
i.e., rxC, rtxA, rtxB, and rtxD. These toxinstarget the actin cytoskeleton of the
host cellsastheirimmuneevasion strategy (Aktorieset al., 2011).

Gallibacterium anatis have capability to adhere on the epithelial cellsof chicken
and other host cdlls(Klemm and Schembri, 2000; Lucio et al., 2012) by short fimbriae
(Vacaet al., 2011). A number of fimbriae of different sizes and shapes have been
defined belonging to the F17-like fimbriae and are grouped in 1-3 different fimbria
cluster (Kudirkieneet al., 2014). TheflfG gene cluster isresponsiblefor adhesion
protein of F17family (Bager et al., 20133). One of the detected fimbriae seemsto be
typelV-likepili having bundlestructureformed by thinfilament like other pathogenic
microorganisms evincing type 1V pili (Craig et al., 2004). TypelV fimbriae are
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appendages participatinginintercd lular matility, microcol ony formation, colonization,
and the secretion of proteasesby host tissues (Craig and Li, 2008).

Gallibacteriumanatis produces outer membranevesicles(OMVs) invitro (Bager
et al., 2013b) similar to al other gram-negative bacteria. Beside, periplasmic
components, componentsof cytoplasmic origin such asDNA have a so beenfound
as components contentsin OMV s (Mashburn-Warren and Whitel ey, 2006; Kulp
and Kuehn, 2010; MacDonad and Kuehn, 2012).

Gallibacteriumhave capsulein some strain which may contain virulence properties
as seen in Pasteurella multocida (Boyce and Adler, 2000). Capsuleisagenerd
structure made up of extracellular polysaccharideand hasbeen reported both in gram-
negative and gram-positive pathogens (Willisand Whitfield, 2013). The presence of
athin capsule on G anatis has been observed with transmission e ectron mi croscopy
(Bojesenetal., 2011). Thepresence of acapsulein primary cultureand disappearance

after sub-cultureiscommon finding (Kjos-Hansen, 1950).

Gallibacterium anatis metall oproteases may be having rolein infection process
(Garcya-Go mezl et al., 2005), are extracellular Zn containing enzymes (Haseand
Finkelstein, 1993; Miyoshi and Shinoda, 2000; Garcya-Go mezl et al., 2005).

However, their exact roleis<till to be understood.

Ability of abacteriumto form biofilmindicatesitsability of adherenceto surfacesand
livetissuesand playsrolein pathogenesis of persistent and chronicinfectionswith
increased res stanceto antimicrobiad s (Costerton et al., 1999; Donlan and Costerton,
2002). Biofilmforming ability of G anatis may beweak, moderate and strong with
conflicting reports (Johnson et al., 2013).

Some strains of G. anatis aggl utinates avian erythrocytes (Ramirez et al., 2012;
Zepedaet al., 2009). The presence of apotentia haemagglutininin OMV sreleased
from G anatis has been observed (Bager et al., 2013b; Johnson et al., 2013).
Some of these haemaggl utinins could be responsiblefor the observed aggl utinating
activity of some strains (Bager et al., 2013b; Bager et al., 2014; Johnson et al.,
2013).
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2.6.8 Other potential factorsinvolved in virulence:

2.6.8.1 Clugtered regularly interspaced short paindromic repeets (CRISPRS) act asabacterid

defencesystem againgt foreigninvasive DNA, suchasDNA from phagesand plasmids.
CRISPRs have been shown to interferewith transformation, which could explainthe
differencein natural competence seen between strains of G anatis (Horvath and

Barrangou, 2010; Kristensen et al., 2012).

2.6.8.2 Integrative conjugative d ements (ICE) are ableto exciseand integrateinthe genome

by genes encoded within these elements (Wozniak et al., 2009). | CEs have been
identifiedinthegenomesof G anatis(Johnson et al., 2013). Antimicrobia resstance
iswidespread amongisolatesof G anatisand might beassociated with ICEs (Bojesen
etal., 2011). The presence of mobile elements adjacent to genesencoding fimbrial
clusters(flf) havea so beenidentified (Kudirkieneet al., 2014).

2.6.8.3 Studies have described the presence of small colony variants (SCV's), especially

2.7

observed in primary cultures of Gallibacterium (Harbourne, 1962; Janetschke and
Risk, 1970; Greenham and Hill, 1962) showing differencesin haemolytic activity
(Greenham and Hill, 1962). The SCV sarereported to beassociated with increased
persistence, recurrent infections and increased resi stance towards antimicrobials
(Proctor et al., 2006).

Pathogenesis

Repeated isolation of G anatisfrom thetracheaand cloacaof hedlthy birdsindicates

itscommensa statusin the upper respiratory tract and lower genital tract of healthy chickens
(Kjos-Hansen, 1950; Harry, 1962; Hacking and Pettit, 1974, Bisgaard, 1977; Mushinetal .,

1980; Bojesen et al., 2003b). However, isolation of G anatisin association with awide

rangeof different pathological |esons, including septicaemia, pericarditis, hepdtitis, oophoritis,

follicledegeneration, enteritis, upper respiratory tract |esions, sal pingitisand peritonitisreveded

itsimportance as an opportunistic pathogen (Greenham and Hill, 1962; Harbourne, 1962,
Gilchrist, 1963; Kohlert, 1968; Janetschke and Risk, 1970; Pettit, 1974, Bisgaard, 1977,
Hacking and Gerlach, 1977; Addo et al., 1985; Mgjid et al., 1986; Shaw et al., 1990; Mirle
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etal., 1991; Suzuki et al., 1996). Recent investigations confirmed that G anatiscolonizes
theupper respiratory tract without causing clinica signs, whereasit may causeseverelesions
in the reproductive tract (Paudel et al., 2013). Studies established G anatis as the most
common singlebacteria infectionin chickenscausing reproductivetract disorders (Mirleet
al., 1991). Smultaneousinfection with other microorganisms(Gilchrigt, 1963; Mattheset al .,
1969; Shaw et al., 1990), hormonal influences (Kohlert, 1968; Gerlach, 1977), age
(Janetschkeand Risk, 1970; Bisgaard, 1977), seasonal changes (Mirleet al., 1991), stress
(Rzewuska et al., 2007), cold stress (Matthes and Loliger, 1976), and compromised
immunological status (Bojesen et al., 2004) are afew predisposing factors nurturing the

infection of G anatis.

In experimental infections semen quality hasbeen found to be reduced significantly
dueto decreasein sperm density, total motility with progressivemotility and membraneintegrity
(Paudel et al., 2014b).

2.8 Diseases associated with G anatis infection

Duetovast rangeof pathologica manifestationsof G anatisinfectionitisdifficult to
decidethe exact disease conditions caused by G anatis. In diseased birds mortal ity might
take placemainly dueto salpingitis, oophoritisand peritonitis. Respiratory tract infections
might beresponsi blefor major economiclosses dueto therisein treatment cost and | osses
dueto higher condemnation rates and mortality. Gallibacteriummay be causing primary or
secondary infectionsleading to fata bacteremiaand septicaemia Theseverity of clinica signs,
duration of thediseaseand mortadity ratearevariable and influenced by environmentd factors,
such aspoor hygiene, inadequate management ventilation, ammonialeve sin poultry premises
and concurrent diseases. Study on pathogen-specific genes of Gallibacterium populations
(Johnson et al., 2013) suggested the ability of the pathogento causelesionsinreproductive
organssuchasfolliculitis, ruptured and haemorrhagicfolliclesaswell asadropinegg production
in adult hens ( Hacking and Pettit, 1974; Neubauer et al., 2009; Joneset al., 2013; Paudel
et al., 2014a).

Mirleet al. (1991) examined 496 henswith reproductivetract lesionsand isolated

Gallibacteriumin pure culturefrom 23% of the diseased organs. Haemolytic G anatiswas
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associated with infection in birdskept inintensive husbandry systems and suffering from
reproductive disorders (Neubauer et al., 2009).

2.9 Clinical signs and lesions

Normally thefinding and identification of signsand symptom of diseases caused by
Gallibacteriumanatisinfection in chicken are not pathognomonic leading to creation of
mumbo andjumbo condition between thedifferent smilar symptometic diseaseslike Newcadtle,
fowl choleraand bird flu. Even though haemolytic isolates are primary disease causing bv.
non-haemolytic strains might be associated with chronic cases of localized or generalized
purulent peritonitiswith E. coli. Gallibacteriumanatis have al so been found to cause acute
septicaemia
2.10 Diagnosis of Gallibacterium infection

Gallibacterium anatis infection can be confirmed only through agent isolation
characterised by phenotypic and genotypic methods. The difference between the
genomospecies 1 and 2 ispossible only through genotypi c methods dueto the phenotypic
heterogeneity among strains (Christensen et al., 2003). Presently the best way to identify the
Gallibacteriumisthrough phenotypic (Table 1) characterisation (Christensen et al., 2003)
or by specific probe, GAN850 (Bojesen et al., 2003b). A number of genotypic methods
have been established for identification of Gallibacterium (Bojesen et al., 2003a, 2007).
The specificity of thesemethods, however, remainsto beinvestigated (Bisgaard et al., 2009).

SpecificITS-PCR ableto amplifiessdectively GallibacteriumDNA and generating
short fragments compared to other members of Pasteurellaceae (Leyset al., 1994; Fussing
etal., 1998; Guetal., 1998; Christensen et al., 2003b).

Gallibacteriumhasarelatively short internal transcribed 16Sto 23SrRNA gene
sequences compared to other members of Pasteurellaceae, based on the information the
Gallibacterium specific PCR (Bojesen et al ., 2007) targeting on 16srRNA sequenceare
designed (Benson et al., 2004). The primer 1133fgal (5’-TATTCTTTGTTACCARCGG-
3’) and 114r (5’-GGTTTCCCCATTCGG-3’) are often the chosen ones with specificity
(Lane, 1991). Besides, AFL Ptyping method isfound to be useful for distinguishing between
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closdy related Gallibacteriumanatis clones, thus enabling recognition of specific pathogenic
clond lineages (Bojesen et al., 20034).

Rapid and specificidentification of individual bacteria cellscan beachieved by the
fluorescent in situ hybridization technique (FISH) based on fluorescent labelled
oligonucleotides complementary to bacteriad 16SrRNA. Thismethod has advantagesover
thetraditiona culture based methodsduetoitsability toidentify live/ intact cellsaswell as
non-cultivable organisms (Bojesen et al., 2003a).

2.11 Prevention and control

A pan-genomic reversevaccinology (RV) approach hasbeen applied toidentify novel
and potentially broadly protectiveimmunogensfrom G, anatis (Rappuoli, 2001; Medini,
2005; Bager et al., 2014). However, thereisno potentia vaccinein themarket to control G
anatisinfections. Only antimicrobia chemotherapy istheavailablemethod for containment of
thedisease caused by G anatis. Besides, general hygienic measures can betakenintheway

smilar to control of other contagiousdiseasesin poultry farms.
2.12 H,O Vs D,O- Physicochemical characteristics

Deuterium (°H or D), an stableisotope of hydrogen, contai ning one neutron and one
proton, wasfirst separated by Urey et al. (1932). The O-H bondsare 0.5% longer than O-
D bonds, marking theimportant difference between the molecular structuresof ordinary and
heavy water. Heavy water (D,0) has compl etely the same chemical characteristicsasH, O,
but itisquitedifferent at physical front having higher melting point (3.82 °C), boiling point
(101.72°C), density (1.017 g/cm®), temperature of maximum density (11.6 °C) and heat of
vaporization (10,864 ca/moal). It has been accepted that two i ndependent physiologica effects

occur when aliving systemisexposedto D,O:

i) anisotope exchangeeffect on functiona proteins

i) asolvent i sotopeeffect onionic conductivity

Thesedifferencesareresponsiblefor lower mobility of monovalent cations, reduced
to <20% (Bassand Moore, 1973; Sugiyamaand Yoshioka, 2012). When H isreplaced with
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D inthe biological molecule, the C-D bond isabout 10 times stronger than the C-H bond,
which meansthe C-D bond ismoreresi stant than the C-H bond for dissociation conferring

theincreased stability to biomolecues (Sugiyamaand Yoshioka, 2012).
2.13 Effect of D,O on living cells/ bacteria

Chemical reactions proceed more slowly in deuterated water (Taylor et al., 1933)
thusaffecting all thebiological processeswhich arethe outcome of biochemical reactions.
Oxygen consumption of luminous bacteriainwater containing deuterium oxided owsdown
which showstheharmful effect of heavy water onliving things(Taylor et al., 1933; Harvey
and Taylor, 1934; Lewis., 1934). Excess of deuterated water causesreductionin synthesisof
proteinsand nucle cacids, disturbancein cell division, changesin enzymatickinetic ratesand
cellular morphological changes (Katz et al., 1957; Katz and Crespi, 1971). For bacteria,
different responses of deuterated water on growth ranging from no effect to inhibition and
even gimulation have been reported (Lester, 1960). In the case of biochemica changesit has
been observed that among citrate-positive organismsin the presence of D, 0O, the utilization of
citrate carbon was del ayed and citrate utilizing K. aerogenesfailed to do so in presence of
D,0 (Ramakrishnaiah, 1990). Heavy water increasestherma stability of microorganismsand
reducesdisintegration of certain macromolecules (Crainic and Simpson, 1994; Kushner et
al., 1996).

Though not in bacteria, heavy water isknowntoinhibit cellular processesinmammals
at higher concentrations (Thomson, 1960). Consumption of high amountsof heavy water is
toxic or evenlethal to plants, animals, and humans (Katz and Crespi, 1966). Theresult of
deuterationiscell dysfunction followed by death when > 50% of water isreplaced by heavy
water in higher organisms (Kushner et al., 1999). A 4-5°C reduction in storage temperature
have been achieved in the presence of 95% D, O compared to H,O and 7-25% D,O prevent
protein denaturation in macromol ecular pharmaceuti cal s such asvaccines. D,O medium has
been suggested for storing organs, tissues, tissue parts, proteinsor enzymes, seraand blood
preparationsand for the perfusion of organsfor transplantsand also for longer storage of
microorganismsand enzymes. Though D, O stabilizes proteinsand other macromolecules, it

doesnot dwaysmakeliving cells more heat-stable, and may makethemlessso (Unnoetal.,
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1989). Making cellslessstablemay be dueto lossof cgpability of forming heat shock proteins
and other chaperons (Unno et al., 1987; Unno and Okada, 1991, 1994; Yokogaki et al .,
1995). Toxic effectsbeginto appear after taking more than 20% D, O content of blood, body
fluidsand intissuesof experimenta animals(Thomson, 1963). Protozoahaveability to grow
in70-100% D, O concentrations (Thomson, 1963). Bacteriashowing growthin heavy water
include Escherichia coli, Pseudomonas putrefaciens, Serratia marcescens (Thomson, 1963;
Vanatulu et al., 1993) and extremely hal ophilic archae bacteria(Crespi, 1982). Mammals,
such asrats, given heavy water to drink die after aweek, at atimewhen their body water
approaches about 50% deuteration (Thomson, 1960). Theoverall effect of heavy water is
dueto deuterium so it hasbeen observed that at different concentration of deuteriumtheNa,
K-ATPaseactivity havefoundto increase at |ow deuterium concentrations (Lobyshev et al .,
1978, 1982). Heavy water is more toxic to malignant cells than normal cells but the
concentrations needed aretoo high for regular use (Kushner et al., 1999). Luminousbacteria
will grow dowly in 97 percent heavy water, though not grow asgood asin ordinary water are
not killed by longinteraction with heavy water (Steinbach, 1949). These datasuggest that
adaptation to deuterium oxideisamultifactoriad phenomenon, affectingmany cellular systems,
asbiosynthesisof macromolecules, metabolism, and transport functionsof cells(Maosin, and
Ignatov, 2014).

2.14 Effect of D,O on growth pattern/ kinetics of bacteria

After a period of adaptation (“lag phase”), growth resumes, but the rate is usually
dower thanin normal isotopic environment (Ernest and Rittenberg, 1960). Herethe effects
arecoming mainly dueto deuterium moleculewhichisresponsiblefor changinginthephysica
properties of heavy water so outcome of deuterium enrichment may be the correct way to
explainthe outcome of heavy water. Indeed, literature suggeststhat the size and shape of the
bacteriamay get distorted when growninahighly deuterated media, especidly inthebeginning
of growth (Katz et al., 1957; Katz and Crespi, 1966, 1971). Lobyshev et al. (1978, 1982)
studied the Na, K-ATPase activity at different concentration of deuterium and found it to

increaseat |ow deuterium concentrati ons, reaching maximum at 0.04-0.05%.

Prokaryotic organisms such as bacteria, which do not have the mitotic problems

induced by deuterium, may begrown and propagated in fully deuterated conditions, resulting
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inreplacement of al hydrogen atomsin the bacterial proteinsand DNA with the deuterium
isotope (Trotsenko et al., 1996).

Even at 50% D,0, the maximum growth rateis only slightly (5%) lower than at
normal conditions. Therefore, deuterium enriched mediumismore correctly characterized as

anunusual, rather than toxic, environment (Xieand Zubarev, 2014).
2.15 Sudy of drug resistance

Emergence of antimicrobia res stance has been observed among several organisms
belonging to the Pasteurellaceaefamily (Aarestrup et al., 2004; Aarestrup, 2005) including
G anatisisolates. Resistancein chicken originisolates of Gallibacteriumisdocumented to
novobiocin, tylosin, clindamycin, tetracyclineantimicrobiasand penicillin (Post et al ., 1991,
Watts et al., 1994; Mevius and Hartman, 2000; Lin et al., 2001, Malik et al., 2005;
Hendriksen et al., 2008; Johnson et al., 2011). In contrast, Berge et al. (2006) reported
rarity of tetracyclineresistancein G anatis of sheep and goat origin.

&5 S e

Studies on growth kinetics of Gallibacterium anatis in presence of deuterium oxide..... e






MATERIALSAND METHODS

The study was conductedin theLaboratory of Epidemiology Section, Indian Veterinary
Research Ingtitute (IVRI), 1zatnagar-243122.

3.1. General experimental materials

3.1.1. Glasswar esand Plasticwar es

During the study, sterilized glasswares (Corning/Borosil grade) and plasticwares
procured from Tarsons(India), Axygen (USA), Hi-media(Mumbai, India) and Nunc (Denmark)

attuned with molecular biology work were used.
3.1.2. Media, Reference Stains, Chemicals, Buffers, Reagents etc.

Thedetailsof media, reference stains, chemicals, buffersand molecular biological
reagentsused inthestudy aregivenintheAppendix. Generd chemical sused wereof andytical
grade, procured from Sigma, USA or Merck, India. The mediaused in study were procured
from Himedia, Mumbai, Indiaand Difco (France). The Dream Tagq Green, PCR MASTER
MIX (2X) used from Thermo Scientific, Lithuania(Europe). The PCR primerswere custom
synthesized from Eurofin Pvt. Ltd. Bangaluru, India. All mediafor molecular biology and
serological work were prepared intripledistilled water and for other worksin single glass

distilled water was used.
3.1.3. Equipments

Equipmentsused inthe study wereA utoclave (Scientific EquipmentsWorks, New
Dehi, India), Biomedica Refrigerator (BPL), Bio-safety cabinet (KartosInternational, Noida,
India), Cooling centrifuge (REMI InstrumentsLtd., Mumbai, India), Deep freeze-20°C
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(Vestfrost and Blue Star), Electronic balance (Mettler Toledo, Switzerland and Citizen), Gel
documentation System (Bio-Rad, USA), SDS-PAGE Assembly (Bio-Rad and Tarson),
Incubator (KheralnstrumentsPvt., Ltd., New Delhi, India), Shaker Incubator (BIO-RED),
Micro pipettesof variable volumes (Finnpipette), Water bath (M. B. Instrument, India), PCR
thermal cycler (Eppendorf, Germany), U. V. llluminator (Genel, Banglore, India), R8C
Laboratory Centrifuge (REMI InstrumentsLtd., Mumbai, India), Hot Air Oven (Scientific
EquipmentsWorks, New Delhi, India), Spectrophotometer (Laby, India) and Nano drop
(Thermofisher scientific, USA).

3.1.4. TheSudy strains

Gallibacterium anatis bv. haemolytica strain was the study strain in the present
dissertation isolated from heart blood of dead poultry birdsin thelaboratory of Epidemiology,
IVRI, IZATNAGAR, U.P, India, which was confirmed by morphological, staining, growth,
biochemica characteristicsand findly with amplification of specific PCR product using species
specificprimer.
3.1.4.1. Revival of strain of Gallibacterium anatis bv. haemolytica

Torevive, the culture of Gallibacteriumanatiswas aseptically openedin laminar
flow (Kartosinternational, Noida) in-front of flame and contentsfrom glycerol broth were
transferred to trypti case soyabroth and thioglycollate medias multaneously and incubated
overnight at 37°C. Loopful of broth culture was streaked on to blood agar (Blood agar base,
Difco, USA with 5% defibrinated sheep blood) platesand incubated at 37°C for overnight.
Isolated coloniestypically greyish, non-transparent, smooth and shiny, circular, raised withan
entiremargin werepicked to determinetheidentity of the cultureusing morphologicd, cultura
and biochemical characteristics (Holt et al., 1994). Thetrue and confirmed colonieswere
grown on blood agar platesand maintained at 4°C during the study for preparation of antigens
used in serology and for different experiments.

3.2.METHODS

Thesamplescollected from dead poul try were processed in two waysfor identification

of Gallibacteriumanatis;
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3.2.1. ldentification of Gallibacterium anatisthrough conventional bacteriological

method

The suspected colonies (small, pin point, greyish, glowing colonieson BA) were
tested for catd ase, oxidase and 10% K OH test. The colonieswhich werepositivefor cata ase,
oxidaseandformed string in 10% K OH werere-streaked on Blood agar plate (Difco, France)
and incubated for 24 h at 37°C. To further characterizetheisolates, pureculturesweretested
for biochemicdslikeditrateutilization, nitrate, reectionontriplesugar iron (TS) dants, hydrolyss
of tween-20, matility, indole production, lysine decarboxylation, MR-V Preaction and urease
production. The colonieswhich failed to utilize citrate as sole source of carbon, reduced
nitrateto nitrite, not decaroxylated lysine, not degraded ureaand acidictriplesugar iron (TSl)
agar dants, not hydrolysed tween-20, not produced indole and negativein MR-VP were
identified as G anatis bv. haemolytica. All the suspected i solateswere further confirmed
using species specific polymerase chain reaction (PCR) as described e sewhere. Theisolated
culturesweretested for invitro antimicrobia susceptibility againgt severa antimicrobid agents
by theDiscdiffusonmethod (CLSl, 2015) on Muller-Hinton (MHA) Agar (Himedia, Mumbal)
plates.

Theisolated culturewas used as parent strain. The biochemical testsemployed in
identification of G anatisas prescribed for gram negative organisms in Bergey’s Manua of
Determinative Bacteriology (Holt et al., 1994) were performed. Thefollowing testswere

performedto characterizetheculture:

Catalasetest: Thistest was performed by taking 2-3 dropsof 3%H,O, on clean
grease-freeglassdideand single colony from BA platewasmixed withthehep of aplatinum

wireloop. Immediate formation of gasbubbleswas considered aspositivetest.

Oxidase test: Oxidase discs soaked in 1% NNN’N’-tetramethyl-p-
phenylenediamine dihydrochoride were used to perform thetest. Theloopful culturefrom
snglecolony wasjust touched on thedisc using platinum loop. Devel opment of purplecolour

within 15 s. was considered aspositivetest.

10% KOH test: Thistest was performed by taking adrop of 10% KOH on clean

grease-free glassslide and mixing of bacteria colony from BA platewith thehelp of awire
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loop. Thetestispositivefor gram negative bacteria, and the bacterial colony tested forms
string onlifting of the culturemixedin KOH drop.

Nitratereduction: A loopful of culturewereadded in peptonewater containing 0.1
per cent potassium nitrate and then incubated at 37°C for 2 days. Presence of nitritewas
detected by adding approximately 1.0 ml of sulfanilic acid and 1.0 ml of a-naphthylamine
reagent to nitrate broth culture. Development of a distinct red colour (which may turn to
brown rapidly) was considered as positive test. In case of negative test, a pinch of zinc dust
was added into tubeto confirm presence of nitrate or reduction of nitrite, development of red

colour after adding zincindicated no reduction of nitrate by the bacteria

Ureasetest: Ureabroth heavily inocul ated with the test culture wereincubated at
37°C and observed for 24 to 48 h. A negativereaction was observed with no colour change
inthebroth.

Triplesugar iron (TSI) agar: A single colony wasinoculated onto TSI medium
dant withwireloop whichisfirst inserted in butt and then on to dant, incubated for 24 h at
37°C. Oxidativedecarboxylation of peptone and fermentation of glucoseand sucroseinthe
medium by Gallibacterium caused acidic reaction in the medium | eading to devel opment of
yelow colour in butt and dant both.

Motility indolelysinemedia: MIL medium (HimediaLaboratoriesLtd., Mumbai)
was used for detection of motility, indole production, lysine decarboxylation and H,S
production. Theloopful culturefrom single colony was stabbed into thetube and incubated at
37°C. Non-motileorganismsreved ed growth a ong stabbed linewhilemotilereved ed diffused
growth. Hydrogen sul phide production wasindicated by blackening of themedium. All tests

werenegativefor Gallibacteriumanatis.

Methyl red (MR) and Voges Proskauer (VP) test: A loopful of culture was
inoculated into atest tube containing 5ml MR-V P broth and incubated at 37°C for 48 h. First
MR test was conducted through adding 1-2 drops of M R reagent, devel opment of red colour
indicates positivetest. For VPtest, inthe sametube, 0.3 ml of 5% a phanaphthol in absolute
ethyl acohol and then 0.1 ml of 40% (w/v) KOH was added. A positivereaction was noticed
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by devel opment of bright red col our after 15 min and colour remaining yellow indicated negetive

reaction. Both thetestswerenegativefor Gallibacteriumanatis.

Tween-20 hydrolysis: Three ml of Tween 20 medium was heavily inoculated with
test culture and incubated for 48 h, positive reaction isindicated by development of red

colour. Theisolated culture wasfound to be negative (no colour change).

Citrateutilization test: Simmon’s citrate agar determines the ability of organism to
metabolize citrate for energy. Simmon’s citrate slant was inoculated with standard culture and
incubated for 24 h. Thecitratewasnot turned into blue colour (bromothymol blueasindicator),
indicated alkaline byproducts shown the negative for Gallibacteriumanatis.

Gelatinasetest: A heavy inoculumfrom standard culturewas stabbedinto thegelatin
media and incubated for 48 h to 2 week at 37°C. After incubation in refrigerator for
approximately 30 min, the gelatin was not liquefied. It showed that Gallibacteriumanatis
did not produce gel atinase and found to be negative.

3.2.2. Identification of Gallibacterium anatisthr ough molecular method: Genusand
species specific PCR

3.2.2.1. 1solation of genomic DNA by Kit Method (Ql Aamp) from bacterial suspension
cultures

The genomic DNA of isolated culture was extracted by QlAamp DNA Mini Kit
(QiagenIndiaPvt. Ltd., New Delhi, Indid).

1 The culturewas prepared by inoculating theisol atein Luria-Bertani broth (LB-Broth;

Hi-media, Mumbai) and incubating at 37°Cfor 24 h.

2. 1 ml bacteria culturewas pipetted intoal.5 ml microcentrifugetube, and centrifuged
for 5minat 7500 rpm.
3. Buffer ATL (supplied inthe QlAamp DNA Mini Kit) wasadded to atotal volume of

180 pl.

4, 20 ul proteinase K was added, mix by vortexing andincubated at 56°C until thecells
werecompletdy lysed. Samplewasdispersed by vortex duringincubationin ashaking
water bath.
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1.5 ml microcentrifugewas centrifuged briefly toremovedropsfromtheinside of the
lid.

200 pl Buffer AL was added to the sample, by mixing with pulse-vortexingfor 15,
andincubateat 70°C for 10 min.

200 pl ethanol (96-100%) was added to the sample, and mix by pulse-vortexing for
15 s. After mixing, briefly centrifugethe 1.5 ml microcentrifugetubeto removedrops
fromingdethelid.

Mixturewas carefully applied to Step 7 (including the precipitate) to the QIAamp
Mini spincolumn (ina2 ml collection tube) without wetting therim. Capwasclosed
and centrifuged at 8000 rpm for 1 min. QIAamp Mini spin columnwasplacedina
clean 2ml collection tube, and discared thetube contained thefiltrate.

QIAamp Mini spin column was opened carefully and added 500 pl Buffer AW1
without wetting the rim. Cap was closed and centrifuged at 8000 rpm for 1 min.
QIAamp Mini spincolumnwasplacedinaclean 2 ml collection tube, and discared
the collection tube contained thefiltrate.

QIAamp Mini spin column was opened carefully and added 500 pl Buffer AW2
without wetting therim. Cap was Closed and centrifuged at full speed (14,000 rpm)
for 3min.

Centrifuged at full speed for 1 min additionally to eliminate the chance of possible
Buffer AW2 carryover.

QIAamp Mini spin columnwas placed inaclean 1.5 ml microcentrifuge tube, and
discared the coll ection tube contained thefiltrate. QIAamp Mini spin column was
opened carefully and added 200 pl Buffer AE and Incubated at room temperaturefor
1 min, and then centrifuged at 8000 rpmfor 1 min.

Bacterial genomic DNA was stored at -20°C.

3.2.2.2. Quantification of DNA

The concentration and purity of the DNA extracted fromtheovernight culturein LB

broth were measured by Nano-drop after initiaizationwith distilled water and wipingitwitha

tissue paper and DNA concentration with the corresponding purity wasdetermined with hel p
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of the attached computer. DNA from each sampl e was measured after cleaning the optical
lenswith tissue paper at each reading. DNA sampleswith sufficient amount of concentration
and purity indicated by 260/280 reading in 1.6 to 1.8 ranges with Nano-drop were used as
templatefor PCR reaction.

3.2.2.3. Sandardization of PCR for Gallibacterium anatis

The genomic DNA and snap chilled supernatant used as template DNA for
standardization of PCR for G anatis. Theidentification of G anatis carried out by using
universal primer ascontrol and genus specific primersin PCR and duplex PCR in thermal

cycler (Eppendorf, Germany), (Bojesen et al., 2007).

Primers. Two setsof specific primersweredesigned fromavailableuniversal primer to
amplify the 161-bp fragment of all prokaryotic 16S rRNA sequence (Table 2) while
Gallibacteriumanatis genus specific primersweredesigned from 16SrRNA geneand 23S
rRNA gene(Table3). All the primerswere custom synthes zed from Eurofin Pvt. Ltd. Bangd uru,
India. Standared Quantity, concentration and therma cycler conditionwereused (Teble4 & 5).

Table2: Primer used ascontrol by amplify theall prokaryotic 16SrRNA sequences

Name of Sequence 5°-3’ Product References
primers length (bp)

161UF CCTACGGGAGGCAGCAG(17) 161-bp Bojesen et al., 2007
161UR ATTACCGCGGCTGCTGG (17)

Table3: Genus specific Primer based on 16S rRNA and 23S rRNA genes of
Gallibacterium anatis

Name of Sequence 5°-3’ Product References
primers length (bp)

1133Fgd ~ TATTCTTTGTTACCARCGG(19)  789bp,  Bojesenetal., 2007
114R GGTTTCCCCATTCGG (15) 985hbp, 1032 bp

Note: (F) = Forward primer; (R) = Reverse primer
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Table4: Cycling parametersfor PCR

Initial Denaturation Annealing Extension Final Total no.
denaturation extension of cycles
95°C 94°C 55°C 72°C 72°C

35
10min 1.00min 1..00min 1.00min 10min

* For uniplex (single amplicon) PCR reactionwas carried out in 25 pl

Table5: Quantity and concentration of variouscomponentsused for uniplex and

multiplex PCR
S1.No  Component Vol. Per reaction Find Conc.
1 PCR Master Mix (2X) 12,5l 1X
2 Forward Primer (10 pmol/ pl 1l 10pmolée pl
3 Reverse Primer (10 pmol/ ul 1l 10pmolée
4 Template DNA 4ul -
5 Nuclease Free Water (NFW) 6.5l -
6 Total Volume 25ul

3.2.2.4. Agarose gel electrophoresis

Thefollowing reagentswere used for agarose gel el ectrophoresis
A. Agarose

B. TrisBorate EDTA (TBE) buffer, pH 8.3 (10X)

C. Ethidium bromide (1%6)

To confirm thetargeted PCR amplification, 10 ul of PCR product from each tubewas
loaded in well of prepared 1.5 per cent agarose gel along with 100bp plus DNA Ladder
(GeneRuler 100 bp plus, Thermo Scientific) and stai ned with ethidium bromide (1 per cent
solution at the rate of 5 pl/100 ml) at constant 80 V for 30 min in 1X TBE buffer. The
amplified product wasvisuaized asasngle compact band of expected sizeunder UV light
and documented by gel documentation system.
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The PCR was performed threetimesto ensurethe repeatability of thetechniqueand

to make surethat isolateswere correctly assigned to respective patterns.

3.3. Plasmid isolation

Thestandard cultureand field isolatewere subjected for plasmidisolation viaThermo

Scientific (Gene JET Plasmid Miniprep Kit, Thermo scientific). Thecultureswereinocul ated
in3ml tryptic soyabroth (TSB), incubated overnight at 37°C.

Plasmid DNA waspurified by using centrifuges:

1

2)

3)

4)

5

6)

8)

9)

10)

11)

The2ml of bacterid culturewascentrifuged a 8,000 rpmfor 2 mina roomtemperature.
After centrifugation, Pelleted cells were resuspended in 250 ul of the resuspension
solution and transfer it to amicrocentrifugetubewith proper vortexing or pipetting up
and downuntil no cell clumpsremain.

Thereafter, add 250 pl of Lysis Solution and mix thoroughly by inverting the tube 4 to
6 times until the solution becomes viscous and slightly clear.

Then 350 pl of the Neutralization Solution was added and mixed immediately by
inverting the tube 4 to 6 times.

The mixture was centrifuged at 13,000 rpm for 5 min to pellet cell debris and
chromosomal DNA.

The supernatant wastransferred to the Gene JET spin columnwithout disturbing or
transferring thewhite precipitate.

The supernatant in the Gene JET spin column was centrifuged at 13,000 rpmfor 1
min.

Then 500 pl of the Wash Solution was added to Gene JET spin column and centrifuged
at 13,000 rpm for 30-60 seconds. After that discard the flow-through and spin column
was placed back into the samecollection tube.

Above procedure was repeated again using 500 ul of the Wash Solution.
Additional centrifugation at 13,000 rpm for 1 min, wasrequired to removeresidual
Wash Solution and ethanol in plasmid preps.

Gene JET spin column was transfered into a fresh 1.5 ml microcentrifuge tube and
add 50 pl of the Elution Buffer to the center of Gene JET spin column to elute the
plasmid DNA.
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12)  Afteraddition of Elution Buffer incubation wasrecommended at room temperature
for2min.

13) Then centrifugation at 13,00 rpm for 2 minwas performed.

14) ThePlasmid DNA e uded with Elution Buffer was stored at -20 °C till further use.

3.4. Adaptation

Adaptation of Gallibacteriumanatisstrainto grow in 99% D, O instead of normal
water was carried out through growing the bacteriainincreasing concentrationsof D,O (10%,
20%, 30%, 50%, 75%, 90% and 99%) and measuring optical density (OD) at 590 nm
wave ength to monitor the growth in broth medium. For the adaptation, fresh culture growing
in 99% D,0 medium wasinoculated in TSB madein D,O incubated at 37°C for 24h and
from the sametubereinoculated and incubated till the 51 passage asunder (Table 6).

Table 6: Two loop full cultures were transferred from one step to next step of
adaptation asunder mention

Concentration of D,Oin H,O Combination D,0 Combination

Per centage
1 10% D,O H,O—->H,O D,0—-D,0
2 20% D,0 H,O —-H,0 D,0-D,0
D,0—»H,O
3 30% DO H,0—D,0 H,0—D,0
D,0—»H,0 D,0—>H,0
4 50% DO H,O—»H,O D,0-D,0
D,0—»H,0O H,0—D,O
6 75% DO H,O—->H,O 50%D,0—50%D.,0
D,0—»H,0 50%D,0—75%D.,0
H,0—75%D,0
7 90% DO H,O —-H,0 75%D,0—75%D,0
D,0—»H,0 75%D,0—90%D,0
H,0—90%D,0
8 99% D,0 H,O—->H,O 90%D,0—90%D.,0
D,0—»H,0O 90%D,0—99%D,0
H,0—99%D, 0
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After adaptationin 99% D, O, strain was again subcultured in 99% D, O to generate
51 passaged D,0 adapted strain of G anatisbv. haemolytica.

3.5. Thermal death Point (Thermal death time)

Thetherma death point (TDP) isthetemperatureat which anorganismiskilledin
10 minwhilethethermal death timeisaconcept used to determinehow long it takestokill
aspecific bacteriaat aspecifictemperature. Determination of thermo-tol erance of adapted
and parent strain of G anatisat 55°C and 60°C and determination of thermal deathtime
using stlandard colony forming unit (cfu/ml) counting method (Milesand Misra, 1938).

3.5.1. Strain used

Parent Gallibacteriumanatishbv. haemolyticadesignated asHLY (parent) and
adapted strain of G anatisbv. haemolyticain heavy water for 51 passages designated as
51H.

3.5.2. Method

1) Both strainswereinoculated in 10 ml Trypticase soyabroth (TSB) at 37°Cfor 24 h
Separately.

2) Bacteria suspensionwascentrifuged at 5,000 rpmfor 15min.

3) Supernatant was discarded and washed twicewith PBS, made in heavy water and
asowithequd volumeof smplePBS madeintripledistilled water.

4) Bacteria pellet wasresuspended in PBS of equal volumeof initia broth cultureand
mixed through vortexingfor 1 min.

5) Resuspensionwasdividedin 5 (1 ml ineach) tubeswith equa volumeaccording, one
set for each time parameter (Combination).

6) The stand was kept in water bath, set at 55°C or 60°C as per test.

7) Experiment was performed at 55°C and 60°C with different time combinaioninmin
like

3.5.2.1 Time combination of 60°C
a) Omin, 5min, 20min, 15min, 20 min, 30 min, 40 min, 50 min, 60 min

b) Omin,2min,4min,5min, 7min, 10min, 15min
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C) Omin, 1 min, 2min, 3min,4min, 5min

3.5.2.2. Timecombination of 55°C

8)
9)

10)

a  O0min,5min, 20min, 15min, 20 min, 30 min, 40 min, 50 min, 60 min

b)  Omin,1min,2min, 3min,4min,5min, 6min, 7 min,8min, 9min, 10min, 11
min, 12 min, 13 min, 14 min, 15min, 16 min

After completion of experiment, stand waskept at 4°C untill cfu/ml count.

Serial Dilution Protocol

a)  Counting of the appropriate plate was determined (30 — 300 cfu/ml).

b) Dilutionfactor for thedilution tubeswasdetermined and each tubewith 10-fold
dilution gtarting from the undiluted culture. Thefirst tubehad 1: 10 dilution, the
second a1:100, thethird a1:1000 and so on, dilution factor for first, second
and a3 tubewill be 10, 100, 1000 and so on.

c)  Number of livebacteriain each tubewas determined through plating 10 pl of
thecontentsintriplicate.

Then cfu counts per ml were determined by Miles and Misra (1938) method for

different time and temperature combinations separately.

Total Count Calculation (standard formula) cfu/ml:

11)
12)

Colony counted (CFUs) on an agar plate x 1000 x Dilution factors
Volumeplatedinpl

Result was observed after incubation at 37°C for 24 hto 48 h.
After cfu/mL count thermal death point was determined by graphical method.

Note: In parent strain washing was performed by only ssmple PBSmadeintriple
digtilled water.

3.6. Growth Kinetics and Growth Curve

Understanding the growth kineticsand growth curvesfor D, O adapted and parent

strain of G. anatisbv. haemolyticain presence and in absence of D,O at 10°C, 25°C, 37°C

and 45°C weredetermined through OD, and cfu/ml count methods.
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Theexperiment for 25°C, 37°C and 45°C were performed in water bath (LABMAN,

INDIA) at room temperature and for 10°C inrefrigerated incubator (REMI, INDIA).

3.6.1. Method

1) TSB tubes (2 ml ineach) were prepared with 0% D,0 and 99% D, 0.

2) Culturewasgrown in TSB mediaat 37°C for 18-24 h separately for adapted and
parent strainin10ml TSB.

3) 100 pl of culturewasinoculated in each TSB tube.

4) 0D, reading were taken with spectrophotometer upto 48 hat each 2 hinterval.

5) Experiment was conducted intriplicateand mean va uewas cd culated at10°C, 25°C,
37°C and 45°C.

6) Cfu/ml countsweredetermined adescribed earlier through serid dilutionsand plating

on trypticase soyaagar platesincubated at 37°C for 24-48h.

3.7. Determination of survival of D,O adapted and parent stain

Determination of surviva of D,O adapted and parent strain of G anatisbv. haemolytica

in presence and in absence of D,0O in storage medium at 4°C, 37°C and 45°C was done

through cfu/ml count a weekly interval for two months.

3.7.1. Method

1) TSB tubeswereprepared in small 2 ml autoclaved plastic culturetubes.

2) Each experimenta combinationwasperformedintriplicate.

3) Different combinations of TSB tubewere prepared for each strain with different

percentage of heavy water in medium (Table 7).
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at 4°C, 37°C and 45°C

Materials and Methods...

D,0 concentration in medium Adapted strain (51H) Parent strain (HLY)
1 0% T1,T2,T3 T1,T2,T3

2 20% T1,T2,T3 T1,T2,T3

3 75% T1,T2,T3 T1,T2,T3

4 90% T1,T2,T3 T1,T2,T3

5 99% T1,T2,T3 T1,T2,T3
Note: T- tube

4) Culturewasgrown in TSB mediaat 37°C for 18-24 h separately for adapted and
parent strainin 10 ml glasstube.

5) 100 pl Culturewasinoculatedinto each 2 ml TSB tube.

6) cfu counting was done as described earlier.

3.8 Method for virulence characterization of G. anatis bv.
haemolytica

3.8.1. Determination of Gallibacterium anatisbv. haemolytica antibodiesin Poultry,
Pigand Goat serum

3.8.2. Sandardization of Micro-agglutination test (MAT)

3.8.3. Preparation of antigen for Micro-agglutination test (MAT) (Talwar and Gupta,
1992)

3.8.4. SrainusedinAntigen prepar ation: Parent Gallibacteriumanatisbv. haemolytica
and adapted strain of G anatisbv. haemolyticato grow in heavy water.

3.8.5. Preparation of O-Antigen (boiled antigen) and formalized antigen (for

proteinaceous surface antigens)
3.8.5.1. Preparation of O-antigen
Pure culturewas streaked on blood agar plate, incubated at 37 °C for 24 h.

Then 3-5 smooth colonies were picked up and inoculated in 5 ml LB broth and
incubated for 16-24 h at 37 °Cin shaker incubator at 160 rpm.
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Broth culture of G anatiswasinoculated on to trypticase soy agar (Becton Dickson
and company, sparksUSA) madein Roux flasksand incubated for 24-48 hat 37°C.
Harvesting: Growth was collected from two Roux flasksintotal volumeof 25 ml of
normd sdinesolution.

Purity: Harvesting culturewas streaked on blood agar plate and incubated at 37 °C
for 24- 48 h. If pure growth was observed on blood agar plate with haemolysisthen
further processing was done otherwisefresh harvestswere made.

Boiling: Bacterial suspensionwasplaced in boiling water bath by fixing at 80 °C for
two and ahalf hours.

Serility: Sterility of bacterial suspension was confirmed by streaking 0.1 ml on
blood agar plate and observed for growth for 48h at 37 °C.

Centrifugation: Bacteria suspensionwas centrifuged at 1400xgfor 30 minand
supernatant was discarded.

Resuspension: Thepellet wasresuspended in 0.5% formdinized saline (5ml).
Concentration of bacterial suspens onwasadjusted according to thedesired vaue by
using aspectrophotometer. The stock antigen was diluted in 0.5% formal salineto
havean OD,,,of 0.5.

Stock antigenwasstoreat 4 °Cinrefrigerator.

3.8.6. Preparation of Formalinized Bacterial Suspension

Pure culture was streaked on blood agar plate, incubated at 37°C for 24 h and

smooth colonieswereinoculated in 5 ml LB broth for 16-24h growth at 37°C in shaker

incubator at 160 rpm.

1)

2)

Oneml LB broth cultureof G anatiswasinoculated in trypticase soy broth (500 ml)
(Becton Dickson and company, Sparks USA) intwo conical flasks (each have 500
ml TSB) and incubated for 16-24 h at 37°C on orbital shaker incubator with speed of
160 rpm.

Purity: After visiblegrowth culture was streaked on blood agar plate and incubated
at 37°Cfor 24-48 h. If pure and typical to G anatis bv. haemolytica growth was
observed on blood agar plate with haemolysisthen processed further.
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3) 1% formalinized saline solution was added in to each flask and kept at room
temperaturefor threedays.
4) Serility: Sterility of bacterial suspensionwaschecked after three daysby streaking

on blood agar plate asfor O antigen.
5) Rest of the stpes were same as for the ‘O’ antigen described earlier

3.8.7. MAT Procedure

TheMicro-agglutination test on poultry, pig and goat serawas performed inV-bottom
(for formalinized antigen) and U-bottom (for O antigen) 96-well microtitre plates (Tarson,
India), using 100 pl serum, seridly 2-fold dilutedin 100 pl NSS, pH 7.01 (find dilution 1: 2).
Thelast row in each platewas used as hegative control. Toeachwell, 100 ul of G anatisbv.
haemol yti ca antigen was added. Micro-titre plateswereincubated in ahumid chamber to
prevent drying of the platesand incubated for 24-48 h at 37°C. Plateswereread against a
dark back-ground after 48h (Boot et al., 1993). The highest dilution up to which MAT

formation wasthere, considered aspositivetitre.
3.8.8. Preparation of 3% (v/v) RBCs

Blood from young cow, ox, sheep, goat, horse, pig, dog, guineapigs, rat, fish, turkey,
and healthy humans (blood groupsAB* and B*) was collected in Alsever’s solution (pH-6.1),
centrifuged at 2000 x g for 10 minto collect erythrocytes (RBCs). Erythrocyteswere washed
twicewith phosphate buffered sdine (PBS, pH 7.2) and finally re-suspended in PBS (3% v/
v) and stored at 4°C until used. To obtain tanned erythrocytes, onevolumeof 3% (v/v) RBCs
wastreated with equal volume of 0.003 % (w/v) tannicacidfor 10 minat 37°C, then RBCs
were collected as above and washed twi ce before suspending to 3 % (v/v) in PBSfor use
(Singh and Sharma, 2000).

3.8.9. Haemagglutination (HA) test

3.8.9.1. Preparation of bacterial suspension

1) For preparation of bacterial suspension, culturewasgrownin BHI agar (Brain heart
infusion agar) supplemented with with 10% sheep blood and TSB (Trypticase soya

broth).
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2) Culture grown on BHI agar was kept for 48 h at 37°C was harvested in normal
sine.

3) TSB cultureaswell asBHI agar harvested cultureswere centrifuged at 5000 x g for
10 min, separately.

4) The supernatant was discarded and the bacteria cell pelletswere suspendedin PBS
(1x) toafinal concentration of about 1 x 10 cfu (colony forming units)/ ml i.e.,

working solution of bacterial suspension for HA had OD,,, equal to 0.5.
3.8.9.2. Method

A 100 pl of aliquot of the bacterial suspension was mixed with equal volume of the
3% RBCs with and without 1 % D-mannose. The second last and last row of themicrotitre
platewere kept as bacterial suspension control and RBC control which contained 100 pl of
PBS(1x) and 100 pl of 3% RBCs, respectively. Agglutination plateswere gently shakenfor
20-30 min on ashaking platform, at room temperature (25°C) resultswereread thereafter.
Haemaggl utination with tanned RBCswas donein the sameway (Old and Adegbola 1983).

3.8.10. Congo Red DyeAssay (CRDA ) or Congo Red Binding Assay

To haveanindication of theinvasivness of Gallibacteriumanatisbv. haemolytica,
affinity to Congo red dye was measured through col ony col our on medium containing Congo
red dye.

CR agar wastrypticase soy agar (BD) supplemented with 0.01% or 0.03% of Congo
red dye (SigmaChemica Co., St. Louis, Mo.) with or without 10% bilesalts(Difco, France).
Congo-red-Positive G anatiswereidentified by the appearance of red/ brown colonies. The
reaction in the colonies was best seen after 24 hours of incubation at 37 °C, and then by
leaving them at room temperature for an additional 2 days (not to exceed 4 days). Congo-
red-negative G anatiscoloniesdid not bind the dye (white colonies). Tohdpin preliminary
identification of Ganatisbv. haemolytica, blood agar was used simultaneously withaCR
medium asasel ective medium (Berkhoff and Vind, 1986).
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3.8.11. Detection of efflux pump mediated resistancefor antibiotics

Theethidium bromide (EtBr)-agar cart wheel method which involves preparation of
trypticase soy agar (TSA) with EtBr ranging concentrationfrom 1mg/L, 2mg/L, 3mg/L. The
TSA plateswas prepared fresh on previous day of the experiment and kept protected from
light. The TSA platesweredivided into sectorsby radial linesforming acart wheel pattern
and modified cart wheel method (spotting). Thetest culturesweregrownin LB medium at
37°Cwith overnight incubation, thetest cultureswere swab inoculated along theradial lines
marked onthe EtBr-TSA plates starting from the centre of the plateto therim. Each plate
included areference efflux pump negativestrains (DH5a) asacontrol. The TSA platesare
incubated at 37°C for 16-24 h and examined under gel imaging system/UV transiluminator.
Fluorescence of growth wasindicator of accumulation of EtBr in bacteriai.e., no activity of
efflux pump whilethe growth without fluorescencewastheindicator of presence of active

efflux pumpinthedran,

3.8.12. Antimicrobial drugresistance of the Gallibacterium anatis bv. haemolytica

3.8.12.1. Disc diffusion assay

The bacterial isolateswere subjected to in vitro antibiotic sensitivity test by disc
diffusonassay (CLSI, 2015) on Muller-Hinton agar (MHA) plates (Bauer et al., 1966). The
antibiotic discswereobtained from BD. | solatesweretested against commonly used antibiotics
viz., Penidillin(10pug),Ampicillin (10 ug), Gentamicin (10 ug), Tetracydine(30 ug), Azithromycin
(30 pug), Chloramphenicol (30 pg), Cotrimoxazole (10 pg), Nitrofurantoin (300 ug),
Ciprofloxacin (5ug), Imipenem (10 ug), Meropenam (10 ug), Ertapenem (10 ug), Aztreonam
(30 pug) andaso EDTA (10 pg).

Isolateswere grown in LB broth overnight and lawn cultureswere prepared on
MHA plates. The plateswere allowed to dry. Antibiotic discswere placed on agar surface at
about two cm gpart. The plateswereincubated at 37°C overnight and diameter of the zones
of inhibitionwas measured. The measurementswere compared with zonesizeinterpretative
chart furnished by the manufacturer and thezoneswere graded assengitive, intermediateand
resistant.
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3.8.12.2. Broth dilution/ E-strip methods:

Thebacterial isolateswere subjected to in vitro antibiotic sengitivity test by broth
dilution method (CLSI, 2015) in Muller-Hinton broth (Bauer et al., 1966). E-strip wasused
for determiningthe MIC.

3.8.12.3. Determination of Minimal Inhibitory Concentration (M1C) by broth tube
dilution M ethod:

Thetubedilutiontest isthe standard method for determininglevel sof resstanceto an
antibiotic. Serial dilutionsof theantibiotic wasmadein aliquid mediumwhichisinoculated
with astandardized number of organismsand incubated for aprescribed time. Thelowest
concentration (highest dilution) of antibiotic preventing gppearanceof turbidity was considered
asminimal inhibitory concentration (MIC).

3.8.13. Protein profiling:

Protien profiling was performed to know the any appreciable effect of D,Oon G
anatisbv. haemolyticaby comparing the adapted and parent strain by NATIVE-PAGE and
SDS-PAGE.

3.8.13.1. Bacterial Protein Extraction Protein Extraction

1 Pellet of 10ml broth wasresuspend in 1ml lysisbuffer.

2) Lysisbuffer wasused 100 mM NaCl; 25 mM TrisHCI; pH 8.0.
3.8.13.2. Sonication:

1 The suspended cellswere sonicated for 5 mininiceusing aSoniprep 150 sonicator
(MSE UK Ltd.) at 12 um amplitude. The sequencefollowed for sonication was 12
pmfor 15 secfollowed by 10 sec gap. The cyclewasrepeated for 10times(lysiswas
completed when the cloudy cell suspension becomestrand ucent.

2) Centrifugation wasperformed at 13,000 rpm for 5 minintemperature maintaining
machine at 4°C. Soluble proteins (supernatant) was separated from insoluble or

inclusion bodiesproteins (pellet) and used for next step.
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3.8.13.3. Native PAGE

Native PA GE usesthe samediscontinuouschlorideand glycineion frontsasSDS-
PAGE to form moving boundariesthat stack and then separate polypeptides by chargeto
massratio. Protein solution was prepared in anon-reduci ng non-denaturing sample buffer,
whichmaintainsthe proteins secondary structureand native charge density. Therefore, multiple
bands from the native PAGE gel can be seen for asingle protein if target proteinswere

present in polymerized formsinthesample.
3.8.13.3.1. Gd running protocol

1 Separating gel was prepared in appropriate amount having asmall beaker. APand
TEMED were gently added with swirling of the beaker to ensureasufficient mixing.
Gel solution was pipetted into the gap between the glass plates of gel casting (don’t
fully fill). Fll therest spacewith water (isopropanol aternativey). Allowed for 20-30
minfor acompletegdation.

2. Stacking gel wasprepared in appropriate amount in abeaker and mix with 1090AP
and 1% TEMED. Water was poured out in thefirst step and pi petted the stacking gel
solution into the gap and the comb wasinserted. Solution wasalowed to gelatefor
20-30min.

3. Samplebuffer wasmixed properly with samplewithout any heating.

4, Samplewas|oaded and set at an appropriate voltageto run the el ectrophoresis.

5. Coomassie-bluedye and silver stain were used for staining purpose.
3.8.13.4. Sodium dodecyl sulphate-polyacrylamidegel electrophoresis(SDS-PAGE)

SDS-PAGE andysiswascarried out asper the protocol described by Laemmli (1970)
with dight modifications. Thegdl casting platformswas assembl ed and sealed with agarose.
The stacking (5%) and separating gel s (12%) were prepared as per protocol . About 20 pl of
cdll lysatewasmixed with equal volumeof 2 x sampleloading buffer, heated at 95°Cfor 10
min and then loaded into wellsalong with protein molecular weight marker. The gel was
electrophoresed at 90V till thetracking dyetraversed the stacking gdl . Thevoltagewasthen
maintained a 120V till the dyereached bottom of the separating gel. Thegd wasthen stained
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with Coomassie bluestaining. Gel with clear discrete protein bandswas anadyzed with the

help of silver light illuminator ingel doc and was photographed.

3.8.14.

1.

N o g~ W DN

Protocol for Silver Saining

Gel wasput inalargeglasstray with about 1 liter volume capacity; enough of each
solution wasused a each septo cover gd; agitate gently during steps; gel wastouched
with aglassrod only or not at al until stainingisfinished and largeamount of water
was used for each washing step to give clean resullts.

Fixation of protein wasperformedin gd by usngfixativefor overnight.

Reductant was used for 1 min for completion of reduction.

Washingwas carried out for 30 secinwater at least for threetimes.

After that gel waskept insilver stainfor 20 min.

Washing wasrepeated again (likestep 4).

After that gel waskept in devel oper for devel oping band until bandsbecomevisible
(fresh developer should be prepared).

Washing wasrepeated again (likestep 4).

Stop solution wasused finally to stop reaction otherwi se bandsbecomedark black in
colovur.

Protocol for Coomassie Blue Staining

Gel wasplaced in staining solution and shaking for 1hto overnight.

Staining sol ution was repl aced with de-stai ning sol ution and shaken slowly for 30
min.

Destaining Sol ution wasremoved and repl aced with new destaining solution for three
timesat least.

Cracking wasminimized by adding 1% glycerol to thelast destaining solution before
dryingthegedl.

25 25 25
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RESULTS

4. Phenotypic characters of adapted (51H) and parent stain of
Gallibacterium anatis bv. haemolytica

4.1. Morphological and Cultural Characteristics

Total 10 strain of Gallibacteriumanatis bv. haemolyticafrom dead poultry birds
and onestrainfrom piegon wereisolated with smilar biochemical test. Gallibacteriumanatis
bv. haemolyticaincluded in this study wasisolated from heart blood in pure culturefrom
broiler birds dying en massein May-June 2015 at CARI and near by villagesin Bareilly
(Singh, 2015, IVRI annua Report 2015-16). Col onieson sheep blood agar of parent strain
were strongly haemolytic, greyish, non-transparent, circular with abutyrous cong stency after
incubation at 37°C for 18-24 h while adapted strain had weak haemol yticless transparent
peripheral area, lessgreyish, compact, and moreshiny colonies(Fig. 1a, 1b & 2). Thechange
in adapted strainwas observed at 36 passage onward inmedium containing D,O (Fig. 3a&
3b). After back passaging of adapted strainin H,O some colony had largehaemolytic zone
like parent whilein most of the colonieshad haemol ytic zone remained restricted to the centre
of colony (Fig. 4a& 4b). Thenormal haemolytic zone of parent strain appeared on blood
agar within 18-24 h at 37°C but of adapted strain wasvery small at the sametime (Fig. 5).
Themicroscopi c examination of the Gram stained parent culturereved ed that the organisms
were Gram negativebacilli and adapted strain has not shown more changein shape(Fig. 6b).
However, on subculturing changein parent strain have observed from bacilli to coccobacilli

after the passaging in H,O (Fig. 6a). The organismsdid not grow on MacConkey agar.



Results...

4.2.BIOCHEMICAL CHARACTERISTICS

Theculturesof G anatisbv. haemolyticawerefound positivefor cata ase, oxidase,
K OH and nitratereduction test whereas negativereactionswereobserved for citrate utilization,
methyl red and VVoges-Proskauer tests. It fermented mannitol, treha ose, maltoseand sucrose.
Adapted strain had similar characteristics except weak string formation with 10% KOH.
Parent strain grew aerobically whilethe adapted strain had ability to grow anaerobically tooin
thioglycollatemedium (Fig. 7).

4.3. MOLECULAR CHARACTERIZATION OF G anatisbv. haemolytica
4.3.1. Isolation of Genomic DNA and PCR

Thegenomic DNA with high purity (260/280 : 1.6-1.8) was used astemplatefor G
anatisbv. haemol yticaspecific PCR using genus specific primer. The genomeof bacteriawas
confirmed by bacterid specific PCR usingl6SrRNA universd primer (Fig. 8). Specificity of
G anatisPCR using 16S5rRNA and 23SrRNA gene primerswas established by amplification
of three specificamplicons (Fig. 9) of ~789 bp, 985bp,1032 bp indi cating presence of specific
internal transcribed spacer (ITS) regions(Fig. 10) confirmed by sequencing.

4.4. Growth Kinetics

Heavy water in growth medium increased growth time of G anatisirrespective of
adaptation a all growthtemperaturesand al concentrationsof D,Oin medium.

However, inmediumwith 99% D, O parent strain had longer |ag phase than adapated
strain when grown at 10°C, 25°C, 37°C and at 45°C (Table 8, 9, 10 & 11) (Graph 1-7).
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Fig. 1a: Morphology of colony in 99% D,O at

different passage time with parent passage in 99%D,0 of G anatis bv.
strain of G anatis bv. haemolytica on haemolytica on sheep blood agar plate
sheep blood agar plateincubated at 37°C incubated at 37 °C for 24 h

for 24 h

Fig. 2. Differencein Colony size after 17 and
36 passagein 99% D,0O of G anatisbv.
haemolytica on sheep blood agar plate
incubated at 37°C for 24 h



Fig. 3a: Change observed in haemolytic zone in 99% D,O at different passage of G. anatis bv.
haemolytica on sheep blood agar plateincubated at 370C for 24 h

HLY 14H 18H 37H

.

HLY 8" 51H

Fig. 3b: Pattern of strong to weak haemolytic zone diameter at different passage
strainin 99% D,O of G anatis bv. haemolytica

HLY :
14H :
18H :
37H :

51H :

Parent strain of G anatis bv. haemolytica

14 time passagein 99% D,O of G anatis bv. haemolytica

18 time passagein 99% D,O of G anatis bv. haemolytica

37 time passage in 99% D,O of G anatis bv. haemolytica
Adapted strain of G anatisbv. haemolytica after 51 timepassagein
99% D,O



Fig. 4a: Differencein heamolytic zone after back passage of 51H strain of G anatisbv. haemolytica
on sheep blood agar plate incubated at 37°C for 24 h

Fig. 4b : Differencein heamolytic zone of G anatisbv. haemolytica after passagein H,O on sheep
blood agar plate incubated at 37°C for 24 h
HLY : Parent strain of G anatis bv. haemolytica
51H - Adapted strain of G anatis bv. haemolytica after 51 time passage in 99% D,O
51H (35) : Adapted strain after 35 time back passagein H,0
6PH4 (35): G anatis bv. haemolytica after 35 time passage in H,O

Fig. 5: Differencesin haemolytic zone of parent (HLY) and adapted strain (51H) of G anatisbv.
haemolytica on sheep blood agar plateincubated at 37°C for 24 h
HLY : Parent strain of G anatis bv. haemolytica
51H : 51 time passage strain in 99% D,0 of G anatis bv. haemolytica



PHLY
(@)

Fig. 6. (a) Parent G anatisbv. haemolyticaafter passagein H,O under microscope (Gram’s staining,

1000X)

(b) 51H dtrain of G anatisbv. haemolytica after passagein H,O under microscope (Gram’s
staining, 1000X)

HLY : Parent strain of G anatis bv. haemolytica

PHLY : Parent strain of G anatis bv. haemolytica after 51 time passage in H,O

51H : Adapted strain of G anatis bv. haemolytica after 51 time passage in 99% D,0

P51H : Adapted strain of G. anatis bv. haemolytica after 51 time passage in H,O

Fig. 7. Shifting of parent strain from aerobic to anaer obic after 51" passage in 99% D,0
HLY : Parent strain of G anatis bv. haemolytica
51H : Adapted strain of G anatis bv. haemolytica after 51 time passage in 99% D,O



Fig 8:

Fig 9

300 bp
200 bp

100 bp

Confirmation of bacterial DNA on the basis of 16SrRNA geneuniversal primers

LaneM :

Lanel
Lane2
Lane3
Lane4

1000 bp
500 bp

100 bp DNA ladder

: E. coli genomic DNA

. Brucella species genomic DNA

: Poultry isolated G. anatis bv. haemolytica genomic DNA
: Pigeon isolated G. anatis bv. haemolytica genomic DNA

Specificity of genus specific primer of Gallibacterium targeting 16S rRNA and

23SrRNA gene

Lane M : 100 bp ladder

Lanel : Positive control (G anatis bv. haemolytica genomic DNA)
Lane?2 : Parent strain of G anatis bv. haemolytica genomic DNA
Lane 3 : Pigeon isolated G anatis bv. haemolytica genomic DNA
Lane 4 : Mycoplasma bovis genomic DNA

Lane5 : E. coli genomic DNA

Lane6 : E. coli genomic DNA

Lane7 : Pasturella multocida genomic DNA

Lane 8 : Negative control



1500 bp

1032 bp

985 bp
789 bp

1000 bp

500 bp

100 bp

Fig. 10 : Genus specific PCR targeting 16SrRNA and 23SrRNA gene
LaneM &M, : 100 bp plus ladder

Lanel : Positive control (G anatis bv. haemolytica genomic DNA)
Lanes 2-3 : Parent strain (G anatis bv. haemolytica genomic DNA)
Lanes4-5 : Pigeonisolated parent strain (G anatis bv. haemolytica genomic DNA)z

Lane6 : Negative control
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Graph 1: Adaptation of G anatisbv. haemolyticain different concentration of D,O
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Graph 2: Comparsion of growth of adaptated strain of G anatis bv. haemolytica
in H,O and 99% D,O
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Graph 3: Growth kinetic curve of G anatis bv. haemolytica at 25°C
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Graph 4: Growth kinetic curve of G anatis bv. haemolyticaat 37°C
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Graph 5: Growth kinetic curve of G anatis bv. haemolytica at 45C
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Graph 6: Growth kinetic curvein 0% DZO of adapted and non-adapted strain of
G anatis bv. haemolytica
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Graph 7: Growth kinetic curvein 99% D.O of adapted and non-adapted strain of
G anatis bv. haemolytica
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Table8: Growth kinetics of G anatis biovar haemolytica at 10°C (AvergelLog ,,
count £SD value)
Time(h) 0% D,O 99% D,O
Adapted Non-adapted Adapted Non-adapted
(Parent) (Parent)

0 7.45+0.16 7.47+£0.15 7.48+0.07 7.36x£0.14
24 7.31+0.07 7.16+0.07 7.63+0.37 7.061£0.05
48 6.49+0.18 6.74+0.22 6.83+0.55 6.30+£0.72
72 7.15+0.67 6.70+0.23 5.83+0.07 7.07+0.28
96 6.52+0.31 6.55+0.20 6.72+0.79 5.26+0.05
120 7.29+0.71 6.60+0.48 6.99+0.66 4.90+0.12
144 7.29+0.68 6.35+0.68 6.77+0.61 4.55+0.06
168 7.53+0.87 6.32+0.78 6.31+0.57 4.55+0.03
192 7.59+0.89 6.26+1.00 6.06+0.69 4.47+0.82
216 7.2610.94 6.01+1.13 5.56+0.87 3.28+0.10

Table9: Growth kinetics of G anatis biovar haemolytica at 25°C (AvergelLog ,,

+SD value)
Time(h) 0% D,0 99% D,0
Adapted Non-adapted Adapted Non-adapted
(Parent) (Parent)
0 7.47+0.18 7.47+0.15 7.39+0.19 7.36+0.14
6 7.28+0.12 7.86+£0.04 0.00+0.00 7.82+0.03
12 6.51+0.06 6.70+0.07 4.52+2.89 5.92+0.08
18 6.25+0.06 6.81+0.02 0.00+0.00 4.52+2.89
24 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
36 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
48 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
72 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
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Table 10 : Growth kinetics of G anatis biovar haemolytica at 37°C (AvergelLog ,,

+SD value)
Time(h) 0% D,O 99% DO
Adapted Non-adapted Adapted Non-adapted
(Parent) (Parent)
0 7.47+0.18 7.47+0.15 7.39+£0.19 7.36+0.14
6 8.67+0.04 8.73+0.08 6.59+0.17 5.77+0.58
12 8.75+0.03 8.66+0.05 5.03+0.24 5.26+0.93
18 8.92+0.12 8.63+0.14 5.39+0.58 5.12+0.60
24 8.95+0.10 8.59+0.14 7.08+1.19 5.31+0.26
36 8.98+0.09 8.72+0.17 7.33x0.27 5.13+0.18
48 9.47+0.30 8.14+0.06 8.26+0.03 8.23+1.26
72 8.75+0.14 8.29+0.10 7.88+0.81 7.92+0.20

Table 11 : Growth kinetics of G anatis biovar haemolytica at 45°C (AvergelLog ,,

+SD value)
Time(h) 0% D,0 99% D,0
Adapted Non-adapted Adapted Non-adapted
(Parent) (Parent)
0 7.39+0.28 7.51+0.20 7.39+0.19 7.36£0.14
6 6.04+0.20 5.05+0.57 6.33+0.10 7.32+0.29
12 5.56+0.87 6.29+0.16 6.23+0.18 5.53+0.39
18 7.07+0.76 7.03+0.49 6.80+0.40 7.30£0.24
24 7.10+0.06 7.13+0.32 7.87+£0.41 7.09+0.05
36 7.46%0.05 7.32+0.17 8.09+0.26 7.29+0.16
48 7.76£0.04 7.45x0.12 7.80+£0.08 7.35£0.13
72 7.74+0.13 7.47+0.10 8.04+0.15 7.45%0.06
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45. Survival

Survival of parent aswell as adapted strain in storage medium having 0%, 20%,
75%, 90% and 99% D,0 was best at 37°C, (112-119 days) less at 45°C (35-56 days) and
theleast (14-28 days) at 4°C. However, survival was better when D,O wasadded in storage
medium irrespective of adaptation to grow in presenceof D,O (Table12, 13, 14, 15, 16 &
17) (Graph 8-12).

Table 12: Survival of Adapted G anatisbiovar haemolyticaat 4°C (AvergelL og,,+SD

value)
Time(days) 0% DO 20% DO 75%D,0 90% DO 99% D,0
0 7.24+£0.13  7.29£0.20 7.26£0.12 7.28+0.16 7.26+0.24
7 7.03£0.20 7.40+0.16 7.28+0.12 0.00£0.00 0.00+0.00
14 6.12£0.08 6.85£0.04 6.51+0.06 4.52+2.89 0.00+£0.00
21 6.48+0.03 6.43x0.04 6.25+£0.06 0.00£0.00 0.00+0.00
28 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
35 0.00£0.00 0.00+£0.00 0.00£0.00 0.00£0.00 0.00+0.00

Table13. Survival of Non-adapted (Parent) G anatis biovar haemolytica at 4°C
(AvergelLog,, +SD value)

Time(days 0% D,0 20% D,O 75% D,0 90% D,0 99% D,0
0 7414017  739+008  7.33t031  7.31+027  7.28+0.33
7 800+006  793t007  7.86:004  7.82:003  0.00+0.00
14 6.6+012  700:011  670t007  592:008  0.00+0.00
21 000£000 694+003  681+002 4524289  0.00+0.00
28 000+000 000£000 000+0.00 0.00+000 0.00+0.00
3% 000+000 000£000 000+0.00 0.00+000 0.00+0.00
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Tablel4: Survival of Adapted G anatisbiovar haemolytica at 37°C (AvergelLog ,,+SD

value)

Time(days) 0% D0 20% DO 75% D,0 90% D0 99% DO
0 555+0.17 552+0.10 5.49+0.18 5.44+0.13 5.40+0.14
7.91+0.09 7.83+x0.16 7.91+0.06 8.00+0.11 7.87+0.06

14 7.67+0.07 7.27+x0.18 7.75+£0.05 7.62+0.07 7.59+0.10
21 6.99+0.07 7.00+0.02 7.00£0.04 7.00+0.05 7.00+0.08
28 6.95£0.04 7.00+0.06 7.00£0.03 6.52+0.14 7.00+0.11
35 6.99+0.11  7.00+0.07 6.81+0.06 6.88+0.04 6.99+0.11
42 7.67+0.09 7.43x0.07 7.64+0.09 7.44+0.15 7.43+0.09
49 7.51+0.13 7.58+0.18 7.41+0.24 7.22+0.26  7.51+0.79
56 7.09+0.21 7.39+0.15 7.58+0.14 7.60+0.07 7.80+0.08
63 6.75+0.12 6.40+0.06 7.00+0.09 6.88+0.11 6.95+0.07
70 6.00£0.04 6.87+0.08 6.75£0.20 6.60+0.15 7.00+0.12
7 6.24+0.09 6.80+0.14 7.00£0.13 7.00+0.08 7.00+0.11
84 6.70+0.04 6.87£0.05 7.00£0.24 6.52+0.14 7.00+0.06
91 6.05+t0.24 6.87£0.04 7.00+0.05 6.70+0.11 7.00+0.12
98 7.00+0.08 6.92+0.08 7.00£0.17 7.00+0.04 7.00+0.15
105 7.00+0.09 6.82+0.03 6.66+0.07 6.36£0.05 6.87+0.09
112 0.00+0.00 6.04+0.08 5.60+0.24 0.00+0.00 6.46+0.19
119 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00
126 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00
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Table 15. Survival of Non-adapted (parent) G. anatis biovar haemolytica at 37°C
(Averge Log ,, SD value)

Time(days ~ 0% D,0  20% D,0 75% D,0 90% D,0 99% D,0
0 564+0.09 4.98+0.18 549:0.17 543t006 5.38+0.16
8.00+0.07 7.87+0.14 7.94:+005 7.96:0.10 8.00+0.03

14 6.98+008 7.02¢008 6.95:0.06 7.01+0.07  6.90+0.15
21 6.88+0.04 652:0.11 7.00:0.04 6.22+0.15  6.64+0.06
28 700:6004 7.00:006 6.75:t0.09 6.80+0.06  7.00+0.13
35 6.62¢023 7.00:0.15 693+0.07 6.87+0.10 6.88+0.13
42 6.56+0.14 7.00:0.03 6.75:0.05 6.88+0.29 6.70+0.17
49 6.25:020 7.00:003 6.98+0.11 654+0.25 6.85+0.04
56 7074011 695:0.10 693+0.08 6.95+0.08 6.75:0.13
63 6.74t011 673030 6.79:0.19 6.10+005 6.60+0.22
70 6.60:0.09 7.00+007 6.75:0.03 652+0.18  7.00+0.04
77 6.70+022  7.00:023 7.00:0.21 7.00:0.11  7.00+0.14
84 6.97+0.14 687013 6.64+0.07 7.00:0.08  7.00+0.14
91 6.97+0.14 6.87+011 692+0.15 7.00+0.15  7.00+0.27
98 7006016  7.00:0.08 6.62+0.16 6.85:0.12 6.87+0.23
105 6.99+0.13 6.89+0.06 653+0.15 6.85:0.09 6.95:0.13
112 0.00£0.00 598+0.18 0.00:0.00 0.00:0.00 6.22+0.04
119 0.00£0.00 0.00+0.00 0.00:0.00 0.00:0.00  0.00+0.00
126 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00
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Table16: Survival of Adapted G anatisbiovar haemolyticaat 45°C (AvergelLog,,

+SD value)

Time(days 0% D,O 20% D,0 75% D0 90% D,0 99% D,0
0 7.00+0.04 6.85+0.22 6.82+0.13 6.87+£0.29 6.90+£0.31
7 7.36+0.16 6.95+0.10 7.70£0.18 7.43+0.18 7.19+0.15
14 6.79+ 0.05 6.85£0.02 0.00£0.00 6.76x0.02 6.40+0.03

21 6.48+0.03 0.00£0.00 0.00£0.00 0.00£0.00 6.03+0.15
28 0.00£0.00 0.00+x0.00 0.00£0.00 0.00+0.00 6.94+0.09
35 0.00x0.00 0.00x0.00 0.00£0.00 0.00+0.00 6.81+0.06
42 0.00£0.00 0.00+x0.00 0.00£0.00 0.00+0.00 3.34+0.12
49 0.00£0.00 0.00+x0.00 0.00£0.00 0.00+0.00 4.64+0.22
56 0.00+x0.00 0.00+x0.00 0.00+£0.00 0.00+£0.00 0.00x0.00
63 0.00£0.00 000+x0.00 0.00£0.00 000x0.00 0.00x0.00
70 0.00£0.00 0.00+x0.00 0.00£0.00 000x0.00 0.00x0.00

Table 17: Survival of Non-adapted (Parent) G. anatis biovar haemolytica at 45°C
(Averge Log ,, +SD value)

Time(days 0% D,0 20% D,O 75% D,0 90% D,0 99% D,0
0 7181016  697+0.19  701+023  687:022  7.00:0.15
7 6.88t006  7.16£t007  7.33:t004 7524002  7.03:0.11
14 682:011  7.874018  695t0.10  712t022  687+0.07
21 6.85:029  7.31+007  7.30t016  7.26:008  7.29+0.32
28 6.88t006  690+007  666t007 684005  6.75+0.09
3 691015  000+000  654t016 698019  6.82+0.09
42 5374010  000+000  659t004  573:033  6.93:0.12
49 645t012  000+000  650t014 668034  6.730.07
56 000:t000  000+0.00  000+000 000000  0.00:0.00
63 000:000  000+000  000+000 000000  0.00:0.00
70 000:t000  000+000  000+000 000000  0.00:0.00
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in 0% D,O at different temperature
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Results...

4.6. Phenotypiccharacteristicsand virulence markersof parent and
D,O adapted isogenic strain of G anatis bv. haemolytica

4.6.1. Congo Red Dye Binding (CRDB) Assay

Of the two Congo red dye concentrations (0.01% and 0.03%) employed, 0.03%
permitted the better discrimination of strainsincluded in study for CRDB ability (Fig. 11).
Parent strain wasnegativein CRDB assay producing col ourless colonieswhile 51H (adapted
strain) of G. anatis bv. haemolyticaformed brown to dark brown colonies on CRD agar
plateshaving 0.01% and 0.03% of dye, respectively (Fig. 12). Addition of bilesaltin CRD
medium inhibited growth of parent strain totally but afew red colonies could be seen of
adapted strain (Table 18).

Table18: Growth and colour of colonieson trypticase soy agar

Tested bacteria With 0.01% Congored dye With 0.03% Congored dye
species OnTBC OnTBnC OnTBC OnTBnC
G anatisbv. haemolytica (HLY) NG Little NG Little
from Poultry

G anatisbv. haemolytica (PH4) NG Little NG Little
fromPigeon

Adapted G anatis bv. haemolytica Few red Brown Fewred Dark brown
(51H) colonies colonies colonies colonies
Staphylococcus aureus (SAM) Slight Red Slight Red Slight Red Slight Red
Pseudomonas aeruginosa (A-290) White White White White
Avibacterium species. (CHB) NG NG NG NG
Escherichiacoli (DPE) fromDog  Slight Red Slight Red Slight Red Slight Red

Escherichia coli (M-97) fromcalf Red colonies Red colonies Red colonies Red colonies

Note : NG- No growth, TBC- Trypticase soya agar with 10 % bile and congo red dye
TBNC- Trypticase soya agar with congo red dye

4.6.2. Efflux pump activity in adapted and parent strain of Gallibacterium anatis
bv. haemoalytica
Of the 5 strain tested including parent and adapted strain of G anatisbv. haemolytica
named HLY, 14H, 25H, 51H and PH4 (6PH4) growth of first threewas non-fluorescent i.e.
having activeefflux pump whilethelast two strainsformed fluorescent growth indicating [oss
of efflux pump activity (Fig. 13,14 & 15).
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4.6.3. Antibodiesfor Gallibacterium anatis bv. haemolytica:

Results...

Resultsfor 70 serum samples of poultry (Table 19), 8 of pig (Table 20) and goat

(Table 21) each reved ed presence of antibodiesin serum of 23 birds, 7 pigsand 8 goatsfor

formailinized antigen andin 15, 5 and 8 serum samplesfor O antigen, respectively.

Table19: Microagglutination test in Poultry

Species Total MAT titre for ‘O’antigen ~ MAT titre for ‘formalinized’ antigen
Sample Total Positivsample Total Positive sample
(N) No. of Titre No. of

Sample Sample Titre
Poultry 70 13 12 3 12
2 14 2 14
5 18

5 116

6 132
1 164

1 1128

Table20: Microagglutination test in Pig

Species Total MAT titre for ‘O’antigen ~ MAT titre for ‘formalinized’ antigen
Sample Total Positivsample Total Positive sample
(N) No. of Titre No. of
Sample Sample Titre
Pig 8 1 1:2 2 18
3 14 1 1:16
1 18 2 1:32
2 1.64

Table21: Microagglutination test in Goat

Species Total MAT titre for ‘O’antigen ~ MAT titre for ‘formalinized’ antigen
Sample Total Positivsample Total Positive sample
(N) No. of Titre No. of
Sample Sample Titre
Goat 8 5 18 2 18
2 116 2 116
1 1:32 2 1:32
1 1.64
1 1:128
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TBnC 0.01%

Fig. 11: Growth and colour of colonies of strain CHB, SAM, A-290P and DPE on trypticase soya
agar in Congo red binding assay

0.01% TBnC

0.03% TBnC 0.03% TBnC

Fig. 12: Growth and colour of coloniesof HLY, 25H, 51H and PH4 strain of Gallibacterium anatis
bv. haemolytica on trypticase soya agar in Congo red binding assay



Fig. 13: Control strain DH5a of E. coli without efflux pump showing fluorescence on Ethidium
bromide plate

Fig. 14: Efflux pump activity at different concentration of Ethidium bromide platein HLY, 14H,
25H, 51H and 6PH4 strain of G anatis bv. haemolytica by Cart wheel method
Fluorescence : Efflux pump inactive
Non- fluorescence : Efflux pump active
HLY : Parent strain of G. anatisbv. haemolytica
14H : 14 time passagein 99% D,0O of G anatis bv. haemolytica
25H  : 25time passage in 99% D,0O of G. anatis bv. haemolytica
51H :Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D,0
6PH4 : 37 time passage in 99% D,0O of G. anatis bv. haemolytica
DHb5a : Control strain DH5a. (E. coli)



Fig. 15: Efflux pump activity at different concentration of modified Ethidium bromide plate in
HLY, 14H, 25H, 51H and 6PH4 strain of G anatisbv. haemolytica by Cart wheel method
Fluorescence : Efflux pump inactive
Non- fluorescence : Efflux pump active
HLY : Parent strain of G. anatisbv. haemolytica
14H : 14 time passagein 99% D,O of G anatis bv. haemolytica
25H : 25time passage in 99% D,0O of G. anatis bv. haemolytica
51H :Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D,0
6PH4 : 37 time passage in 99% D,0O of G. anatis bv. haemolytica
DHb5a : Control strain DH5a. (E. coli)



Results...

4.6.4. Haemagglutination (HA)

Theresultsof HA patterns of Gallibacteriumanatisbv. haemolyticashownin Table
22 indicated that therewas differencein HA pattern of the parent and adapted strains.

Table22: Hemagglutinating activity of Parent (HLY) and Adapted (51H) strain of

G anatisbv. haemolytica

Sour ce of Agglutination of fresh Agglutination of tanned

Erythrocytes RBCswith parent (HLY) RBCswith adapted strain 51H
Mannose Mannose Mannose Mannose
resistant sensitive resistant sensitive

Pig - + -

Dog - - - +

Rat + + -

4.6.5. Antibiotic sensitivity and M1 C of parent and adapted strain

Theresultsreved ed (Table 23) that the parent strain was moresensitiveto Gentamicin,
Chloramphenical, Azithromycin, Nitrofurantoin, Ampicillin, Imipenem, M eropenem, Ertapenem
and EDTA whileadapted strainwasmore sengtivefor Penicillin, Gentamicin, Chloramphenicol,
Azithromycin, Nitrofurantoin, Ampicillin, Imipenem, Meropenem, Ertapenemand EDTA. The
MIC resultsindicated that adaptation of G anatisbv. haemolytica togrow in D, O containing
medium affected theMIC of different drugsdifferently. Theadpated strain had moreMIC for
ampicillinand ciprofloxacinwhilelessfor Azithromycin and Chloramphenicol thanitsparent

(Table24).
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Table 23: Antibiotic sensitivity test of parent and adapted strain of G anatis bv.

haemolytica
Drug Parent (HLY) Inhibition Adapted (51H)
zone(mm) I nhibition zone (mm)
1 Peniallin 14 18
2 Tetracydine 12 10
3 Co-trimoxazole 0 0
4 Gentamian 18 24
5 Chloramphenicol 30 32
6 Azthromyadn 17 24
7 Nitrofurantoin 23 28
8 Ciprofloxacin 7 8.5
9 Ampidllin 20 26
10 Imipenem 24 35
11 Meropenem 30 25
12 Ertapenem 30 33
13 EDTA 24 28

Table24 MIC determination of selectivedrugin parent and adapted strain of G
anatisbv. haemolytica

Drug Parent (HLY) Adapted (51H)
(ug/mL) (ug/mL)
Ampidllin 16 32
Azithromyadn 64 32
Ciprofloxacin 64 128
Chloramphenicol 16 8
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Results...

4.6.6. Protein profiling:

NATIVE-PAGE of parent (HLY) and adapted (51H) strainsunder study revealed
presence of morethan 6 distinct bandsin Coomassiebluestaining (Fig. 16) and8-10insilver
staining (Fig. 17) of NATIVE-PAGE. The SDS-PAGE profile revea ed the presence of
proteinsby useof 10to 180 kDaladder withlysate of the G anatisbv. haemolyticastrainsin
thestudy. Each of thetwo strains (parent and adapted) had at |east onedistinct band different
fromtheother in NATIVE-PAGE whilein SDS-PAGE protein band between 51 kDato 71
kDawasmissingin adapted strain (Fig. 18).

&5 S e
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Fig. 16: NATIVE-PAGE profileof HLY, 51H, PHLY AND P51H by Coomasiebrilliant blue staining
Lanes1-2 :51H
Lanes3-4 :HLY
Lanes5-6 :P51H
Lanes7-8 :PHLY
Lanes 9-10 : Positive control HLY

Fig. 17: NATIVE-PAGE profileof HLY, 51H, PHLY AND P51H by Silver staining
Lanes1-2 :51H
Lanes3-4 :HLY-O (Positive control)
Lanes5-6 :P51H
Lanes7-8 :PHLY

HLY : Parent strain of G. anatis bv. haemolytica
PHLY . Parent strain of G. anatis bv. haemolytica after 51 time passage in H,O
51H - Adapted strain of G anatis bv. haemolytica after 51 time passage in 99% D,0

P51H - Adapted strain of G anatis bv. haemolytica after 51 time passage in H,O
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Fig. 18: SDS-PAGE profileof HLY-O, 14H, 25H, 51H and 6PH4 by Coomasiebrilliant bluestaining
Lanes1-2 :HLY-O
Lanes3-4 :14H
Lanes5-6 : 25H
LaneM : Protein molecular weight marker in kDa
Lanes7-8 :51H
Lanes9-10 : 6PH4
HLY-O : Parent strain of G. anatis bv. haemolytica

14H - 14 time passage in 99% D,0O of G. anatis bv. haemolytica
25H : 25 time passage in 99% D,0 of G. anatis bv. haemolytica
51H - Adapted strain of G. anatis bv. haemolytica after 51 time passage in 99% D,0O

6PH4 : G anatis bv. haemolyticaisolated from Pigeon






DISCUSSION

5.1. Growth kinetics

In presence of D,O increasein lag phasewas evident for both adapated and parent
strainsof Gallibacterium. anatis bv. haemolytica. However, in case of E. coli strainthere
appeared to be no significant effect on lag phase but growth wassignificantly reduced asin
case of G anatisbv. haemolyticastrains. Similar results have been reported for E. coli in
earlier studies (Anthony salvagno, 2013). Thedifference between E. coli and G anatishbv.
haemolyticastrains might be dueto theinherent differencein thetwo bacteria(Katz et al .,
1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni and Strambini,
2002). In the present study G anatis bv. haemolytica strains grew better at 37°C than at
10°C, 45°C. Itisaknown fact that different species of microbes have aspecific temperature
for optimal growth. The adapted strain when wasre-grown in medium madein normal water,
it grew asefficiently asthe parent and ininstances even better. However, earlier observations
report that lag phaseisoften longer on change of isotopi c environment (Ernest and Rittenberg,
1960). Thismight be dueto some specific growth characteristics of G anatisbv. haemolytica,
not exploredin the study.

5.2. Survival

Though there was no marked differencein survival of D, O adapted and isogenic
parent strains of G anatis bv. haemolyticawhen stored in presence or in absence of D,Oin

storage medium at different temperatures of storage, presence of D, O in storage medium



Discussion...

increased thesurviva of thebacterium irrespective of adaptation. Theincreased surviva might
be associated withincreased stability of structurd proteinsin presence of D,O reported earlier
(Moner, 1972). Stability of pathogens has been reported to changewith addition of D,Oin
medium at different temperatures depending on concentration of D,Ointhe medium (Wu et
al., 1995; Ikizler et al., 2002; Kushner et al., 1999). In the present study too, survival was
the best at 99% of D,O concentration inthe storage medium that too at 37°C.

5.3. Congo Red dye Assay

Inthe present study parent strain of Gallibacteriumanatisbiovar haemolyticafailed
to produce red or brown colonies on Congo red agar while adapted strain (51H) formed
brown or dark brown colonies. The colour of coloniesget darker withincreasein CR dyein
the growth medium. Congo red dye binding assay (CRBA) isestablished method to determine
virulencetraitsof severa bacteria species(Kay etal., 1985; Cangelos et al., 1999; Kimizuka
et al., 2009). Congo red binding (CRB) cells produce intense red colonies and non-CRB
cellsproduce colourless colonies (Qadri et al., 1988), this property has been shownto be
associated with cell surface hydrophobicity (CSH) in many of the bacteriacolonizingtheskin
and various mucosal surfaces(Doyle & Rosenberg, 1990; Goulter et al., 2010). Though, G
anatisbv. haemolyticaisknown to colonisein upper respiratory and lower reproductivetract
(Bisgaard, 1977; Mushin et al., 1980). CRB does not appearsto beanimportant virulence
marker for G. anatis bv. haemolyticaas the CR binding increased on subculturing of the

bacteriawhichisknown to cause decreasein virulence (Cruickshank et. al ., 1968).

Though the parent strain of G anatisbv. haemolytica didn’t grow in presence of bile
sdlt, growth of D,O adapted strainin presenceof bilesalt indicated some physiologica change
inthebacteria. Similar effect of bile has been reported on over expression of fimbriaeand
increasein bacterial adhesonin E. coli and B. fragilis(de Jesuset al ., 2005; Pumbweet al .,
2007).

5.4. Effulx pump

Efflux-mediated drug res stance hasbeen reported in bacteria(Li and Nikado, 2009).
Out of 5 strainstested including parent and adapted strain of G, anatisbv. haemolytica, HLY,
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14H and 25H had active efflux pump forming non-fluorescent col onieson EtBr mediumwhile
51H and PH4 (6PH4) strains growth showing fluorescence indicated | oss of efflux pump
activity. However, studieson drug resistance and M1 C patterns of adapted and parent strains
didn’t corroborated with the activity of efflux pump in the study. It might be due to the fact that
all kindsof drug resistancein not mediated through efflux pum activity (Kumar and Singh,
2013). Although tetracyclineres stance determinant (tet31) G anatis isreported to bemediated
through efflux pump activity (Bojesen et al., 2011), in the present study tetracyclineresi stant
G anatisbv. haemolyticastrain remained resi stant to tetracycline even after completel oss of
efflux pump inadapted strain. Thismight bedueto maintenance of other tetracydineresistance
trait by G anatis bv. haemolytica asreported earlier in many other bacteria (Kumar and
Singh, 2013).

5.5. Gallibacterium anatis bivovar haemolytica antibodies in birds
and animals

Thestudy reveal ed presence of antibodiesfor formalinized antigen (probably fimbrid
antigens) and O antigen of G. anatis bv. haemolyticain serum of birdsaswell asgoat and
pigs. It indicated that though G anatisbv. haemolyticawasisolated for thefirst timein India,
it may not beanovel pathogenin Indian environment. It necessitate the study to understand
the preva enceof the pathogen in different birdsand animasinIndia. Similar studiesin other
parts of theworld hasrevealed prevalence of G. anatis bv. haemolyticainfectionin many

partsand animal sof different continents(Wang et al., 2011; LI et al., 2012).
5.6. Haemagglutination patterns (fimbriae)

Parent aswel| asadapted isogenic strain of Gallibacteriumanatisbiovar. haemolytica
failed to agglutinate erythrocytes of most of the animals except rat, pig and dog. Adapted
strain faled to induce mannoseres stant haemaggl utination (MRHA) of rat erythrocytesand
mannose sensitive HA (MSHA) of pig erythrocytesbut it started to induce M SHA of dog
erythrocytes. Thismight be dueto changein binding epitopesof fimbriaeresultingin changed
affinity to different erythrocytes. Thiskind of change might beassociated with changein protein
folding or tightening associated with growthin presence of D,O (Katz et al ., 1957, Thomson,
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1960; Katz and Crespi, 1971; Ramakrishnaiah, 1990; Cioni and Strambini, 2002). The
haemaggl utinating ability of bacteriafor different erythrocyteshasbeen used to screenfor the
presence of the different colonization factor or fimbrial antigensof bacteria(Evanset al.,
1979). Either the changein HA pattern observed in the present study was associated or not
with colonization ability of adapted strain needsfurther studies.

5.7. Minimum Inhibitory Concentration and antimicrobial drug
resistance

Thestudy strains (adapted and parent) both wereresistant to penicillin, tetracycline,
cotrimoxazoleand ciprofloxacin. Though theinhibition zonefor penicillinwasmore (18 mm)
for adapted strain than the parent (14 mm), it cannot be marked sensitive. The observation
corroborate well with the earlier reports of resistancein Gallibacteriumstrainsof poultry
origin (Post etal., 1991; Wattset al., 1994; Meviusand Hartman, 2000; Lin et al., 2001,
Malik et al., 2005; Hendriksen et al., 2008 and Johnson et al., 2011). Emergence of
antimicrobial resistance has been observed among several organisms belonging to the
Pasteurellaceaefamily (Aarestrup et al., 2004; Aarestrup, 2005) including G anatisisolates.
No differenceinadapted and parent strainwith respect to antibiotic sengtivity revealed stability
inthetrait which might be associated with severd mechanismsof resistance than efflux pump
(Kumar and Singh, 2013). Theantibiotic sensitivity assay resultswerefurther confirmed by
MIC studiesof thetwo grains. Thestudy reved ed two fold decreasein sengtivity on adaptation
forampicillin(32mcg/ ml) and ciprofloxacin (128 mcg/ ml), it may not bethesimpl e effect of
subculturing as on subculturing studies hasindicated i creasein sensitivity rather decrease
(Kumar and Singh, 2013). It can be explained with the changed mol ecular Structure of bacteria
on adaptationto grow inpresence of D, O |eading toimportant changesin molecular structure
of macromolecul es someof them might be associ ated with decrease or atered receptorsfor
the drugs (Katz et al., 1957; Thomson, 1960; Katz and Crespi, 1971; Ramakrishnaiah,
1990; Cioni and Strambini, 2002). The adapted strain had lessMIC than parent strain for
azithromycin and chloramphenicol, which can beattributed as effect of sub-culturing during
adaptation procedure asreported earlier (Kumar and Singh, 2013).
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5.8. Protein profiles of adapted and parent strain

Resultsof protein profiling reveal ed changesin proteinsof thetwo strains. Thechange
might be dueto just changein macromol ecul ar structure, protein folding or tightening of the
protein mol ecul es altering the migration of the proteins or it might be dueto induction of
synthesisof new protein moleculesto copethestress of D,O or might be dueto stoppage of
expression of some proteins of parent strain. However, the dilemmacan only be cleared
through more studiesat molecular level. Heavy water isknown to make changesin molecular
folding of biological macromolecules(Milstienet al., 1997; Newvman et al., 1995; Senetal.,
2009) and changesin geneexpression (Hohlefelder et al ., 2013) in severd lifeformsleading

to overexpression of certain heat shock proteins(Unno et al., 2005).

The observation of thestudy indicated that G anatisbv. haemolyticathough difficult
toisolateand grow in general |aboratory was quite able to adapt the stressand grow evenin
presence of 99% D, 0. Further, there was no much effect of adaptation of G. anatis bv.
haemolyticato grow in D, O medium specificaly on survivability, growthrateand antimicrobid
drug resistance. However, there was appreci abl e effect detected in protein profile of thetwo
strains and al so with respect to haemaggl utination and Congo red dye binding, which might
affect its pathogenic potential and warrant moretargeted studies. The addition of D,Oin
storage medium was hel pful inlong term maintenance of the pathogen even at 37°Cwhichis
animportant finding and can be utilized for thermostable packaging of livevaccines. Thestudy
concludesthat the G anatisbv. haemolyticainfection might also becommonin Indiaand

needsfurther studiesto establish thetrue prevalence of theinfection.

&5 S e
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Indiaisacountry where agriculture and animal husbandry sectorsaretheimportant
pillarsof economy. Inthelivestock industry, poultry sector hasemerged thefastest asan eco-
businessinworld. Dueto significant |osses dueto diseases conditions caused Gallibacterium
anatisinfection; it has been identified asone of theimportant emerging bacteria diseasesin
Asian countries. Duetoitsfastidious nature, commensal statusand with no pathgnomonic
lesionsin diseased birds G anatisinfection often remainsobscurefor diagnosis. Theoutbreaks
of thedisease arereported al over theworld and recently in northern India(Singh, 2015,
IVRI Annua Report 2015-16). However, littleisunderstood about the pathogen with respect
itsadaptation to changing environment, expression of itsvirulencefactors, diagnosisof the
infection and utility/ avail ability of good vaccinefor control of the outbreaks. The present
study was designed to understand thegrowth kinetics, survivad, thermal death point, multiple
drug resistances and phenotypi c characteristics, changesin protein profilein presence of D,O
using an D,O adapted and parent strain. The genotypic confirmation of G anatiswas done
with PCR through observation of threeband of different molecular waight by gdl dectrophoresis
dueto presenceof internal transcribed spacer region (ITS) separating the 16sand 23 gene.
Gallibacteriumanatisgrowth at different levelsof D,Oin growth medium and differencesin
growth of D, O adapted and parent strainswereobserved with referenceto colony morphol ogy,
haemolytic zone, growth patternsin liquid thioglycollate medi um, and mi croscopic morphol ogy
of bacteria
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In presence of heavy water in growth medium G anatistook longer timeto grow
than without D,O. Onincreasing the concentration of the heavy water (10%, 20%, 30%,
50%, 75%, 90% and 99%) prolongation of lag phase was evident. However, when 50%
water contents of medium were replaced by D,O growth was much better than at other
concentration of D,Oingrowth medium. Even D, O adapted strain grew better inmedium
without D,O.

Both adapted aswell asnon-adapted G anatisstrainssurvived at 60°C for 2 minutes
but not for 3 minutes, while at 55°C for 15 minute but not for 16 minute, irrespective of

adaptationtogrow in D, 0.

Irrespective of adaptationto grow in D, O surviva at 37°C wasfor thelongest periods
(119days) in comparison to other temperatures asat 45°C, 25°C and 10°C. On storagein
presenceof D,0O, surviva wasbetter at 37°C than at 45°C and 4°C suggesting that addition
of D,Oinstorage medium might be helpful toincreasethelife of bacteria

Phenotypic differencesin parent and adapted strain of G anatisbiovar haemolytica
were observed with respect to colony morphol ogy, haemolysis zone, Congo red dye binding,
haemaggl utination patterns, drug resi stance, ability to grow in anaerobic environment and
presence of Congo red dyeand bile salt, and in activity of efflux pump. At molecul ar level
effect of adaptation wasevident in protein profilesof thetwo strains.

Withtheincreasepassagelevel of the parent strainin D, O inactivation of efflux pump
was more and more evident and finally got inactivated. Congo red dye binding assay was
negativefor parent strain but brown to dark brownish coloniesof adapted strain (51H) was
observed. Mannose sensitive haemaggl utination (MSHA) of pig erythrocyte was detected
with parent G anatisstrain while M SHA tanned dog erythrocyte was detected with adapted
G anatisstrain only. Antibodies against boiled and formalized antigen of G anatiswere

detected in poultry, pig and goat serum with agglutinationtitresranging from <2to 128.
6.1. Conclusion

Heavy water induced changes in phenotypic characteristics of G anatis both at

macroscopic and molecular levels. Detection of G, anatis antibodiesin serum of healthy

Studies on growth kinetics of Gallibacterium anatis in presence of deuterium oxide..... 5



Summary and Conclusions...

poultry birds (23/70), Pig (8/7) and Goat (8/8) indicated preva ence of infectionin birdsand
animasin Bareilly region. Thestudy reveded that G anatis can adapt easily togrow inD,0O
and probably in other stressful environment too. Adaptation to grow in presence of D,O not
affected surviva of G anatisat different storage temperature, however, caused reductionin
MIC of azithromycin, chloramphenicol andincreasein MIC of ampicillin and ciprofloxacin.
Though growth of G anatiswasslower inpresence of D, O irrespective of adaptation or no-
adaptation, adapted strain grew much faster than parent strainin presenceof D,O, smilarlyin
presence of 0.01% to 0.03% Congo red dye in growth medium. The adapted strain of G
anatisalso grew in presenceof bile sat while parent strain failed to grow. Protein profiling of
adapted and parent strain of G. anatisrevealed that some of the protein weremissingin
adapted whilefew weremissing in parent strainindicating that D,O causeseither changesin
expressonor inmolecular weight of proteinor infolding of proteinmoleculesaffectingmigration
of proteinin NATIVE-PAGE and SDS-PAGE. Back passage of adapted strainin medium
without D,O hel ped the bacteriato regainthe parental protein profile. Study on HA of fresh
aswell astanned RBCswith adapted and parent strainindicated that adaptationto grow in
presence of D,O causes changein HA patterni.e., expression of fimbriae. Surviva of G
anatiswas aways better in presence of D,O (20%to 99%) irrespective of prior exposure of
D, 0O (adaptation) or storage temperature.

25 25 25
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MINI ABSTRACT

Gallibacterium anatis is an important pathogen of intensively farmed poultry birds causing
loss in production with heavy mortality in broiler chicken and drop in egg production in layers with
increased mortality. Gallibacterium anatis (earlier known as Pasteurella anatis) is resident in the upper
respiratory tracts and the lower genital tracts of healthy chickens. It has been reported to be associated
with bacteremia, oophoritis, follicle degeneration, salpingitis, peritonitis, hepatitis, enteritis, and respiratory
tract diseases in chickens. Due to its fastidious nature, commensal status and with no pathognomonic
lesionsin diseased birds G. anatisinfection often remains obscure for diagnosis. Poor understanding of
its growth kinetics, environmental survival, epidemiology, virulence factors and pathogenesis work on
development of effective vaccine get obscured. However, once entered it isdifficult to get rid of G anatis
infection on affected poultry farms. Thus to understand more detailed studies on its virulence factors,
growth kinetics and phenotypic characterization is necessary. This study using conventional
bacteriological, serological and molecular method (PCR, cloning and sequencing) reveal ed the potential
of G anatisto survive and grow under adverse environment. Gallibacterium anatis biovar haemolytica
included in this study wasisolated from heart blood in pure culture from broiler birds dying en massein
May-June 2015 | zatnagar, Bareilly and in nearby villages (Singh, 2015, I VRI Annual Report 2015-16). The
G anatisbiovar haemolyticaisolate got adapted to grow in 99% heavy water (D,O, Deuteriumoxide). On
comparison of heavy water adapted strain with parent strain (non-adapted) for survival, growth kinetics,
thermal death point, multiple drug resistances and phenotypic characteristicsrevealed that G anatisdie
at 60°Cin3 minutesand in 16 min at 55°C, irrespective of adaptation However, adaptation to D,O lead to
reduction in minimum inhibitory concentration (M1C) of azithromycin and chloramphenicol and increase
inMIC of ampicillin and ciprofloxacin. I rrespective of adaptation, G anatissurvival at 37°C wasthe best
than at 4°C and 45°C . However survival of adapted strain at 45°C in 99% D,O was better than parent
strain. Growth of parent strain at 37°C wasfaster than the adapted strain but with similar growth pattern.
The growth of parent strain was slower than the adapted strain in media made in 99% heavy water. On
subculture, the adapted strain had more consistent morphology and maintained its bacillary form while
parent strain acquired coco-bacillary form. Delayed formation of stringin KOH, better anaerobic growth
in thioglycollate medium, reduced colony size and haemolytic zone, ability to grow in presence of bile
salt and Congo red dye after adaptation to D,O were some important changes observed. Besides,
appreciable difference in protein profile and haemagglutination pattern of D,O adapted and parent
strains were also evident effects of adaptation to grow in presence of D,O. The study concluded that G.
anatis adaptation to grow in presence of D,O may cause changes in morphology, growth and virulence
factor expression probably through altering gene expression which needs to be explored further for
explicit understanding of the effect of D,O. However, this study haslucidly shown that for storage of G
anatis at 37°C in presence of D,O was much better and may be a used for storage of live vaccines to
enhance their thermo-stability.
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APPENDI X

Bacteriological media

BLOODAGAR
Yeast extract and agar in BHI (Himedia)
Sheep blood

5-10%

Blood agar basefirg sterilized by autoclaving at 15 ps (1.05K g/lcm?2) for minutesand

after cooling to 50°C, blood should be added.

BRAIN HEART INFUSION AGAR (BHI Agar) (BD, Difco)
Calf Brains, Infusionfrom 200g
Beef Heart, Infusion from 250g
Proteose Peptone
Dextrose
Sodium Chloride
Disodium Phosphate
Agar
Didtilled weter

1.7¢
9.89g
10.09g
20g
509
259
15.0g
1000 mi

Dissolvetheingredient by boiling, sterilize by autoclaving at 121°C at 15 psi (1.05

Kg/ cm?) for 20 minutes and the solution was stored at 4°C.

EOSINMETHYLENE BLUE (EMB)AGAR (BD, Difco)
Peptic digest of Animal tissue
Di-potassium phosphate
Lactose
Sucrose
Eosiny
Methyleneblue
Agar
Didtilled weter
pH

LURIA-BERTANI BROTH (LBB) (BD, Difco)
Tryptone
Yeast Extract
Sodium Chloride
Didtilled water
pH

10.0g
2049
5049
509
049
0.065g
1509
1000 ml
7.2

10.0g
509
10.0g
1000 mli
7.0



MacCONKEY AGAR (BD, Difco)
Pancreatic digest of gelatin
Peptic digest of animdl tissue
Casanenzymic hydrolysate
Lactose
Biledts
Sodiumchloride
Neutral red
Crystd Violet
Agar
Didtilledwater
pH

MULLER HINTONAGAR (BD, Difco)
Beef Extract Powder
Acid Digest of Casein
Starch
Agar
Didtilledwater
pH

MULLERHINTONBROTH (BD, Difco)
Beef Extract Powder
AcidDigest of Casain
Starch
Didtilled water
pH

NUTRIENT AGAR (BD, Difco)
Beef extract
Peptone
Sodium chloride
Agar
Didtilled water
pH

OXGALL (BD, Difco)
Dehydrated Fresh Bile
100g/ 1000 mI Digtilled water

1709
159
159

10.0g
159
509

0.03¢g
0.001 g
1509
1000 ml
7.2

2049
175¢
15¢
1709
1000 ml
7.3

2049
175¢
159
1000 ml
7.3

10.0g
10.0g
509
2009
1000 ml
7.2



TRYPTIC SOYAAGAR (BD, Difco)

Pancrestic Digest of Casein 15.09
Papaic Digest of Soybean 509
Sodium Chloride 509
Didtilled weter 1000 mi
pH 7.3

TRYPTICASE SOYABROTH (BD,BBL)

Pancrestic Digest of Casein 17.09g
Papaic Digest of Soybean 3.0g
Sodium Chloride 509
Dipotassium Phosphate 259
Dextrose 259
Didtilledwater 1000 ml
pH 7.3

SOLUTIONSBUFFERSFORAGAROSE GEL ELECTROPHORESIS

a)

b)

f)

0.5M EDTA (pH 8.0)

EDTA (Disodium dihydrate salt) 18.60¢9
Doubledidtilled weater 80ml

ThepH was adjusted to 8.0 with NaOH pellets. Thevolumewas made upto 100 m.
0.5M EDTA (pH 8.0)

EDTA (anhydrousacidfreeEDTA 14.619g
(Molecular Weight 292.24)
Doubledistilled water 80ml

ThepH was adjusted to 8.0 with NaOH pellets. Thevolumewas made up to 100 m.
Tris-borate-EDTA (TBE) buffer 5X

Tris-base 549
0.5M EDTA (pH 8.0) 20ml
Boricacid 275¢g
DW 900 ml

Add DW to makethefina volume upto 1000 ml. A working solution of 0.5X used.
Ethidium bromidestock solution (10 mg/ml)

Ehidiumbromide 100mg

Didtilled weter 10ml

The solution wasmixed and stored at 4°C. A concentration of 0.5 mg/ml was used
DNA ladder marker

100bp Plusladder: It contains 12 bands ranging from 100bp to 1500 bp

100bp ladder: 1t contains 6 bands ranging from 100 bp to 600 bp

| sopr opanol

Molecular biology grade stored at 4°C



Q) 70% Ethanol

Dehdrated ethanol 70ml
TDW 30ml
Storeat 4

MISCELLANEOUSBUFFERSAND SOLUTIONS
AISEVER’S SOLUTION

Dextrose 2.05¢g
Sodiumcitrate 0.80g
Sodium Chloride 0429
Didtilled Water 100 ml

pH adjusted to 6.1 with 10% citric acid beforeautoclaving at 10 1bsfor 15 minutes.
Filter before used with syringefilter and stored at 4°C until used.
PHOSPHATE BUFFER SALINE (PBS; 0.85M, pH-7.2)

Sodium chloride(NaCl) 89
Disodium hydrogen phosphate 11649
Potassum chloride 0.2¢g
Potassium dihydrogen orthophosphate 0.2g
Didtilled water 1000 mi

Sterilized at 151bs pressurefor 20 min and stored at 4°C until used.

NORMAL SALINE SOLUTION (NSS; 0.85M, pH-7.00)
Sodium chloride(NaCl) 859
Didtilled water 1000 mi
SOLUTIONSFORESTIMATION OFPROTEIN
Modified Lowry’s Method (for 0.1to 1 mg/ ml protein)

SolutionA:1% CuSo,.5H,0 19/ 100ml distilled water
Solution B: 2% sodium potassum tartarate 1 g/ 50 ml distilled water
Solution C: 0.2 M, NaOH 0.8¢/100 ml

Solution D: 4% Na,CO, 4g/100 ml

Reagent Mixtures
Solution E: 49 ml each of solution C and solution D and 1 ml each of solution A and
solution B weremixed prior to use.

Sandard solutions

1%bovinedbumin 0.1gin10ml ditilled water
Folin Reagent: To 10 ml Folin Ciocalteau, add 10 ml Distilled water and useit as
reagent .

Procedure: To 0.5 ml sample containing up to 0.5 mg protein, mix 2.5 ml of reagent
E and keep for 10 min then add 0.25 ml of reagent F and incubatefor 30 minat RT.
Measure absorbanceat 750 nm.



LysisBuffer

NaCl 100 mM
TrisHC 25mM
pH 8.0

REAGENTSAND SOLUTIONSFOR SDS-PAGE

1.

30% Acrylamide- Bisacrylamide mix

Acrylamide 29.0g
Bis-acrylamide 109
Makevolumeupto 100 ml using distilled water. Mix by boiling andfilter. Storeat 4°C.
0.5M Tris

Tris 6.05¢g
Dissolvein65 ml of digtilled water by gently heating. pH adjusted to 8.8using IN HCI
and volume made up to 100 ml with distilled water. Autoclaveand storeat 4°C
1.5M Tris(PH 8.8)

Tris 18.15
Dissolvein 65 ml of distilled water by gentle heating. pH adjusted to 8.8 using 1N
HCL and volume made up to 100 ml with distilled water. Autoclave and storeat 4°C.
10% SDS

Sodium dodecyl sulphate 109
Madevolumeupto 100 ml with ditilled water

10% APS

Ammonium per sulphate 100 mg

Makevolumeupto 100 ml with distilled water. Mix and storeat 4°C
Trisglycinebuffer (5X) (electrodebuffer)

Trisbase 1519
Glydne 5409
DW 900 ml
10% SDS 50ml

Adjust volumeto 1000 ml and adjust pH t0 8.2
Sampleloading buffer (2X)

TrisHCI (1M, pH 6.8) 3.12ml
Glycerol 5ml
10% SDS 10ml
2-Mercapto ethanol 1ml
Bromophenal blue 1mg

Adjust thevolumeto 25 ml using DW. Mix and storeat 4°C
Saining solution

Coomassiebrilliant blue 109
Methanol 250 mli
Mix by stirring

Acsdticacid 50ml

Mix andfilter through whatman filter paper no. 1 and store at amber coloured bottle.



9. Destaining solution

Methanol 150 ml
Glacid aceticacid 50ml
DwW 300ml

10. GEL COMPOSITION FOR SDS-PAGE
COMPONENT RESOLVING STACKING

GEL (12%) GEL (5%)

DW 49ml 34ml
1.5M Tris(pH 8.8) 3.8 ml -
0.5M Tris(pH 6.8) - 630ul
30%A crylamide-Bisacrylamidemix 6.0ml 830ul
10% SDS 150l 50ul
10%APS 150l 50l
TEMED oul 5ul

11) PROTEIN coloured marker for SDS-PAGE (LONZA)
9 colour bandsranging from 11 kDato 184 kDaor 10-180 kDa.

REAGENTSAND SOLUTIONSFOR NATIVE-PAGE:

Buffers:

For a5ml native PAGE stacking gel:

1. 0.375M Tris-HCI pH=6.8 4.275ml
2. Acrylamide/Bis-acrylamide(30%/0.8% wi/v) 0.67ml
3. 10% (w/v) ammonium persulfate (AP) 0.05ml
4 TEMED 5ul

For a10ml native PAGE separating gdl:

Acylamide per centage 10%
1 Acrylamide/Bis-acrylamide(30%/0.8% wi/v) 34ml
2. 0.375M Tris-HCI (pH=8.8) 6.49ml
3. 10% (w/v) ammonium persulfate (AP) 100 pl
4, TEMED 10ul
SampleBuffer for 10 ml (2X):
1. 62.5mM Tris-HCl, pH 6.8 0.1lg
2. 25% glyceral 25ml
3. 1% Bromophenol Blue 019
Running Buffer (For 1Litre):
1. 25mM Tris 399
2. 192mM glycine 14419

Note: running buffer should be~ pH 8.3. Do not adjust the pH.



A) Silver staining solution
Fixative:
40% methanol ; 10% acetic acid; 50% water
Wash Sol:
30% ethanol inwater
Water:
Singleand Tripled.i. water
Reductant:
200 mg sodium thiosulfatein 1 liter water
Silver stain:
2gslver nitrate; 200 ul formadehydein 1 liter of water. Wrap bottlein duminumfoil
to prevent light from gettingin.
Developer:
30 g sodium carbonate; 5 mg sodium thiosulfate; 500 pl formaldehydein 1 L water
Sop Sol:
5% aceticacid inwater
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Abstract

Gallibacterium anatis though known since long as opportunistic pathogen of intensively reared poultry birds has
emerged in last few years as multiple drug resistance pathogen causing heavy mortality outbreaks not only in poultry
birds but also in other domiciled or domestic birds. Due to its fastidious nature, commensal status and with no
pathgnomonic lesions in diseased birds G. anatis infection often remains obscure for diagnosis. Poor understanding
of its epidemiology, virulence factors and pathogenesis work on development of effective vaccine obscured its
importance; however, it is difficult to get rid of G. anatis infection on affected poultry farms. The present review
summarises the current knowledge on G. anatis and its infections.

Keywords: Gallibaterium; Pasteurella anatis; Egg drop; Mortality
outbreaks; Multiple drug resistance; Vaccine

Introduction

Global meat production is predicted to rise by 1.6% over the
outlook period, with poultry becoming the largest meat sector by 2020
[1]. Gallibacterium anatis infection is an emerging disease of poultry.
Growing concern about G. anatis is its poorly understood growth
kinetics, virulence markers, pathogenesis and vaccine(s) to control.
Gallibacterium anatis (earlier known as Pasteurella anatis) is
commensal in upper respiratory tracts and the lower genital tracts of
healthy chickens [2,3]. It has been reported to be associated with
bacteremia, oophoritis, follicle degeneration, salpingitis, peritonitis,
hepatitis, enteritis, and respiratory tract diseases in chickens [4-8].
Gallibacterium anatis mostly affects intensively farmed poultry birds
causing loss in production with heavy mortality in broiler chicken and
drop in egg production in layers with increased mortality [9].
Gallibacterium anatisis also reported to infect turkeys, geese, ducks,
pheasants, partridges, budgerigars, peacock, cage birds, wild birds,
cattle and pig [2,3,10-15]. Recently, it has also been associated with
fatal bacteremia in immune-compromised patient [16]. Gallibacterium
anatis causing disease in birds has been reported from all continents
[2,4,12,17,18]. Tts association with a variety of pathology makes it
difficult to be diagnosed even after post-mortem in absence of
pathgnomonic lesion(s) and the disease is often confused with Fowl
Coryza, New Castle disease and Bird Flu [12].

Gallibacterium anatisis, a Gram-negative, rod shaped, non-motile,
capsulated, facultative anaerobic bacteria was classified in family
Pasteurellaceae by Pohl [11,12]. Gallibacterium anatis has two biovars
ie., a haemolytic biovar, Haemolytica and a non-haemolytic biovar,
Anatis [12]. Currently, G. anatis and G. genomospecies 1, 2 [12], G.
genomospecies 3 and Gallibacterium group V are the defined members
of the genus Gallibacterium [11].

Though the infection of G. anatis is treatable with antibiotics, the
frequency of treatment failure is an emerging and recurrent problem.

Multidrug resistant strains of G. anatis [5,19] have shown resistance to
sulpha drugs, novobiocin, tylosin, clindamycin, tetracycline and
penicillin [20-28]. Concerns have been shown for biosecurity measures
towards control of disease, handling of pathogen and prevention of
spread. Gallibacterium should be handled at biosafety level 2 (BSL-2)
facilities, it has a little potential personnel and environmental risk, and
however, more is too understood for its exact categorisation to some
risk group.

Taxonomy of G. anatis

It belongs to phylum, Proteobacteria; class, Gammaproteobacteria;
family, Pasteurellaceae; genus, Gallibacterium and has two biovars,
heamolytica and anatis [12,29]. First time in 1950 the bacteria was
isolated from cloaca of healthy chickens and was described as
haemolytic “cloaca bacterium” by Kjos-Hansen. The meaning of
Gallibacterium is ‘bacterium of chicken. Being similar to Pasturella in
several characters it was earlier known as P anatis. The genus name
Gallibacterium was first given by Bisgaard in the year 1982 on the basis
of certain phenotypic characters used for identification of
Actinobacillus salpingitidis and avian P haemolytica [2,10,11,30,31].
Christensen et al. [32] established the genus Gallibacterium within the
family of Pasteurellacae based on 16s rRNA gene sequences. The genus
includes the strains belonging to G. anatis, G. genomospecies [1-3,12]
and un-named group V [11]. Taxon 1 designated as a third group of
strains, by Bisgaard in 1982 [30] and named Pasteurella anatis [29],
was also found closely related to A. salpingitidis and avian P
haemolytica.

Besides this, comparison of whole genome by protein profiling
[33]and amplified fragment length polymorphism [34] uncover the
unique properties of five groups and assigned the proposal of new
name to these three novel species of Gallibacterium naming, G.
melopsittaci sp. nov. (Type strain F450T 5CCUG 36331T 5CCM
7538T), G. trehalosi fermentans sp. nov. (Type strain 52/S3/90T
5CCUG 55631T 5CCM 7539T) and G. salpingitidis sp. nov. (Type
strain F150T 5CCUG 15564T 5CCUG 36325T 5NCTC 11414T).
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However, with DNA -DNA hybridization they could not be clubbed
into one genus [11,35]. Confusion is still persistent in naming biovars
and may be a continued debate in coming years.

Epidemiology

Gallibacterium have been reported from many European countries
viz., Switzerland, Denmark, Germany, Austria [2,36-38], African
countries viz., Nigeria [4], Asian countries including China, India and
Japan [17], American countries viz., USA [18,39,40], and several other
countries like Colombia, Taiwan, Norway, Australia, Syria, England,
Sweden and Czech Republic and recently in India. The epidemiological
outcome strongly depends upon strain, route of inoculation and
secondary factor [9]. Host and environmental factors have been
observed to nurture the infection of G. anatis. Host factors playing a
role are hormonal influences [41-43], age [2,44], stress [15], and
compromised immunological status [45]. Important environmental
factors are seasonal changes [23], and cold stress [46] in the similar
pattern reported for infections with other members of Pasteurellaceae
[38,47,48].

Habitat and host range

Gallibacterium strains are known since long as common inhabitants
of the respiratory tract and lower genital tract of healthy chickens
[2,10,49]. Gallibacterium anatis has been isolated from chickens,
ducks, geese, guinea fowl, turkeys, pheasants, psittacine birds,
partridges, web-footed birds, cattle egrets and budgerigars [3,10,49].
Especially biovar haemolytica has also been isolated from healthy
[2,3,49,50] as well as sick birds, cattle and pigs [10-12,30,42,51].

Cultural and biochemical characteristics

The family Pasteurellaceae comprises large group of facultative
anaerobes, gram-negative, non-sporing, chemo-organotrophic and
fermentative bacteria including the genus Gallibacterium. All
Gallibacterium species strains are non-motile have rod-shaped or
pleomorphic cells occurring singly or in pairs. Colonies on bovine
blood agar are strongly P-haemolytic, smooth, greyish, non-
transparent, shiny and circular, raised, with entire margins, 1-2 mm
diameter after 24-48 h at 37°C, and glowing at the periphery having
appearance of butyrous consistency [8,9]. All strains are catalase,
oxidase, and phosphatase positive, and reduce nitrate [12].
Gallibacterium genus can be differentiated from other genera of
Pasteurellaceae with catalase, symbiotic growth, hemolysis, urease,
indole, acid production from (+) D-xylose, (-) D-mannitol, (-) D-
sorbitol, (+) D-mannose, maltose, raffinose, dextrin, ONPG and PNPG
tests [18].

Transmission of G. anatisinfection

The common way of spreading infection is through horizontal
dissemination. Infection of month old poultry birds common and
appears to be natural [2]. Vertical transmission though not common in
Pasteurellaceae family, trans-ovarian infection supporting the vertical
transmission has been experimentally proved for G. anatis [52].
Isolation of G. anatis from the egg yolk and detection of G. anatisin a
4-day-old chicken descended from a diseased parent also supported
vertical transmission hypothesis for the infection [43,45,53].
Ascending infections appears to be the most probable route for the
infection of reproductive organs [38,50]. Venereal transmission of
infections also seems to be feasible as the bacterium has been detected

in semen of infected cockerels [54]. Under favourable circumstances,
the bacterium can invade systemic circulation from its natural habitats
in respiratory and reproductive tract [38,39,55-57].

Virulence factors

RTX toxins are found in many members of Pasteurellaceae and are
responsible for the haemolytic and leukotoxic properties in G. anatis
[58]. Gallibacterium anatis biovar haemolytica produces haemolysin
like GtxA which is a type of RTX-toxin [60]. GtxA induce a strong
leukotoxic effect on avian macrophages and is labelled as a most
important virulence factor of G. anatis [7,43,59]. GtxA toxin has two
domains, C-terminal with homology to other RTX toxin and N-
terminal with no homology. C-terminal is responsible for haemolytic
function but function of N-terminal is unknown, however, this domain
is required for complete haemolytic activity [59]. The four operon
genes are responsible for RTX toxin and are transcribed in an order
ie, rtxC, rtxA, rtxB, and rtxD [43]. MARTX (multifunctional
autoprocessing RTX) toxins bind and regulate the actin protein of
cytoskeleton by which microorganism making a path of immune
evasion strategy [60].

Gallibacterium anatis have capability to adhere on the epithelial
cells of chicken and other host cells [61,62] by short fimbriae [63]. A
number of fimbriae of different sizes and shapes have been defined
belonging to the F17-like fimbriae and are grouped in 1-3 different
fimbrial cluster [64]. The fIfG gene cluster is responsible for adhesion
protein of F17 family [65]. One of the detected fimbriae seems to be
type IV-like pili having bundle structure formed by thin filament like
other pathogenic microorganisms evincing type IV pili [66]. Type IV
fimbriae are appendages participating in intercellular motility,
microcolony formation, colonization, and the secretion of proteases by
host tissues [67].

Gallibacterium anatis produces outer membrane vesicles (OMVs) in
vitro [65] similar all other Gram-negative bacteria. Virulence
properties of OMVs shown by microorganism are adherence,
colonization, binding and removal of antibacterial substances along
with antibiotics which envisage the survival of microorganism [68,69].
Beside, periplasmic components, compounds of cytoplasmic origin
such as DNA have also been found as components contents in OMVs
[69,70].

Gallibacterium have capsule in some strain which may contain
virulence properties as seen in Pasteurella multocida [71]. Capsule is a
general structure made up of extracellular polysaccharide and has been
reported in both Gram-negative and Gram-positive pathogens [72].
The presence of a thin capsule on G. anatis has been observed by
transmission electron microscopy [73]. The presence of a capsule in
primary culture and disappearance after sub-culture is common
finding [14].

Gallibacterium anatis metalloproteases may be having role in
infection process [74] are extracellular Zn containing enzymes [74-76],
however, their exact role is still to be understood.

Ability of a bacterium to form biofilm indicates its ability of
adherence to surfaces and live tissues and plays role in pathogenesis of
persistent and chronic infections with increased resistance to
antimicrobials [77,78]. Biofilm forming ability varies between isolates
of G. anatis and categorises as weak, moderate and strong biofilm
producer [79].
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Some strains of G. anatis agglutinate avian erythrocytes [80,81]. The
presence of a potential haemagglutinin in OMVs released from G.
amatis has been observed [79,82]. The activity of haemagglutinating
(HAs) to RBC of host are of mainly depend on two type adhesins
naming filamentous adhesins and non-filamentous adhesins of
pathogens [83]. The type identity of adhesins of G. anatis involve in
HAs are still unknown [81]. Some of these haemagglutinins could be
responsible for the observed agglutinating activity of some strains
[79,82-84].

Clustered regularly interspaced short palindromic repeats
(CRISPRs) consider as a defence system of bacteria against foreign
invasive DNA, such as DNA from phages and plasmids. The difference
of natural competence have been explicate between strains of G. anatis
by CRISPRs interfere in the process of transformation [85,86].

Integrative conjugative elements (ICE) have genes which are present
within these elements are capable to excise and integrate in the genome
[87]. Identification of ICEs have been reported in the genomes of G.
anatis [79]. As we know that antimicrobial resistance have been
reported in the large number of isolates of G. anatis with the
possibilities of association to ICEs [19]. Genes encoding fimbrial
clusters (fIf) have been reported with adjacent mobile elements [64].

Small colony variants (SCVs) have been observed with differences
of haemolytic activity [88], in primary cultures of Gallibacterium
[45,88,89]. Increased persistence, recurrent infections and increased
resistance towards antimicrobials have been observed in association
with SCVs [8].

Pathogenesis

Repeated isolation of G. anatis from the trachea and cloaca of
healthy birds indicates its commensal status in the upper respiratory
tract and lower genital tract of healthy chickens [2,14,49,50,55,90].
However, isolation of G. anatis in association with a wide range of
different pathological lesions, including septicaemia, pericarditis,
hepatitis, oophoritis, follicle degeneration, enteritis, upper respiratory
tract lesions, salpingitis and peritonitis revealed its importance as an
opportunistic pathogen [2,17,36,39-43,45,47,55,88,89,91,92]. Recent
investigations confirmed that G. anatis colonizes the upper respiratory
tract without causing clinical signs, whereas it may cause severe lesions
in the reproductive tract [54,56]. Studies established G. anatis as the
most common single bacterial infection in chickens causing
reproductive tract disorders [36]. Simultaneous infection with other
microorganisms [39,47,48], hormonal influences [42,43], age [2,45],
seasonal changes [36], stress [15], cold stress [47], and compromised
immunological status [46] are a few predisposing factors nurturing the
infection of G. anatis. In experimental infections semen quality has
been found to be reduced significantly due to decrease in sperm
density, total motility with progressive motility, and membrane
integrity [54].

Disease associated with G. anatisinfection

Due to vast range of pathological manifestations of G. anatis
infection it is difficult to decide the exact disease condition caused by
G. anatis. Incidences of infection to chicken increase during the peak
and late phases of production period [41]. In diseased birds’ mortality
might take place mainly due to salpingitis, oophoritis and peritonitis.
Respiratory tract infections might be responsible for major economic
losses due to the rise in treatment cost and losses due to higher
condemnation rates and mortality.

Gallibacterium may be causing primary or secondary infections
leading to fatal bacteremia, septicaemia and acute septicaemia [41].
The severity of clinical signs, duration of the disease and mortality rate
are variable and influenced by environmental factors, such as poor
hygiene, inadequate management ventilation, ammonia levels in
poultry premises and concurrent diseases. Study on pathogen-specific
genes of Gallibacterium populations [79] suggested the ability of the
pathogen to cause lesions in reproductive organs such as folliculitis,
ruptured and haemorrhagic follicles as well as a drop in egg production
in adult hens [22,38,55,90]. Haemolytic G. anatis was associated with
infection in birds kept in alternative husbandry systems and suffering
from reproductive disorders [38].

Clinical sign and lesion on G. anatis infection

Normally the signs and symptom of diseases caused by G. anatis
infection in chicken are not pathgnomonic leading to creation of
confusion between the different similar symptomatic disease like
Newcastle, fowl cholera and bird flu. The clinical sign are unspecific
but include depression, diarrhoea, pasting around the vent and loss of
egg production take place around peak of lay [41]. Mirle et al. [36]
examined 496 hens with reproductive tract lesions and isolated
Gallibacterium in pure culture from 23% of the diseased organs. Even
though haemolytic isolates are primarily diseased causing biovar but
non-haemolytic strains might be associated with chronic cases of
localized or generalized purulent peritonitis with £. coli [41].

Diagnosis of Gallibacterium infection

Gallibacterium anatis infection can be confirmed only through
agent isolation characterised by phenotypic and genotypic methods.
The difference between the genomospecies 1 and 2 is possible only
through genotypic methods due to the phenotypic heterogeneity
among strains [12]. Presently the best way to identify the
Gallibacterium is its phenotypic (Table 1) characterisation [12] or with
GANB50, a G. anatis specific probeat position between 850-867 of 16S
rRNA [93]. A number of genotypic methods have been established for
identification of Gallibacterium [12,18,49]. The specificity of these
methods, however, remains to be investigated [11]. Gallibacterium has
a relatively short internal transcribed 16S to 23S rRNA gene sequences
compared to other members of Pasteurellaceae, based on the
information the Gallibacterium specific PCR [18] targeting on 16s
rRNA sequence are designed [94]. These Specific ITS-PCR able to
amplifies selectively Gallibacterium DNA and generating short
fragments compared to other members of Pasteurellaceae [95-97].
Primers chosen with specificity for G. anatis are 1133fgal (5'-
TATTCTTTGTTACCARCGG-3") and 114r (5°-
GGTTTCCCCATTCGG-3") [18,98]. Besides this, AFLP typing
method and pulsed-field gel electrophoresis are found to be useful for
distinguishing between closely related G. anatis clones, thus enabling
recognition of specific pathogenic clonal lineages [99-101].

Rapid and specific identification of individual bacterial cells can be
achieved by the fluorescent in situ hybridization technique (FISH),
based on fluorescent labelled oligonucleotides complementary to
bacterial 16S rRNA. This method has advantages over the traditional
culture based methods due to its ability to identify live/intact cells as
well as non-cultivable organisms [49]. Rapid and accurate
identification of related organism can be made along with G. anatis in
human being with help of gene identified like soda gene [102].
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Serological studies also have been found to be helpful in detection of
G. anatis specific antibodies in infected tested sera by latex

agglutination test and enzyme-linked immunosorbent assay (ELISA)
[41].

Characteristics G. anatis biovar| G. anatis G. genomospecies 1 G. genomospecies 2 G. genomospecies 3

haemolytica biovar

anatis

B-Haemolysis + - + + .
Production of acid from:
(-) D- Arabinose (+) - +) D D (+/-)
(+) L- Arabinose - - D D D (+/-)
Mannitol + D D
m-Inositol D D - D
() D- Sorbitol D D - - D (+/-)
() L- Fucose (+) - +/(+) D D (+/-)
Maltose D - + +
Trehalose D + + D -
Dextrin D - +/(+) + -

Table 1: Phenotypic characters of Gallibacterium species [12]. Note: Characters are scored as: +, > 90% of strains positive within 1-2 days; (+), =
90% of strains positive within 3-14 days; -, <10% of strains positive within 14 days; d, 11-89% of strains positive, D, doubt (+/-) variation from

strain to strain.

Prevention and control of G. anatisinfection

A pan-genomic reverse vaccinology (RV) approach has been
applied to identify novel and potentially broadly protective
immunogens from G. anatis [84,103-105]. Screening approaches of
reverse vaccinology have been applied to identify potential
immunogens for 71 proteins in which only one protein contain
immunization properties [106]. FIfA and GtxA-N have potential to
induce a protective immunity in the homologous strain of G. anatis
[83]. Although, some commercial vaccine are available for more
prevalent three biovar [40] but there is no potential vaccine globally
present in the market to control G. anatis infection and still protection
under field condition remains to be investigated against commercial
vaccine [40]. Only antimicrobial chemotherapy is the available method
for containment of the disease caused by G. anatis, however, it is also
proven that G. anatis rapidly acquires resistance [40]. Besides, general
hygienic measures can be taken in the way similar to control of other
contagious diseases in poultry farms.

Antimicrobial drug resistance in Gallibaterium

Emergence of antimicrobial resistance has been observed among
several organisms belonging to the Pasteurellaceae family [5,106]
including G. anatis isolates. Though the infection of Gallibacterium is
treatable with antibiotics, the frequency of treatment failure of
Gallibacterium seems to be a recurrent problem [107,108]. Resistance
in chicken origin isolates of Gallibacterium is documented to
novobiocin, tylosin, clindamycin, spectinomycin, tetracycline
antimicrobials and penicillin [20-26,52,109]. In contrast, Berge et al.
reported rarity of tetracycline resistance in G. anatis of sheep and goat
origin [27].

Conclusions

Gallibacterium anatis especially biovar haemolytica has emerged as
an important pathogen of broilers and layers in several countries.
However, in lack of elaborate scientific understanding of the pathogen
and vaccine(s), efforts to control outbreaks and prevent the disease is a
big challenge for poultry scientists and microbiologists.
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