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Abstract

Abstract

Campylobacterspp. are a common source of food contamination, especialtypoultry
products. To reduce the level otampylobacteiosis occurrence different intervention
strategies atpoultry farms and processing plast(among them the application of
disinfectants)have been proposedlhe use of disinfectants camly beofficially approved
following arisk assessmentThis study set out to investigate a possible adaptation of
campylobactes to disinfectants recognised as safe for poultry decontaminatladic acid
(LA), citric acid (CAg¢idified sodium chlorite (ASCémd trisodium phosphate (TSPh)

Fromaninitial pool ofseventeencampylobactes, six of them were chosen for adaptation
studies to disinfectants, aftegerotypic and phenotypic screening. jejuni, following
continuousculture in the presence ofradual incrementalconcentrationsof disinfectant,
showed an ability to grow up to 8fold above the initial MIC value when ASChwas
examinedand up to 2fold when LA andCAwere examined Chemostat derive strains
adapted to CA and ASCh were Isgsceptibleto supraMIC concentratiors upon repeated
exposure to the disinfectantswhile a chemostat derivd strain adapted to LAshowed
increased susceptibilityo LA at supraMIC concentrationIn the case of TSPhJthough
Campylobactefailed to grow atthe MIC value inthe chemostatculture, strains obtained

wereless susceptibleo TSPhhan their WT.

TSPh and CA challenged strains revealed overexpression of all virulence genesaaified (
cmeA cdtB flgS while ASCh challenged strairevealed oveexpression otiaBonly. In tre
case of strains challenged with LA no significant changes in gene expressgarbserved.
The study on proteome changes showed tlaimajority of the proteins were deon-
regulated with an increase ithe disinfectant concentrationsThe changes improtein
expressionindicated anoxidative stresglefence responséndicating an overlap between

the acid and oxidative stress response mechasism
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General introduction Chapter 1

1.1. CAMPYLOBACTERPOVERVIEW

The first report ofCampylobacterdetection dates from 1886, when Theodor Escherich
observed organissiresemblingCampylobacteih y OKA f RNB y QRark,52002)2 f &l Y
Originally, Campylobacterwas assigned to thé/ibrio genus due to its morphological

similarity to Vibrioand was named a¥ibrio fetus Advanced studies on vibrios associated

with enteric diseases allowed two different types of bactdnabe distinguishedOne of

them wasVibrio fetusand the second one was found to be thermophilic in nature. In
addition, this thermophilic microorganism revealatifferent G+C content to that of
Vibriospp. and lack of ability to utilize suggdMoore et al., 2005) Thesdindings led tahe

creation a new genusCampylobactein 19630 L&G& ylFYS Ay DNBS] VYSI
6aO0lF YLRT 2¢ /iwiStedy 3 RO dzNid DR S NKetley, 3395)GampylBbBcter
wasisolatedthe first timein patients with diarrhoea in Belgiunm 1972 (Altekruseet al,,

1999)

1.1.1. Physiology

Campylobacterspp. are Gramnegative, spiral flagellated bacterigParkhillet al., 2000)
belonging to the class of epsilgmoteobacteria(Okoliet al., 2007) Theiraverage width is
between 0.20.9>Y | YR f Sy 3 (icB.0>ov§HiumpSréy¢t aln 2087) They are
very fastidiousbacteriag that require microaerophilic conditions (10% 3% Q and 85%
N.) and temperature between 3@ £ 42¢ for theirin vitrogrowth (Gayor et al,, 2005) As

a source of carbon and ener@ampylobactespp. useamino acidsuchas: serine, proline,
glutamic acidandaspartic acidTheseasaccharolytic bacteria catsouse fermentatian by
products from the gut andolwv molecular organic acids as a source of caraod energy
(Jackson et al, 2009) Among Campylobacter species assigned to the genus

Campylobacteaaceae (http://www.uniprot.org/taxonomy/194), the most common include

C. jejuni subsp. jejuni, C. coli C. fetus, C. upsaliensjsC. hyointestinalisC. lari and

C.jejunisubsp.doyley

1.1.2. Sources ofampylobacteinfections and disease

At present,Campylobacteispp. are the most common bacterial cause of gastroenteritis
worldwide. In Ireland, 1,808 cases chmpylobacteiosis were reported to the Health

Protection Surveillance Cent(elPSC) in 2009, while a total of 198,252 confirmed cases of

2
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campylobacteiosiswere reported in European UnigieU)that year (FSAI, 2011)n 2011,
2,440 campylobacteriosis notifications were reported to Irish HPSC correspondimga
crude incidence rate of 52/800,000 population. This represents an increase oR%5.
compared to 201@Annual Report 2011. Health Protection Surveillance Ce2ife) In the
EU, diseases caused by this pathogezmain the most reported zoonotic infection in
humans since 200EFSA, 2012)

Likewise Campylobacterspecies are the third leading cause of domestically acquired
bacterial foodborne illness in the United States, with an estimated 845,024 cases occurring

annually(FDA, 2012)

The most common mode o€ampylobactertransmission to humans ishrough the
consumption of improperly prepared food, particularundercooked poultry producter
raw contaminated dely products soh as unpasteured milk (MacKicharet al., 2004) It
has also been reported that consumption of contaminated beef, pork, lanaater and
seafood are sourceof infection (Ge, 2002; Konkeét al, 1998) The transmission of
thermophilicCampylobacteto a host mightalsooccur bydirect contactwith infected pets
suffering from diarrhoedAlter & Scherer, 2006L. jejuni and C. coliare the main species
infecting humansbut C. lariand C. upsaliensialso contribute to human infections t@
minor degree(Alter & Scherer, 2006XC. jejuni hasa low infection dose at 50800 cells
(Jacksonet al., 2009) and symptoms ofdiseasecaused by this bactarm vary from
asymptomatic to severe enteis: abdominal cramping, fever ardoody diarrhoeaAllos,
2001; Blaseert al., 1982) The symptoms are usually skihiting (Sirhgan et.al, 2011)but
can occasionally lead to seriossquel@ ilinesses li8 NX I OG0 A @S | ydrdoeRA G A a
(include the following triad of symptomsan inflammatory arthritis of large joints,
inflammation of the eyes in the form ofonjunctivitis or uveitls Hemolytc Uremic
Syndrome(a disease characterized thaemolytic anaemiacaused by destruction of red
blood cells,acute kidney failureand a lowplatelet count) and GuillairBarré Syndrome
(adisease affecting the peripherakrvous system(FDA, 2012; Nachamkat al., 2008)
Meningitis andurinary tract infection maylsooccur as a result dfampylobacteimfection
(Nacramkin, 2002; Pickettl,996)
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1.1.3. Genomediversity between Campylobactejejuniisolates

The first complete genome sequence fdCampylobacterjejuni NCTC11168a(clinical
isolate) tas been determined at 1,641,481 base pairs which was predicted to encode 1,654
proteins (Parkhillet al., 2000) The genome of this bactarim is characterisd by low G+C
content (30.6%).The genome sequencing for anothehrée isolates, g&e a better
understanding about genome diversity amo@gmpylobactesstrains. Two of them were
isolated from humas and they areC.jejuni 81-176 andC.jejuni CG8486, while the third
oneis C.jejuniRM1221 and wassolated froma chicken carcass. Analysis and comparison
of these genomes showed thdt. jejuni NCTC11168 possesses 8 unique genes, strain
C.jejuni 81-176 possesses 35 unique genes, while 38 have been determinEdjejuni
CG8486. In strairC. jejuni RM1221 four large elements calledampylobacterjejuni
integrated elements CJIEshave been isolatedParkeret al., 2006) CJIE1 is characterised
as a CampylobacteMu-like phage, while CJIE2 and CJE probably responsible for
encoding phage related endonucleases, methylases or repressors. CJIE3 probably is an
integrated plasmid. Theselementswere not found inthe C. jejuni NCTC11168 strain.
Parker (2006) analysed 67C. jejuni isolates in terms of the presence of CJIEs. Results
showed that in 55% of strains tested at least one of the GalHfsentsas inC. jejuni

RM1221was observed.

In eachof the C. jejuni strains, loci with highly diverse genetic materials were found.
Between two conserved geneatamely, cj0564 (integral membrane proteinand ¢j0570
(ATP/GTP binding protein) @.jejuni 81-176, fiveopen reading frames (ORFs) encaypa
putative protein of unknown function were determined. In addition, strai@sjejuni
NCTC11168 ardjejuniRM1221 showethe presence of other ORFs, unique to each of the
isolates (Hofreuter et al., 2006). Two inserts were also found in strah jejuni 81-176
betweencjl687and cj1688(geneencoding putative efflux protein anprotein translocase
subunit SecY in reference strain NCTC1 li&&ectively. The functiors of these two ORFs
are probablyto encodea permease of the majdacilitator superfamily while the second
one possiblyencodes peptidasaamedcju38 Although, these kinds of insertions were not
observed inC.jejuniNCTC11168 an@.jejuni RM1221 strains, they were present in some
other strains tested by Hofreuteet al. (2006) Besides the presence of highly diverse
genetic material between genes, evidence of hypervariable reggaiso reportedDorrell

et al,, 2001) Theplasticity regions irC.jejuni involve genes coihg flagellin, cagule and

lipoologosaccharide
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In the highly virulentC.jejuni 81-167 clinical isolategwo plasmids pVir (37.4 kb) and pTet
(45.2 kb) were found, whilthese DNA molecules were absentC.jejuniNCTC11168 and

C. jejuni RM1221. The mesence of pVir inC. jejuni 81-167 may indicate its role in
Campylobactepathogenidty (Foutset al., 2005; Hofreuteret al.,, 2006)as pVir encodes
several genes of type IV secretion system (T4SS). This secretion system has been found to
be involval in DNAexport, bacterial conjugation and protein secretigBatcheloret al.
2004) However, the exact role of pVir i@ampylobacterpathogenicity hasyet to be
determined The other plasmid that was foundtime C.jejuni81-167 strain was pTet, which
confers tetracycline raistance. Sequencing of the pTet showed that majority of the genes
present in this plasmid are involved in iteplication and conjugative transfeiSome
sequences, similar to the T4SS Riucellaspecies, a pathogen causitgucellosis and
Actinobacillusactinomycetemcomitansa periodontal pathogen, have also been reported
(Batcheloret al., 2004) However,the discovery of 30 ORFs of unknown function suggest
the possible existence of more genes related to pathogenigistcheloret al., 2004)
Genome heterogeneity and plasticity amo@ampylobactefjejuni isolates makes them

interesting and at the same time challenging organisms to work with.

1.2. CAMPYLOBACTBRTHOGENICITY

Advanced researchin understandng the molecular mechanisms of host invasiday
Campylobactespp. in orderto combatthe diseases caused by this pathoglave been
carriedout. Thechallenge to achieve this increasediue to genotypic diversitypetween
Campylobactespp. isolategHanninenet al., 1999;Wassenaaget al., 1998) Many studies
have shown this diversity amondgjfferent strairs using PulseField Gel Electrophoresis,
PFGE, a commonly usegilyg method(Canardaet al., 2000; Fitzgeralét al,, 2001; Han
etal.z HnnTTet AQP0FI: WB®enet al, 1995) Although the mechanism of
Campylobactespp. pathogenicityis notyet fully understood,the major virulence factors
including the flagell@xpressionhost cell adhesion and invasiand toxin productiorhave

beenimplicated ininfluendng Campylobactepathogenicity.

1.2.1. Flagellar and secretion system

Flagella is a major motility factor in bacteria. Gampylobacterspp. it also plays an
important function in pathogenicity. It has been identifiadbeing involved in the adhesion

and invasion of the host epithelial ce(fSarrilloet al.,, 2004) A study by Konkelt al. (2004)

5
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indicates also a possible importance of flagellgiatein secretioncalled Campylobacter
invasion antigen (CiaBlVhile the mechanisnof C.jejunimediated enteritis is proposed to
be multifunctional, flagella expression and function is believed to play an important role in

the ability ofC.jejunito colonise the intestinal tract of animals.

The complex mdwnism of flagella expression Campylobactespp. is well describedror
flagella to be expressed, integration wfo systens: the flagellarType Il Secretion System
(T3Sy the FIgSR twoomponent system, andene flhF are required (Gilbreath et al,,
2011) The gnesflhA, fIhB, fliP andfliR (flagellar biosynthetic proteinsgre responsibldor
encodingthe T3SS system, which activatetveo-component signal transduction system
FIgSR (Figure 1.1.). Phosphorylation of the Flg&dellar sensory histidine kinas®) FIgR
(a sgnaklransduction regulatory protein) withthe presence ofFIhF protein (flagella
associated GTFBinding protein resultsin the activationof regulon” **alsoknown asRpoN
(Dastiet al.,, 2010; Gilbrath et al., 2011; Malikkaleet al., 2007) All these genesdncluding
rpoN, belong to the class 1 genes. As a result®4fctivation, expression of class 2 genes
(flagellar rod, ring, and hook proteiis | 37 decur. Following activation of the’® regulon
(also known agliA), the expression of class 3 genghich indude flagellin protein, RA

take placgGilbreathet al., 2011)
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Filament ’ Csp

Hook (

Flio FliQ
FliP FliR

Class 1 Class 2 Class 3
° @ @ — @ —» Maijor flagellin
Filament

FIhA, B/FliH, I, 0,Q,P,R

®—' @ FlgM secretion

Figure1.1. Flagella expression system and type lll secretion syste@ampylobactespp. Three
clasgsof geneswere distinguishedFirst clasg; representd inblack second class greenandthird
class- maroon. Silver represents outside the flagellar transcriptional hierarct8ecretion of Cia
protein (Campylobacteinvasion antigen), a subset of th@ampylobactesecreted proteis (Csp)
that required maximal invasion, occurs via flagellufAdapted from Gilbreath et al,, 2011,
Rajagopalat al., 2007 Larsoret al.,, 2008)

One of the protein secretiosystens through thebacterialinner and outermembranes in

Campylobactespp.requiresT3SS. This flagellar T3SS systesnsgentialfor the secretion of
Campylobacterinvasion antigen(CidB) proteins, a subset ofCampylobactersecreted
proteins (Csp). Cia proteins have been found to @ajgnificant role in invasion of thesost
intestine (Konkelet al., 2004) It has been reported that in th€ampylobacteispp. ciaB
mutant strains the invasion of epithelial cells by bacteria was signifigaldwer, when

compara with Campylobacterstrains where CiaB secretion was prese(ionkelet al.,

7
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2004) A significant reduction in virulencef C. jejuni flaA and flaB mutants was also
observed(Yaoet al, 1994) This indicates that the secretion of CiaB protein is possible in
either the presenceof activeciaBgene and flagellar geneslowever, there is still some
controversy about the secretion function of flagella, as the study by Neivid. (2010)
reported that no measurable differencaes host invasiorbetween C. jejuni 81-176 wild
type and its ciaB deficient mutant were detected. The authors suggest that these

differences in results might bdue to variousstrains or protocts used in thestudies.

1.2.2. Adherence and invasion

Following adhesion to epithelial cejlCampylobacteispp invade the host.The flagellar
apparatusis involved for both these processe®irect connection of flagellar apparatus and
epithelial cell adherence was observieda studyby McSweegan and Walkar 1986 They
found a significant reduction o€ampylobactejejuni aflagellated straingn their adhesion

to human epithelial cells]NT407 (McSweegan & Walker, 1986)he use ofhuman
intestinal epithelial (INT407) and human colon (Gareell linesallows forthe in vitro
study onCampylobater adherence.As a resulof this, the activation oforoteins such as
CadF- fibronectinbinding protein(Konkelet al, 1997) CapA an autotranspoter protein
(Ashgaret al., 2007) PEB1 a major cellbinding factor(Pei & Blaser, 1993nd JIpA a
surfaceexposed lipoproteir{Jinet al,, 2001)during adhesion to the cellsvere found CadF
is a 37%kDa outer membrane protein that binds fibronectin and is so far the best
characterised adhesion protein. The binding process of bacterits toost is via the last
four amino acids of the Cé&d phenyloalanine, arginine, leucine and serine. CadF is an
essential factor of both human and poultry adhesi@QampylobactecadFmutants showed

a reduction in INT407 cedlhvasion(Monteville, 2003) Besides this, a mutation &nother
Campylobactergene involved in adhesiorgapA an autotranspoter protein, showea
reduced ability inthe invasion of Coc@ cells and lek of colonisation in chicken{g&shgar
etal.,, 2007) Another proteinthat has also been found to play an important role in
epithelial adhesion and invasios PEB1. PEBsailatesbetween 2728 kDa proteinlt has
been reported thatCampylobactejejuni PEB1 mutantshoweda 50 to100-fold decrease
of adherence and Xold decrease of invasion of HelLa céPeiet al, 1998) A 43kDa
Campylobacterjejuni surfaceexposed lipoprotein (JIpA) isalso involved in adherence.
Jinetal. (2001)showed that JIpA protein binds to H&x(HelLa derivative) epitheliaells

concluding that this protein might play a role@ampylobacteadherence.
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Adherence ofCampylobacterto the epithelial cells of the host is the first stdp its
invasion. However, among bacteria crossing the monolayetkeointestinal track, on} a
minority are able to invade the ho¢Dastiet al, 2010) Following bacterial attachment to
the cells protein secretion occws. These proteins are named CiaB are described in
Chapterl in Section 1.2.1. The secretion of CiaB ighgdlagella and ay mutation in this

apparatus causedecreased invasion ihe host(Konkelet al., 2004)

Beside the proteins that have been described above, the 37 kb pVir plasmidleabeen

found to be significant for bacterial host invasi@aconet al. (2002)identified homologues
of type IV secretion ort. jejuni 81-176 pVir plasmidC. jejuni 81-176 in the presence of
plasmid showed invasion of INT407 cells, while mutation resulted in a 2 fold1

reduction in INT407 cell invasion.

1.2.3. Toxinproduction

Campylobacteigenome stuéks indicate that bacterum can produce a variety of toxins
These includea 70-kDa cytotoxina shigalike toxin,a haemolytic cytotoxinsa hepatotoxin

and cytolethal distending toxin, but their role in pathogendsistill contentiougParkhill
etal., 2000; Wassenaar, 1997} seems that only the CDT (cytolethal distending toxin) of
C.jejuniis importantin the affecting host cell cycle. This muigubunit toxinrequires the
activity of three genes,cdtA, cdtB cdtC (Whitehouseet al., 1998) Each subunit (with
molecular weights of about 30, 29 and 21 kDa, respectively) is required for cytotoxin
activity butcdtBas the activesubunit is thought to induce host cell apoptogiortensen

et al, 2011; Younget al., 2007) Its role is involved with blockage of th@1/S orG2/M
transition phase of the cell cycl@astiet al, 2010; Younget al., 2007) In HelLa cells,
Chnese hamstevary (CHO) celland Cace? cells CdB toxin causs cell deformation.
These cellbecane lengthened oswollen.Contact of cells with the toxin may cause their
death (Whitehouse et al, 1998) When reacling the nucleus CdtB works like the
deoxyribonuclease (DNasel) enzyr(ieasti et al, 2010) Subunits CdtA and CdtC are
responsible for delivery of CdtB subunit into the cell. They have been found to have
homologyto the B chain othe ricin toxin(Youngetal., 2007) This Bchain of ricn has
cytotoxic activity and is responsible fothe transport of the ricin into the cellLeeet al.
(2003)observed that CdtA and CdtC bind to HeLa cells, while this effect was not observed in
subunit CdtB. bfortunately, clear functions of CdtA and CdtC still have talétermined

Eyioret al. (1999)showed that among 105 isolates from 91 fresh chicken carcasses, 94%

9
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contained active CDT and highlighted the potential problem that may #mse cross
contamination or consumption of undercooked meat. However, the production of CDT
toxins was found in invasive as well as in Aamasive straingMdiller et al. 2006) It has
been suggested that the majority Gfampylobactestrainsproduce CDT tox#)although its
expression may be varied among different spe¢@assenaar, 1997Yhis indicates that

the production of CDT during colonization and invasion is not yetiuweiivn.

1.3. CAMPYLOBACTEROBAL RESPONSE MEOBMS TO STRESS

Unlike other foodborne pathogensCampylobactespp. are apparently fragile organism
that are unable to multiply outside the animal host and are highly susceptible to a number
of environmental conditionsThis fastidious organism is also charactedsby the lack of
most common stress response factors such a RpopSjlobal stationary phasestress
response factor or SoxRSoxidative stress response fact@iPark, 2002)In spite of this,
these bacterim can suriwve many different environmental stress conditions such as those
encountered during meat processing. This implies th&t. jejuni have developed
mechanisms for the survivah adverse conditions that are not commonly found in other
enteric bacteriasuch asSalmonellaand Shigelh (Daviset al., 1996) Many studies have
shown genotypical diversity and genomic instability @f jejuni (Dorrell et al, 2001;
Hanninenet al., 1999; Hofreuteret al., 2006; Polyet al., 2007; Wassenaagt al, 1998)
Possiblygenetic instabilityin C. jejuni makes themcapable of genomenodification and
gives the bacteriathe ability to survive in a widerange of environmentg§Manninget al.,
2001) Although a specific response mechanism has not besgscribed a few stress

survival mechanisms have bemported.

1.3.1. Viable but nonculturable state

Campylobactehas been found to posse$wo morphologes; culturable spiral forme and
non-culturable coccoid forms. The viable but romturable state (VBNCyvas first
described by Rollins ar@olwellin 1986 Bacteria can entethis VBNC state in response to
exposure to differentenvironmental stressrs suchas nutrient starvation, osmotic shock,
temperature or pH changgdacksoret al., 2009) Enteringa VBNC state causereduction
in metabdic activity andgene expressignand a modification of cell wall structures
(Nachamkinet al., 2008) Bacteria mayemainin this VBNC statend surviveuntil more

favourable environmental conditions haveeturned. The study by Rollins and Colwell

10
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(1986) proposesthat animal passage supparthe transformation from the VBNC to the
culturable state.Lazaroet al. (1999)observed the transformation tthe VBNC state as a
response to cold stress when incubated4s¢ /and at 20 /in PBSIn addition up- and
down-regulation of proteis between culturable and nowulturable cells wamvestigated

in their research but unfortunatly, the authos did not identifythe proteins involvedbut
only gave their molecular ®2. The conversioto the VBNC state was also observed in low
osmolality nutrient media(Reezalet al, 1998) A study by Moran and Upton in 1986,
however, proposed thathe coccoid formof C.jejuniwas a degenerate cell form which is

undergoing cellular degradatidiMoran & Upton, 1986)

1.3.2. Stringent control

Although,Campylobacteis characterisé by the lack of RpoS or SoxE&rk, 2002)it has

been found to possenther stress response factor®ne of them is called stringent control

and it been showm to be regulaied by spoT(Gaynoret al., 2005) This importat stress
response is required for several specific stogssstationary phase survival, growth and
survival under low Cghigh O, antibiotic resistancdrifampicin), transmission(adherence

and invasion epithelial cellshdwasthe first Campylobactegene shown to be involved in
longerterm survival in epithelial cell@Gaynoret al, 2005) This global stress response
mechanism, activated by environmental stressors, alters gene expression which results in
an abundance of uncharged tRNA molecules at the ribosomal acceptor site. The lack of
aminoacylated tRNAs dng protein synthesis, resdtin catalysng the synthesis of
alarmone guanosineMyiphosphate 3jihosphate (pppGpp). pppGpp is then hydrolysed to
guanosine tetrgphosphate (ppGpp), which in turn is thought to bind RNA polymerase and
alter gene expressn by affecting promoter specificity, transcription initiation and

elongation(Gaynoret al., 2005; Poole, 2012)

1.3.3. Two-componentsignal transductiorsystens

The twocomponent signal transduction system (TCS$S) stimulugesponse coupling
system,allowing bacteria to adapt to different environmental conditions. TCSTS has been
found in various bacterial species.gdlays a role in regulatindacterialcell processesuch
asosmoregulaion, chenotaxis, sporulabn. In CampylobacteMCSTS has been found to be
important to its pathogenicity (MacKichan et al.,, 2004; Stocket al, 2000) In

Campylobacterthe TCSTS systasiikely to contain genes encoding nine putative response

11
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regulators and six sensor histidine protein kinadearkhillet al., 2000) Sensory histidine
kinases arelocated in the membrane anare responsible for monitoring the environmental
signals andfor autophosphorjation. Folowing autophosphorgtion, the response
regulator is activated by the transfer of the phosphate from the histidine kinase to a
conserved aspartate residue, and in this state the activated response regulator is able to
bind to the promoter region of its target gene#As a result of thischanges ingene
expressionmay occur(MacKichanet al., 2004) TCSTSs are frequently involved in the
co-ordinate expression of virulenegssociated genes in pathogenic bacteria, ensuring that
the genes required for colomation and virulencén a host are expressed specificaityvivo
(Barett & Hoch, 1998)

Besides FIgSR, a tgomponent system that is required folafella expression (see
Sectionl.2.1. of this chapter)two more two-component systemshat hawe an impact on

Campylobactepathogenicity havdeen describedOne istermed RacRS (reduced ability to
colonise)and second one is Cj1228¢1222c. RacRS a temperaturedependent signalling

pathway, required for optimal colonization ofday-old chicks (Brast al., 1999).The RacRS
system can act botlas an activator and represor to regulate gene expressioflRacRS
mutants havebeen foundto havea growth defect at 42°@nd a reduced ability to colonise

the host(Younget al., 2007)

A second twecomponent system irC. jejuni, Cj1223eCj1222c is known as dcdRcS
(diminished capacity to color@sregulator and sensor). Mutants in the DccRS -two
component system, for which an activating signal is unknown, are poor colonizers of chicks
compared with the wild type. The DcE&Regulated genes that have been identified
possessed no known or predicted functions kmutations in this systeniead to chick

colonization defect§Younget al., 2007)

1.3.4. Biofilm formation

As nentioned previously, flagella play an important function in host aallhesion and
invasion Flagella arealso involvedin biofilm formation (Kalmokoffet al., 2006; Merino
etal., 2006) It has beenreported that biofilm formation is a bacterial response to
unfavourable conditios andone of the survival mechaniswithin the gastrointestinal
tract (Svenssoret al., 2009) Biofilms may form on a wide variety of surfaces from living

tissues, medical devices, industrial or potable water system piping to natural aquatic
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systems(Donlan, 2002) The four main phases of the biofilm formation: attachment,
accumulation, maturation and detachment have been distinguished (Figure E@r).
biofilm formation to occur, planktonic cells have to adhere to the surfafiest of all
Attached cellaccumulate tadform multiple layers. At this stage bacteria start to cdlagm
with an extracellular polymeric substance (EPSgonsisting mainly of the
exopolysaccharides. The composition of BRS include nucleic acids, proteins, globular
glycoproteinsand lipids (Donlan, 2002; Gilberet al., 2002) The EPS cover a multicellular
layer of bacteria attached tdhe surface. This layer of matrix protecbacteria from
stressful environmental conditions allig them to be still extant(Kalmokoffet al., 2006)
The rext step of biofilm formation is called maturation. This phase is identifiedhby
creation of a characteristic structure by adherent bacteria. The shape of the biofilm
resemblesstatues or mushrooméPcaeet al.,, 2006)and the bacteria in mature biofilm are
characterised by the lack of flagel@etachment from the biofilm can occur leadingthe
release of planktonicedls in the environment which may then initiate another cycle of

biofilm development.

Free floating
planktonic cells

W%V.L
AIPEES  comen
TR T

Attachment
m Accumulation Maturation
—mia T
b PN

Su

Figure 12. Model of biofilm formation Adapted fromPae et al., 2006

It has been reported thabiofilm formation also haan influence orexpression of proteins.
In the study carried out by Kalmako#t al. (2006)a higher expression of general stress

response proteins (GroEL, GroES), oxidative stress response proteins (Ahp, Txp), adhesion
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proteins (FlaC, Pebl) and proteinvolved in biosynthesis (nucleotide diphosphate kinase,

GKS 7 OKFAY 2F NARO2Ff | OAyYy aeyidkKFrasSs IsyR NAO
this, flagellins proteins (FlaA and FlaB), the filarsssociated protein (FlaG), the putative
hook-assaiated protein (FIgK), the fitaent cap(FliD), two proteins probablgssociated

with the basal body (FIgG2 and FIgG), and the chemotaxis protein CheA were found to be
overexpressed in biofilKalmokoffet al., 2006)

The potective effectassociatedwith biofilm formation on bacterial survival has been
investigated.A study by Joshua andolleagues using a monoculture of C. jejuni, they
reported that cellscan form three distinct biofilms: aggregates, pellicles at the ligyaid
interface and attached to the glagdoshiaet al., 2006) The author compared viable counts
of planktonic cells and aggregate Isadluring the londerm storage in ambient temperature
B0s/ 0 YR | (Y2 asLIKc&akkdOresi§ighge R4\ atlvieBsa/ environnsewas
observed in the aggregate biofiims thatre able to survive for up to 24 days while the
planktonic cells survivednty 12 daysAnother study investigated ugternary ammonia
compounds, peracetic acid, armmixture of peraetic and peroctanoic ackdn terms of
effectiveness in biofilm inactivatiofTrachooet al., 2002) The &#ove compounds could not
sufficientlykill C.jejuniin the biofilm ata concentration 050 ug ml™* and 200ug ml™ for
45 secondsHowever, when chlorine was usedla concentration ob0 ug ml™* and applied
for 45 second complete inactivation of the.jejuni biofilm occurred(Trachocet al., 2002)
Ancather study presented by the same author indicates that biofilm formagoablesthe
longer survivalof C. jejuni at 12¢ / | y6 R(Trachmo, 2003) These data support the
hypothesisthat biofilm can protect bacteria from unfavourable environmental conditions
(Trachoo, 2003)

1.4. CAMPYLOBACTERPECIFIGURVIVALMECHANISMS TO DIFEER STRESS
CONDITIONS

Although, Campylobactethas been reported to be sensitive to different environmental
conditions,it neverthelesshasthe ability to dynamically adaptral survive environmental
stressors(McDougadl et al., 1998) To date, the different stress mechanisms studied on
Campylobactespp. include esponse to nutrient starvatiofGaynoret al., 2005) osmotic

shock(Doyle & Roman, 1982; Phongsisgtyal., 2007) oxdative stresqAtacket al.,, 2008;
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Hwanget al,, 2011) thermal stresgBrgrdsted et al. 2005; Nachamkiret al., 2008; Stintzi,
2003)and pH stresg§Chaveeraclet al., 2003; Murphyet al., 2003b; Ricke,dD3)

1.4.1. Response mechanisms to temperature stress

The optimal growth of thermophilicC. jejuniis between 3% / | ¥R >Xnk YR NBLX A O
occurs within a narrow temperature range of approximatelys32 47¢ / ® |  F&¢ RS 3N
below or above that range causeavery significantdecrease irbacterialgrowth rate to

zero (Alter & Scherer2006) Campylobactedack the cold shock response mechanism

related with the expression of a cold shock protei@sp(Alter & Scherer, 2006 common

response mechanism in other pathogens sugdkteria, EscherichiéBayleset al., 1996;
Goldsteinetal., 1990; Hébraud & Guzzo, 200®jowever,it can survive storage for long

time periods at 4 [(Chanet al,, 2001) In a study by Laza(@999) Campylobactejejuni,

following incubationremained alivefor up to 7 months at 4 by transforming toa cocoid

form representing a transition to wiable but nonculturable stage

Hevation of the temperature from 37% /  (g2/ nNdS a adivdidh Rf the Hfeat shock
proteins (HSRB) suchasClpP, HrcA, HtrA/DegP and chaperone praeBroESL, DnakK, GrpE,
DnaJ, ClpBNachamkinet al,, 2008; Parkhilet al, 2000; Stintzi, 2003)Chaperons are
responsible for correct folding of protesrand proteolysis of misfolded oséStintzi, 2003;
VanVliet & Ketley, 2001)Chaperonegoroteins have an important function not only during
the response to temperature changes but also in the osse to other stresars. According

a study by Bendsted et. al (2005) HtrA, a periplasmic protease, is required for growth
above 44/ ® 2 2NJ LINB & Sy ((B6B) illaskrates| approyitdtely 20%f of A y
significant upor downregulation of theC. jejuni genes afte transferring the culture
from37¢ / g2/ nTRINIGenes encoding ribosomal proteins weretlie majority

of down-regulatedgenes,while genes encoding chaperonesdaheat shock proteinsere
up-regulated after the temperature change. It has been sugegsly the author that a
short growth arrestupon temperature stress, allowtke bacteria to reshuffle their energy
toward survival andadapt at the new growth temperture. Murphy et al. (20033
investigating the survival @@ampylobacteat 42¢ / Ay  Bd@raeiunts (s(Redium
that previously contained cellgshe mediumwasheatinactivated at 5% ), found a 10€fold
increase inCampylobactesurvival inthe spentmedium. The authorssuggesthat this may

be due tothe presence of protective extracellular compoundstlie used medium.This

phenomenon was strain specific.
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1.4.2. Response mechanisms tesmotic stress

Campylobacters more sensitive to hypessmotic conditios in comparisorto other food
borne pathogengAlter & Scherer, 2006 Minor differences in cell turgor might result in
inhibition of physiological processeshich affect the celltransforminginto a VBNC state
(Jacksoret al., 2009) As a response to hypesmotic stress/arious bacteria may start to
activate the transport system to uptake the compatible ldes such as
proline,glycine betaine, K (Jacksonet al, 2009) Phongsisayand coeworkers (2007)
highlighied up-regulation of theputative lipid A biosynthesisf lauroyl acetylotransferase
gene [trB) under aid, heat,oxidative and osmotic stressas C. jejuni. In addition, in
C.jejuni htrB mutants inhibition of growth under osmoticstress conditions was observed,
indicaing its role inC.jejunisurvival Cjejunigrowth at 42¢ / th&a NS & Sy O%Bwh2 F
NaCl, decreaseits culturability (Jacksonet al, 2009) Decreasing the incubation
temperature from 2%/ @2 6 & F2 dzyRjejunidurviSa) fisra IgnQes time
period (from 2days to 2 weeksh the presenceof 4.3%w/v NaCl(Doyle & Roman, 1982)
In contrastto hyperosmotic stess, little is known about.jejuni hypo-osmotic stress. It is
known that generally Grarmegative bacterigproduce oligosaccharidess a response to
hypo-osmotic stress(Jacksonet al, 2009) However, C. jejuni can survive in this

environment foralong period(Nachamkiret al., 2008)

1.4.3. Response mechanisms toimative stress

C.jejunias a microaerophilic organismgquires an environment of approximately 10% £0
5% Q and 85% Bl for optimal growth. During host invasiomampylobactes are most
exposed to oxygen stress addmagingmolecules caused by reactive oxygenperoxide
anion (Q), hydrogen peroxide @®,) and hydroxyl radical (HO-). Howev€ampylobacter
posses adefence system that involsgrotein expressiorsuchas superoxide dismutase
(SodB), catalase (KatA), alkyl hydroperoxide reductase (AhpC) andimi#y protein
from starved cells (Dps) to ow#ralise reactive oxygefHwanget al.,, 2011) The siperoxide
dismutase genespdB breals down the superoxide anions to,& and dioxygenthe gene
coding catalasek@tA) converts HO, to H,O and @, alkyl hydroperoxide pQ reducesthe
alkyl hydroperoxides to alcohol (while being oxidiseself) and repairsdlamaged molecules

that have been peroxidise@urphyet al.,, 2006;VanVliet & Ketley, 2001)
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Bacterioferritin comigratory protein(Bcp)and thiol peroxidise (Tpx)are other common
peroxiredoxins inC. jejuni (Atacket al., 2008). Bcp, has been suggested to be a general
peroxide reductase, whilst Tpixs consideredto be a specific hydrogen peroxide
detoxification enzymdAtacket al., 2008) A studyby Olczak2003)showed thattpx and
ahpCinfluencethe pathogenicity ofHelicobacter pyloriThe tpx mutant had reduced ability
to colonise, while the ahpC mutants failed to colonize the host mice. The activation of AhpC
protein is regulated by irofPark, 2002Van Vliet & Ketley, 2001put in Campylobacter
spp., in contrast to other Gramegative bacteria, oxidative stress and iron acquisition are
regulated separately. The oxidative stress is regulatedhieyperoxide stress regulator
(PerR, whilst iron accumuligon is regulatedby ferric uptake regulation proteinfur
(VanVliet et al,, 2002) Another protein involved in oxidative stress protectiorCi®012c,
ahomolog of rubrerythrins, but its function and regulation has not been ideatfi
(VanVlietet al.,, 2002)

It has alsdeen reported thaitCampylobacteoxidative stress regulatqiCosR) is involved in
negative regulation of SodB, Dps and positivegulation of AhpC. ProbablyCosR binds
specificallyto the promoter region of the oxidative stress genes and regsldteir

expression{Hwanget al., 2011)

1.4.4. Response mechanisms to nutrient starvation

Campylobacterts a capnophile(requiring C@for growth) andan asaccharolytic (unable to
metabolise sugars for carbon due to the absence of thhésphofructokinase) organism.
Campylobactespp. uses amino acidas well agermenting by-products from the gut such
as: small organic acids and metabolic intermediates a carbon sourcéJacksoret al,,
2009) Amino acids such dsserine and taspartateare the preferredcarbon sourcé€lLeach
et al,, 1997) The nutrient starvation might be a resuf limited nutrient concentrabn in
the environment orgrowth media and results indxterial entry into the stationary phase
(Lange & HenggAronis, 1991)However,Campylobacteare characterised by the lack of
the global stationary phase stress response factor Rao®mmon stress response factor
in other bacteria. This suggests the existence of other response mechanisms to starvation
stressin CampylobacterAt a carbon limiting nutrient stres€. jejuni uses a stringent
responsesystemthat modulates gene expresen and allocates resources from growth and

division to amino acid synthedqi§aynoret al., 2005)
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1.4.5. Response mechanisms tlisinfectantstress: &id stress

Many studieshave beencarried out investigatinghe responseof Campylobacteto acid
shockin an attempt to understandheir survival and colonisatioin the host intestine
(Chaveeraclet al., 2003; Murphyet al., 2003a; Ricke, 2003)he atimicrobialmechanisns
of disinfectantaction arenot fully understood due taheir complex nature A few possible
mechanisms have been described by Ricke in hiswe{@®03) One of the traditionally
assumedmodes of action indicatethat organic acid irundissociated forms can easily
penetrate the bacterial cell lipid membrane. However, in the neutral pH of the cytoplasm,
acids dissociate into anions and protofi® maintain the ptimum pH forC.jejuni growth
between 6.57.5, the presenceof higher levé of protonsare removed by the export of
excess protonsvia the membrane(Chaveerachet al, 2003) This mechanism requires
adenosine triphosphate (ATP) that maguse areduction of cellular energy.Anaher
strategyindicates the existence of mechanissrthat inhibit the influx of protons through
the cell by inner membrane phospholipid modificati@®eid et al., 2008). As a resultthe
electron transpat is impossible and ATP production is reducétbre recent stuies

indicate more specific mechanisms of pH stress response(s).

The frst report of an adaptive tolerance response (ATR)Gnjejuni was described by
Murphy et al. (2003b) Early stationary phase cells adapted at pH 5.5 showed #ol®0
increase in tolerance to pH 4.5 in comparison with sunafalnadapted cellsTheir study
demonstratedthat C.jejuni has the ability not only to induce an ATR to acid but &bsa
combination ofaerobicand acidc conditions. The 10A@000fold increase in survival as a
result of the ATR was observed. ActivationAdfR in response to acid stressms also
observed ina study carried out bia et.al (2008) ATR allowed.jejunito survive pH 4.5
and increasd its ablity to withstand further acid challenge for over 26@n in comparison
to nonstressed cells. It has been reported that ATR to acid stress induyeezhulation of
general stress proteins: DnaK, GrqElurphy et al., 2006) A study by Reicet al. (2008a)
indicatesfurther up-regulation ofgenessuchasclpB grpE(encoding heat shock proteins)

and chaperones protein€oESas a response to acid stress.

Multidrug efflux pump, CmeABC, that belongs to the resistaradulationcell division
(RND) superfamilfPumbwe & Piddock, 2002has been suggestetd have an impact in
Campylobacteresponseto pH stress. Expression aheABGs related with the expression

of three genexmeA, cmeB, cme@here CmeA showsignificant similarities to membrane
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fusion proteins, CmeBshows significant sequence homology to inner membrane
transporters and CmeC was found to be similar to the outer membrane praeimnst al.,

2002) cmeABC plays an important role not only in intrinsic resistance to antibiotics
fluoroquinolones and macrolideCaglieroet al.,, 2006)but also confers resistance to bile
salts or de¢rgents(Martinezet al., 2009) It is believed that overexpress of efflux pump
could be a first step of bacteria becoming fully resist@iddock, 2006)Investigating the
cmeAB@ene expression may give better understanding not only to pH stress response but

also Campylobater pathogenicity.

The studies oreffects of different types of stressors othe Campylobacterresponse
mechanism and acquiregksistance play an importamble especially when a new method
of decontamination in the farms or processing plants would likebe used Applied
methods have to be saffor humans andhe environment,and should not contribute to

producing more virulent strains.

1.5. CAMPYLOBACTEBONTROLSTRATEGIESON FARMS ANDIN PROCESSING
PLANTS

Poultry and poultry products are considered to the main source o€ampylobactefood
poisoning Different intervention strategies have been applied both in theultry farms
and in the processing planis order to reduce the contamination aaed by this pathogen
and thereby reduce the level chmpylobacteriosis case$he main purpose of applyitige
decantamination methods in the farnis to prevent bacterial spreadinthrough the farm
and between different farms, toeduce the level obacterialcontamination and the level of
bacterialchickcolonisation while at the processing plants the purposeagiplyingvarious

decontaminatiormethodsis to preventbacterialcrosscontamination

1.5.1. Control strategies on farm

The main source obacterial contaminationon the farms is horizontaltransmission It is
associatedwith environmental source$ke contaminated water, wild birds, insects, litter,
rodents, faecal contact, air or by farm personiBerndtsonet al., 1996; Lindbloret al.,
1986) It has been suggested thatvertical transmission ofC. jejuni from breeder flocks to
their progenycould be aother possiblesourceof the farm contamination(Pearsoret al.,

1996) However, there is no scientific evidence that this type of transmissionseBiesides
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this, in newly hatched chicks and chickerqp to 10 days oldthe colonisation with
Campylobactemwas undetectableNachamkin & Blaster, 20Q0pue tothe fact thatthe
bacteria was not isolated from chicks the first 10days, a veical route of transmission
from infected breeder flocks totheir progeny is doubtfulAltekruseet al, 1999;Vande
Giesseret al,, 1992)

In order to controlCampylobactecontamination at the farm level, different approash
havebeen investigated. At present, three strategies have been propdksieg 2009) The
first strategy focuses on the reduction of environmental exposureThese include
biosecuity measure, that proposeno other farm animalsr pets should be present on the
farm (VanSteenwinkekt al., 2011) In addition, the farm should be free from wild birds and
fly screens shoulde applied © preventcontaminationand spreadto adjacent broiler
houses Additionally, permanent rodent control should be carried ouélso, biosecurity
control measurs are focusingon a good hygieneof (i K S  Fimfraskuktre and of
personneland visitors as well as hygienprecautiors during transportto and from farms
(EFSA, 2011a; Gibbesisal.,, 2001;Van Steenwinkekt al., 2011) The secondntervention
strategyto redue Campylobacteicontamination at the farm level focuses dncreasng
the poultryQ & iK€ <starice taeducecampylobactes carriage in the gutThis involvethe
application of vaccinatiors. The third intervention strategy focuses omeducing the
Campylobactecolonization level irthickens andinvolves approacheincluding theuse of
antimicrobial alternatives such as bacteriophage therapy and bacteriocin treatihémt
2009) The second and third stratexg are described below in Section 1.511 of this

chapter as part ofhe biological methods of poultry decontamination at the farm level.

1.5.1.1. Biological intervention strategis

Biological method®f interventionincludethe application of bacteriophags, bacteriocins
or vaccinatios. The use of bactriophages and bacteriocinfocuses on decreasng
colonisation byCampylobacteon poultry already colonisedvhile vaccinatiorfocuses on
increasing the resistane of broiler chickens to colordfon and preventing their
colonisation However due tothe lack ofknowledgeregarding the underlying mechanism
of cecal poultry colonidion and the interaction between application of bacterophages,
bacteriocins or vaccinatianfor poultry, these methods have not been approved st the
European Commissionn addition the risk of consumption of the poultrireated with

these methodsieeds also tde investigated.
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1.5.1.1.1. Bacteriophags

Bacteriophagesnaturally presehin the environment are bacterial viruses with the ability
to infect and kill bacteria. The benefit applyingphage therapyas an intervention strategy
against Campylobacter colonisation of broilersis their high strain specificity.
Bacteriophages attack only their target baga and no interactions with the background
microbial floa are observed. This advantageakes the phage therapg great biocontrol
measure andare considered a safe methodHugas & Tsigarida, 2008\ study by
Wagenaaet al. (2005) demonstrated an initial reduction of. jejuni by 3log in caecal
content following application of the phage therapy whik the end of experiment (after
5days) bacterial counts stabilised at a levellofog loweras compared tothe control
group. A reduction ofCampylabacteby 2 logCFUg™ was observed after application tie
phage cocktail by oral gavage andpoultry feed (Carvalhoet al., 2010) Thissuggested
that administering phages to poultry viaoultry feed could be successful on a commercial
scale.However, die to the ability of bacterial levels torecoveror increase agaimfter
phage treatment, this method camnly successfully be applied in broilers before slaughter
An important issue relating to thapplication ofphage therapy ishe potential of bacteria
to become resistance to the phage and research is ongoing iastigating the
development or emergencphageresistant bacteriamutants. Also, a possible influence of
others factorssuch as fed pH and the bacterial physiological staten efficacy of the

phagetherapystill have to beevaluated(Greer, 2005)

1.5.1.1.2. Bacteriocirs

Bacteriocins are proteinaceous, antimicrobial compounds that are produced by bacteria
andthat usually inhibit closely related speci@3arolissesMackayet al., 1997) Svetoch and
Stern (2010) studied variousbacterial isolates, among thenBacillus Paenibacillus
LactobacillusStreptococcusEnterococcusnd Escherichido determinethe effects of the
different bacteriocins agains€ampylobactefejuni. A few bacteriocins were described and
tested. It has been reported thdaenibacillus polymyxaroduce NRRL-80509 bacterioin

that effectively reduceC. jejuni colonisation. In 80 birdsreated with the bacteriocin no
colonisation was detecte@ days followingapplicationof the bacteriocin This indicated

that at least a six log reductionoccured. Similar resultswere observed when the
bacteriocin NRRL -B514 from Lactobacillus salivariusvas used. While another

bacteriocin E 760 produced byEnterococcus durans/faecium/hiragiave a reduction
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greaterthan 8 logCFUg". BacteriocinE 760supplementedn treatment water, resultedn
the elimination of 90% of pathogerrom 600 naturally infected birds (3% days oldafter
3 day®application (Svetoch & Stern, 2010) actobacills salivarigs has been found to
produce stable bacteriocin OR effective againstampylobactes colonisation(Sternet al.,,
2006) In that study,day-old chicks wereinfected with Campylobacteiby oral gavage
Atday seven, chickstarted to be fed with food supplemented with the QRpurified
protein encapsulated in polyinylpyrrolidone. At day, &bicks werekilled and enumeration
of campylobactes from the cecal cotent was performed. A6 log reduction in
Campylobactecolonisation incompaisonwith the untreated control group was observed.
Messaoudiet al. (2011)isolated lactic acid bacteri@AB)rom the 20 cecum of6-week old
Tunisian chickens. Among bBABstrains isolatedthose with activity againstCamylobacter
were distinguishedThree #rains of Lactobacillus salivariusave been found to produce
bacteriocinsthat were still effective followingither heat treatment (10 min at 80 / 06
catalase (3ngml™) treatment. This indicates that thesgroteinaceousantimicrobial agents

are stable.

Although the application of bacteriocins seems to be a great method of reducing
Campylobacterfrom the poultry at the farm level, further research investigating the
longterm effect of its application has to be performed. It has been suggested that
application of bacteriocins might be affected by genomic instabilityCampylobacter
Inaddition the effectof the poultry production environmenbn efficacy of bacteriocins

applicationhas to be also revieweiHermansetal., 2011)

1.5.1.1.3. Vaccinatim

One of the proposedaontrol measurs for reducing Campylobacteicolonisation at farm

levelis vaccinationThe purpose of this method te increase resistance of broilehicken

to Campylobactercolonisation (EFSA, 2011ap number of studiesvere carried out to
investigatethe use of vaccinet reducing the amount ofC. jejuni in broiler chickens.

To date, various results were obtainedepending on the vaccine usedReductionof
between16- 93% ofC.jejuniwas observed during orahccinaton with C.jejuniwhole cells

killed with formalin in combination withthe Escherichia colieatlabile toxin(Riceet al,,

1997) A1.4log CFUg™ reduction in oneday andin two-week old oral gavage chickens was
observedafter vaccination with éSalmonella entericaerovar¢ € LIK A Y dzNRA dzY n | NR!

(Buckleyet al., 2010)
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Although, some promisingesults have been obtained, @&accine to prevent cecal
colonisation in poultryby Campylobacteis not yet availablefFurthermore, before applying
them commerciallythe mechanisms afecalcolonisation of each hogpoultry and human)
have to be understood becauske vaccinescreatedneed tobe immunogenic in chickens
and not pathogenic in humar(¥ ounget al., 2007) It has been reported that as a result of
the vaccinationof chicksby injection of heakilled C.jejuni closedin the amniotic fluidan
increaseof the immunoglobulin A (IgA) antibodiexcured (Hermanset al., 2011) Besides
IgA Campylobactecolonised chicks algoroducedincreased level of immunoglobulin IgG
and IgM (Cawthrawet.al., 1993) The effect on humansof poultry consumptionthat

containsincreased levalof immunoglobulin is unknown.

1.5.2. Controlstrategiesat processing plarg

Themain concern with regardto processing poultry contaminated witGampylobacteat
the processing plastis to prevent crosg€ontamination of thepoultry meat. The risk factors
include slaughter, dressing and processifpth pre and postslaughter intervention
strategies play an imptant role. A feed withdrawal before poultrys transported to the
slaughter house as well as cleaning of the poultrypgporiation crates seems to effectively
reduce the risk of crossontamination (EFSA, 2011a; Kemmet al, 2004) During the
slaughter processC.jejuni can easily be spread from the intestinal contents to the
carcassegVan de Giesseret al., 1992) Besides the slaughter process, the evisceration
processis of high risk in poultrycontamination byCampylobacterspp. (EFSA, 2011a)
Compliance with the rules of food safety management systelased orthe good hygienic
process (GHP), good manufacturing process (GMP) and Hazalgsis and Critical Control
Points system (HACCplay a crucial rolein reducing contaminationin addition to these
quality systems,interventions during the slaughter processat certain stages of the
productionare also highly significant in the control @ampylobactecontamination at the
processing plant.This include the prevention of leakage of intestinal contentthe
detection of highly contaminated carcassestlue slaughterof the Campylobactenegative
batches before positivebatches (EFSA, 2011a)Other source of crosscontamination
include the presence of contaminated equipment or work surfaceherefore, proper

cleaning of the whole processing equipmenbfdigh significanc€EFSA, 2011a)

To reduceand prevent the contaminationcaused byCampylobacterdifferent methods of

postslaughter carcass decontanaition have beeninvestigated These include both
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chemical and physical methods. At theoment, no chemical treatments beside the use of
lactic acidare authorized in the European Uniodowever, some chemicals apermitted
in other countries worldwide Details about legislation are described in Section dféhis

chapter.

15.2.1. Physical methods of decontamination

The mainphysicalmethods that have been investigated in order to reduce the level of
contaminationat the processing plantand prevent bacterial crossontaminationinclude

water treatment,irradiation, ultrasound, freezing and cold storagedfood packaging.

1.5.2.1.1. Water treatment

In the processing planivater treatment methods have been used to clean and reduce
bacterial comtamination from poultry carcassesLi and colleagueq2002)investigated the
used of different temperature of tap water, ugig a birdwasher spray syster{il2 s at
80psi, equivalent to 5.4 atm}o reduce Campylobacterlevels Increasingthe water
temperature ¥ 2 NI (Hu2n cpg p 6 /  fesfiled inandecredseof Campylobacterby
0.78log CFUper carcass and 0.93 loGFUper carcass, respectivelyThe aithors also
studied the difference between the usef tap water only and tap watesupplemented
with 50pug ml™ of chlorine. The encluson was made that no significadifference between
these two methods was observed. sigriicant bacterialreductionin 6 week old broiled
after the evisceration proces®llowing treatment with distilled hot watewas reported by
Sinhamahapatra andolleagues(2004) The dressedctarcasses were either sgred or
dipped in 705 / RAAGATESR ¢ GSNI @&e albwMo dryifof 5 miff. R
Theauthors observed a reduction of total plate counts by 1.28 lo@FUcm? and
1.2log CFUcmi? following dipping and spraying the carcass in hot water, respectively
In addition, a reduction of coliform countsy 1.34 logCFUcm? and 0.73 logCFUcm? after

dipping and spraying/as detected, respectively.

1.5.2.1.2. Irradiation

Farkag1998) in his literature review compared the effectiveness of irradiatoordifferent
suitableproducts. A dse at 85 kGy applied for frozen poultry, and §55 kGy for chilled
poultry, reducedSalmonelleand Campylobacteby 3 logcycles. The application of 1 kGy on
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steak tartare (meat dish made from raw beef) reduced lgnel of Campylobacteby more

than 4 logcycle.

Despite the fact thathe irradiation method efficiently decreaseCampylolcter levels in
poultry meat, due to the complexity of the irradiation implementation, this method is
consideed difficult to apply. The arget microorganismthe type of the foodthe presence
of water and oxygen in the food produetndthe irradiation temperatureall influencethe
effectiveness othe irradiation process(Hugas & Tsigarida, 2008ue to the controversy
about the safety othis method, it has not beerwidely usedhowever, different legislation
in various countriehasbeen applied. Section 1.6. in thisapter highlights the different

legislationin various countries

1.5.2.1.3. Ultrasound

The hological structure of bacteria can be destroyed when appropriate high doses of
ultrasound are applied (Earnshawet al., 1995) A study by Haughtorand ceworkers
publishedin 2012, indicates that high intensity sonication (Hidmbined with thermal
treatment reducad Campylobactecountson broiler skirby 4.72 logCFUmI™ and was more
efficientthan thermal or sonication treatment alon@laughtonet al., 2012) Better results
were achieved while three treatments wer@mbined a 16 min thermal treatment at
536 / Z sonichtion and thermalsonication. These treatments resulteéd a drop of
Campylobacterand Enterobacteriaceaebelow detectable levek. A study by Boysen and
Rosenquis{2009)reported aCampylobacterreduction by2.51 logCFUper carcasswhen
hot-steam combined with ultrasoundreatments were applied. Thistreatment was

operated afterevisceration but before the insideutside bird washing procedure.

1.5.2.1.4. Freezing and cold storage

Poultry meat freezing and cold storage practices are usedxtend the sheffife of the
product In addition these methods have also been found to reduce bacterial counts.
Reduction ofC. jejuni counts between 0.340.81 log CFUmI™* in gound chicken and
between 0.31-0.63 log CFUg" in chicken skin was observed after storage4at /for
3-7days (Bhaduri & Cottrell, 2004)The vability of Campylobacteilis decreasedduring
storage at freezing temperatures, howevitrey can still be isolated from frozen poultry

(Malik-Kaleet al., 2007) According ta study carried out byZhaoand colleaguef 2003,a
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reductionat 1.3 and 1.8 log CFUg" of C.jejuni on chicken wingsvas achievediuring
storage at-20 and -30°C for 72hours respectively.Likewise longterm freezing for
52weeksat-20¢ /leads tofurther C.jejuni reductions of 40g, CFUg™" on chickenwings
(Zhaoet al,, 2003) In andher study, adecrease ofC.jejunifrom 0.6 to 2.2log within the
first sevendays ofthe longterm storage (112layg at -18¢ Avas achieved(Moorhead &
Dykes, 2002)This level of reductioremained the same for the whole incubation period
These results highlight that appropriate shelbrage plays @& important role inreducing

Campylobactelevel.

1.5.2.1.5. Packagig

Two European Union (EU)regulations exist pertainingto the types and properties of
packagingnaterials in contact with foodstuff. ThR& fINE G 2y S A& GAKMHYK 99/
and articles intended to come into contact with foddli dzF ¥¢ | yR GKS &S0z
PnkcHKI9/ atl Ol BAET S| RAPWER2DR &1.9 8099 These

regulate the use of recycled plasticrimaterialsin contactwith food. There are however no

regulations with regarslto packaging of poultry meat products. The Food Safety Authority

of Ireland called for an introduction of leak proof packagafighoultry-meat products after
Campylobacter was found on the surface of surrounding packs

(http://www.fsai.ie/news _centre/press releases/17032010.h)imResearchers worldwide

are also looking at the use of different poulinyeat packaging regimes fprevent further
bacterial spreading after poultry procesgi andto prolong sheHife, different types of
packaging and packaging atmosphere were examined. One of the proposed méthods
through the use ofmodified atmosphere packaging (MAP) or watu packaging (VP)
Typical gases applied in MAP, oxygen, nitrogen and carbon dioxide are used. However, it
has been reported that preservative resultstbe product have only oxygen and carbon
dioxide (Bakar, 2013)When modified atmosphere packaging or vacuum packagiege
used, a minor reduction of bacteria in beef and chicken meat was obser/ter &
Scherer, 2006)Additionally, storage of naturally contaminated beef under either vacuum
and 100% of carbon dioxide conditiofier 41 days at-1.5¢ / resulted no significant
changes ofCampylobactemumbers (Dykes & Moorhead, 2001Although,no relevant
changes ofC. jejuni counts were obtained, a MAP or VP combined with low temperature

storage may extenthe shelflife of the productgBakar, 2013)
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1.5.2.2. Chemical methods of decontamination

At present, nochemicaldecontamination treatmentswith the exception of lactic acidye
authorised in the ElHowever different legislation restrictions exigh different countries
in the worldin terms of the types oflisinfectant that can be usedral their applicable
doses (seee&ktion 1.6 in this chapterCchemicalmethods ofdecontaminationhave been
widely studied in orderto prevent the spread of bacterial contamination at tpeultry-
meat processing plarg In particular, a lot of focus hakeen put on the use of chemical
supplementation of water at prend posteviscerationduring poultry processg at the

plant.

Weak organic acid, chlorideased compoundsperoxiacid, trisodium phosphatesodium
hydroxide (NaOHare the main compounds #t have been studiedh order to investigate
their effectiveness in reducingnicrobial contaminations by applying themat different

stages afteithe poultry slaughterprocess(Del Ricet al. 2007; Jasass, 2008;dtial., 2002;
Rakovic et al, 2010; Whyteet al. 2001) As a result ofsuch disinfectant addition at

different stages of productionthe spread of bacteria at the processing plant can be
prevented The other advantage dfie applicationof these compounds d@®od additivess
the prevention of food deterioratio and extension of theshelflife of the final products
(Hugas & Tsigarida, 2008; Ricke, 2003)

1.5.2.2.1. Weak organic acids: citracidand lactic acid

The effectiveness of weabrganicacidsin the product decontaminationdependson the
type of acidused its concentrationthe temperature ofthe acid solutionthe type of food
product, the type of decontaminatedsurface and initial microbial loadof the food or
surface The aplication of weak organic acidsitric acid GHsO; and lactic acidGHsOs) for
the decontamination of food products, were found to be mestceptable(Smigicet al.,
2010) asthey can be found as natural compousith many foods, in particular fruits and

fermented milk product§EFSA, 2011b)

Several studies have reported on the effectiveness@idik organic acids in the reduction of
different bacteria in meat productdn the case of lactic acjch2%concentrationat 15 min
exposure 4e / NBR @ginScBlIsby 1.5 logCFUg™ in chicken wings. The level of

reduction increased to 3.87 lo@FUmI™ when lactic aitl treatment was followed by 24
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storage at 5 °GRajkovicet al, 2010) A study by Bosilevaet al. (2006) comparedthe
antimicrobial effect ofhot water treatment andthe use of hot watersupplemented with
2% lactic acid appliefbr beef carcasses. Usireghot water wash cabinet (74 / 0 %2 NJ
resulted in thereduction of both aerobic plate counts anBnterobacteriaceaeounts by
2.7log CFUper 100 cnd, while treatmentof pre-eviscerated carcasses to a 246tic acid
solution in aspray cabineat 42¢ teduced aerobic plateounts byl.6 logCFUper 100 cnf
and Enterobacteriaceaeounts by 1.0 lo@©FUper 100 cnf. However, the combination of
these twotreatmentsresultedin a bacterial redwtion tothe same level asbtained byhot
water treatment only. Resultsobtained byDel Rioet al. (2007)showedaerobic bacteria,
coliforms and Enterobacteriaceaeeductionby 1.2, 1.3, and 1.5 lo§GFUg™, respectively,
following naturally cotaminated chicken legs immersad a 2% lactic acid solution for
15min at 18¢ /Adtudy by Bautistaet al. in 1997 investigatedthe bacteriocidal effect of
lactic acid on faecall contaminated turkey carcasses afwund a95% reduction of the
total microbial load and diforms achieved when a 4.26w/w solution of lactic acid was
used(Bautistaet al., 1997) The use of lactic acid o@ampylabactejejuni decontamination
following incubation in various modified atmospheredhas also been investigated
(Smigietal., 2010) Bacterial cell suspension was treated wilactic acid at a
concentration of 3% for 2 mirAfter treatment bacteria were centrifuged and resuspended
in the broth. Then plates witle. jejuni were incubatedat 4¢ /  Fd&yslinder modified
atmospheres:80% Q, 20% N, 80% CgQ 20% N, air and microaerobic atmosphere
(10%CQ/85% N/5% Q). A reduction below detectablelevel following 5 days incubation
under microaerobic atmosphere and air was observed, while incubation under 80% O

20%N, resulted ina decreasdelow detectabldevelafter 2 days of incubation.

Meredith (2013), besides trisodium phosphaiavestigatedthe effectivenesf lactic acid
and citric acid orCampylobactereduction inartificially contaminatedresh broiler cloacal
contents Application of 1%, 5% and 108b either lactic acid or citric acid resulted in
reduction ofCampylobactersolated from the cloacal contents of the chickens. A reduction
by 1.08 logCFUg™, 2.17 logCFUg™ and 2.2 logCFUg™ was observedollowing treatment

for 10 minwith 1%; 5% and 10% oftric acid, respectivelyAlso a similar levekeduction
was observed whetactic acidwas used at the same concentratiohen this treatment
was transferred to the processing plant, rstatically significant differences between
treated and untreated saples were observed. Anotherstudy, investigaed the
effectiveness of different antimicrobial agentn the reduction of different bacteria

present in poultry mat, showed a significant reduction of bacterial countiex immersion
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of naturally contaminated chicken le@s 2% citric acid fol5 minat 18¢ /(Del Ricet al,
2007) Reductions ofmesophilicaerobic bacteria, coliforsy and Enterobacteriaceady

1.70, 198, and 2.1%0g CFUy™* of skin werealsoreported, respectively.

1.5.2.2.2. Chlorine based compounds

Chlorinebased compoundsuchaschlorine dioxide and acidified sodium chlorite have also
been studied as measures to reducgcrobial levet and prevent crossontamination in
the fresh meatproducts Chlorine dioxid€CIQ) is very reactive and is rapidly traformed

to chlorate iongAQ,), while he main active ingredient afcidified sodium chlorite (ASCh)
solution is chlorous aci(HCIQ) which is a very strong oxidizing agent, stronger than either
chlorine dioxide or chlorine(EFSA, 2005a)These oxidizing disinfectants destroy
microorgansms by direct action on the cellulaxembrane disrupting the permeability of
the outer membrane(Oyarzabal, 2005)Treatment of poultry ndc skin samies with
25ugml™ of chlorinated water significantly reduced the total viableounts by
log4.98CFUy" and log 4.52CFUmI* for pre-evisceration and poswash samples
(Whyteet al., 2001) A study by Yangt al. (2002) investigated theCampylobactejejuni
survival in pe-chill broiler carcasses taken fromcommercial poultry processing plant
atthe end of an eviscerating lindBoth tap water spray andh water spray containing
50ugml™ of chlorineon carcasses at different temperatures were researched. A 1.21 log
most probable numberMIPN) per carcass, 1.81 log MPN per carcass, 2.16 log MPN per
carcass reduction was observed following spraying the carcass with chloringat 2& /p3p
606 / T  NBlya Fi$hérGetluction ofCampylobactecountsat 1.89, 2.05 and 2.53 log
MPM percarcass was achievash chickencarasses sprayed with 50 mI™* chlainated
water at 20g /55¢ /and 60s / | Y R (i K SgC foOF0 min ReSearchl-byi Nonthcutt
etal. (2004)investigated the use ofater-only and water supplementedith 50 ug ml™ of
chlorireat21.16 / = e o do/ R/ pHe eduction of bacterial countsFollowing the
carcassewashing ina bird washer ab.4atmospheric pressuréor 5 s,with water-only and
chlorinated water at different temperatuieresultedin no significantreduction leves of

total aerobic bacteriak.coli, andCampylobacter
Kempet al. (2001)reported a 2.6 logCFUmI™ reduction of Campylobactegfter spraying
poultry carcasss for 18 seconds with 1100 pml™ of acidified sodium chlorite (ASCh).

Furthermorge ASCh treatmenivasreported to be an effective disinfectantfor significantly
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reducing the naturally occurring microbial contaminatioof broiler carcasses. After
immersion dipping at 500, 850, 12pgml™ of ASCh a significant reductioat all

concentrations was observe@emp et al, 2000) Reduction of 1.5 logCFUg" of

Enterobacteriaceawas reported whe naturally contaminated chicken legvas inmersed

in 1200ug mi™* of ASClH{Del Riet al., 2007)

1.5.2.2.3. Trisodium phosphate

Trisodium phosphate(Na&PQ), a phosphatdbased compoundis a highly alkaline
compound Its mechanism of action is notet fully understood. It pobably interacs with
fatty molecules in the cell membran causing bacterial cell leakaff@yarzabal, 2005)he
use of trisodium phosphate(TSPh) as a ptiry decontamination treatmenthas been
studied.A 1.7 logCFUg™ reductionof Campylobactewas published by Whytet al. (2001)
when 10% of TSPh was applied 1& min by immersion of the broiler carcass. Another
study showed a reduction &. colion artificially contaminated chicken meportion by 0.5,
1.2 and 1.6 lo€FUcm? after dippingin 8, 10 and 12% of TSPh, respectiy@hsass, 2008)
The effectiveness of 10% trisodium phosphateGampylobactefejuni, followinga 10 min
incubation of chicken breast skin watsoinvestigated(Arritt et al., 2002) The skin was
inoculated withC.jejuni before the chemical treatment application. Following treatment a
reduction by 1.63 log CFU peskin was observed. Iraddition, authors investigated the
ability of trisodium phosphate to preventhe attachment of bacteria. The skin was
inoculated withC.jejuniafter chemical treatment. Reduction @f.jejuniat 1.28 logCFUper

skinafter chemical spraying was observed.

1.5.2.2.4. Peroxyacids

Peroxyacids arelso used in poultry decontamination inree countries.Peroxyacetic acid,
hydrogen peroxide peroxyoctanoic acid acetic acid, octanoic acidnd HEDP(1-
hydroxyethylidenel,1-diphosphonic acidused as stabiliser) are the main compounds in
peroxyacids solutionThe solution is used at a maximum concentration of total peroxyacid,
expressedas peroxyacetic acid of 220 pgl™ a maximum concentratin of hydrogen
peroxide of 110 ug i, and amaximum cogentration of HEDP of 13 pmi™ (EFSA, 2@).

All of them havea strong oxidizing functionvhere disruption in the peneability of cell

membranes andhlteration of proteins and nucleotidessynthesisoccur (Oyarzabal, 2005)
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Del Rioet al. (2007) investigated the useof a peroxyacid solution after the poultry
evisceration process. Samples were collected stodedat 3¢ for up to 5 days. Following
the peroxyacids tratment by dipping the carcass, bacterial coumtsre investigated.
Peroxyacids aa concentrationof 220pug mi™* reducedmesophilic aerobic countsy 0.53
CFUg", psychrotrophsby 0.11 CFUg", Enterobacteriaceadevels by 1.34 CFUmI",
coliforms levelto 1.18 CFUmI* and enterococci t02.17 CFUmI™. A reduction by
0.6log CFUmI™ and 1log CFUmI™ in Escherichia colD157:H7 andSalmonellaserotype
Typhimurium were obtained, respectively, while fresh trim beef pieces was dipped in a
peroxyaceticacid atconcentrationof 200pgmi™ at 43¢ / T 2(Elkbraghtetal., 2005)
Peroxyacids, following spraying for 48t a concentration of 200gml™, resulted ina2 log
reduction of Campylobacterejuni in an artificially contaminated poultry carcag&FSA,
2005b)

1.5.2.2.5. Sodium hydroxide

Sodium hydroxide (NaOHps also beelinvestigated as a potentialisinfectantto reduce
different bacterial contaminatiorin meat products Redudion of Listeria monocytogenes
using0.175%, 0.200% and220% (w/v)of NaOHin artificially inoculatedchickenlegs was
observed After inoculation and storagéor up to 21 days aRle /aXeduction between
1.80 and 28 log for NaOHtreated samples was achievé@apitaet al., 2002) However,
Zhaoand Doylein their study in 2006, showed more than 5 logCFUmI™ reduction of
Campylobactejejuni after treatment by 0.05 N0O.2%)and 0.1N (0.4%)sodium hydroxide
for 2 min. The athors suggest that this finding may be a useful treatment in chill water
tanks for poultry processors to redu¢gampylobacteon poultry skin after slaughtgzhao

& Doyle, 2006)Although the authors obtainedpromising resultsfurther studeswere not

carried outto investigatethe different means of applying thidisinfectant

1.6. LEGISLATNO

Enhanced problems relateb the contamination ofpoultry productsby bacteria during
production contributed tothe creation of the first regulationsn prevening their spread.
These regulationsvere producedin 1980 bythe Worldwide Health Organisation (WHO)
and originally were concernedwith controlling Salmonellacontaminationduring poultry

processing Due to their timeless versatility, thegould be easily extended to other
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pathogens related to poultry contamination The regulations considethree control
strategies The firststrategy, concentratal on controllingthe bacterial contaminatiomn the
flock and preventingthe spread between flocks by implementation of security
measures maintaining good hygienigractices(GHP) andhe separation of contaminated
flocks from uncontaminatedflocks. The ®cond strategy focusd on the prevention or
reduction of contamination of the carcaasthe processing plantbythe implementation of
good manufacturing practices (GR) and Hazard Analysis Critical ContrdhP¢HACCP).
Thethird strategy, focusedon prevention of contamination during the final preparation of
the food by the industry and consunsgHugas & Tsigarida, 2008)

The Ewpean Food Safety Authority (E5% the main organisation ithe European Union,
responsible foproviding a riskassessmentvith regard food and safety. This includes risk
assessment ofising different methodsfor controlling pathogens in food and sanitation
methods including the use ofletergents their concentratiors, exposure times etc.
Following chemical and microbiological risk assessment, the European Commission might
approve theuse of such substances orethods(Hugas & Tsigarida, 2008he equivalent

to the European Commission the United Statesof Americais United States Food and

Drug Administration, FD@®el Ricet al., 2007)

1.6.1. Legislation in theUnited States of America

With regard to the application oHACCP systenia the USA and Canaditervention
strategiesin reducingbacterial carcassesontaminationat slaughter are currently in use
The interventionapproach includes the use ghysical, chemical and biologiaalethods

(Loretzet al., 2010)

Carcass decontamination at thprocessingplant is a regularoccurrence where a
combination of different methods for microbial reductigmapplied. Most ofthe methods
are authorised bythe FDA and generallyecognisedas safe (GRAS). Amorilge various
substancesrecognised as safand approved for use include weak organic acid at a
concentrationof 1.5%2%, trisodium phosphate at 8%2%, acidified sodium dorite at

500pug ml™-1200ug mI* andperoxyacid up to 22Qig mi* (Del Ricet al., 2007)

Under some conditiongfood irradiation as a control measure hasendeemedsafe(Lee,

1998) However, die to the high riskof chemical changes ithe food and itspackaging
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somestrict regulation in terms of packaging materials and irradiation doseapplied In

addition, an appropriate packaging label has to be suppliedth®y manufacturer. The

NI} RdzN} a&voz2f FyR GKS LIKNI &8 & NBlhiss$oRe s A GK N
clearly visible in the productd-resh pork can be irradiated with dose up thQy, poultry

with dose up to XGy androzen meatwith dose up to7 kGy(Lee, 1998)

1.6.2. Legislation in theEuropean Union

Presently, there are twoegulations m the European Uniomegarding theuse of chemicals
for food decontamination. A&cording to Directive 71/118/E@he useof substances other
than portable water are not permitte@Del Ricet al., 2007; Loretzt al., 2010) However
the European Union Regulation (EC) No. 853/20@4ng down specific hygiene rules for
food of animal origin, highlights chemicals thatmight be used for bacterial
decontamination of the meat produdiut recommended withholding their use tiha risk
assessmenis provided by the EFSALoretzet al,, 2010) So far,the use of lactic acid to
reduce microbiological surface contamination on bovine carcasses wadeadby the
European Commissionnothe 4" of February 2013 and enteredtin force on the 28

February 2013 (http://europa.eu/rapid/midday-express04-02-2013.htn) after a risk

assessment by EFSA. The aim of this procedute ieaintain GHPand GMPpractises

rather than using antimicrobials to hide human error ahe lack of proper trainingThe
European Food Safety Authority (EFSA) with the Scientific Committee on Veterinary
Measures Relating to Public Health (SCVPH) reported that carcass decontamination by
chlorine dioxide, acidified sodium chlorite, trisodium phosphate and peroxyacids has no

toxicological risk to human healfEFSA, 2005a)

In case of usingrradiation as a decontamination methofirective 1999/2 ECregulates

the type of food that can be irradiateand covers general and technical aspects for carrying
out the irradiation processeslabelling of irradiated food and conditions for authorising

food irradiation (Hugas & Tsigarida, 2008)radiation isonly allowed foruse on certain

foods: dried aromatic herbs, spices and vegetable seasonings. Some countries have an
authorisationfor using irradiationon particular productsFrance may use up ®.5kGyon
Camembert cheesand4.0kGyon egg white while theNetherlandsmay use up t®.0kGy
onfroglegsandup to 1.0kGyon dried fruit, and theUKmay use up t®.2kGyon roots and
tubersand3.0kGyon shellfish(Lee, 1998)
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1.7. TECHNIQUES USED IN THIS STUDY

This study was set out to investigate the lelegm effect of weak organic acidike citric
acid andlactic acid and phosphate based compousduch astrisodium phosphatgand
chlorinebasedcompound such asacidified sodium chloriten Campylobactespp. survival
and adaptation The longterm effects ofdisinfectant challengewere studied in a bie
processorcontrolled chemostat culture system which maintains defined growth rates.
Longterm chemostats (850h) were run with and withoutdisinfectantselection pressures.
During the course of exposure to thdisinfectant representative samples from the
chemostat culture were alsotaken and stored for proteomic analysis and virulence gene

expression.

However, lefore carying outthe longterm Campylobacteadaptation study, isolates were
genotypically identifiedisingmolecular typingechniquesand phenotypically characterised

by antimicrobial susceptibility testing (MIC) and tiki# kinetics.

1.7.1. Campylobactegenotyping

Various methods o€ampylobactegenotyping have been developed in the last 30 years.
The nodern methods ofgenotyping include PulseField Gel Electrophoresis (PFGE)
RestrictionFragment Length Polymorphism ralysis of PCRmplified Flagellin ées(fla
PCRRFLP Random Amplification of Polymorphic DNA Analysis (RA®PMlified Fragment
Length Polymorphismimgerprinting (AFLP) or Multilocus Sequence Technique (MLST). In
this study two genotyping method2FGE andla PCRRFLPwere used to genetially
fingerprint Campylobactespp. These two methods were chosen as they have been widely
used in other studiedor strain characterisation(Camardaet al,, 2000; Fitzgeralet al,,

2001; Haretal> H n n T Tet ah, @11 Oridk al., 2003)and they will be describd in

greater detail in comparison tilne other modernmethodsof genotyping

1.7.1.1. PulseField Gel Electrophoresis, PFGE

The whole genomic DNA is used in the PFGE technique, where bacterial DNA is immobilised
in the chromosomal grade agarose plu@sll lysis is carried out in the pluds order to
prevent DNA sharing. Following accurate plugs washingderto remove compunds that

may inhibitthe restriction enzymesctivity, a digestion by a rareutting enzyme is applied.
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Smd, Sal, Kpnl are the most discriminatory enzymes use in the restriction of
Campylobacter Separation of digested DN#&performed bya specialisealectrophoresis
method which uses an alternating voltage gradient to improve the resolution of larger DNA
molecules. The DNA cut fragments are separated by their molecular wei@rmd
restriction enzyme generates from 5 up to 10 bands frédnto 480 kb, whilKpn easily
producesup to 13 bands from 4&kb to 200kb (Gibsonet al., 1997; Oweret al.,, 1995) The
smallest amount of DNA fragments, between 2 and 4, after digestidbdbyvasreported
(Hannineret al., 1999)

Digestion of genomic DNA by one of the above memtbrestriction enzymes, mak&~GE
a great discriminatory method, that easily shows diffexesiwithin Campylobactespp.
Han and coeworkers (2007) genotyped 100C jejuni strains by PFGE andbtained
73 different PFGE typeg\nother study reported eight PFGBpatternsfrom the 19C.jejuni
isolates teted (Camardaet.al., 2000) Fitzgeraldand colleagueg2001) in their study,
genotyped22 C.jejuniisolatesusingthe PFGHEechnique Followingdigestion of the whole
genomic DNA by Smad restriction enzyme 11 different PFGE profilesere obtained.
h Q[ S| NEworkeys Ren@yded 60Campylobactespp. isolated from retail foodstuffs
and patients with gastroenteriti®s a part of epidemiological studyh Q[ & 4al.N2B11)
Among507 strainsthat were successfully analysédllowing Smd digestion, 236 different
patterns were obtainedpf which 22 profiles were found to be common amongst these

isolates.

PFGE is considered a gold standard methodepidemiological studies of pathogenic
organisms The PulseNet programwas establshed in 1996 in the USA argince its
foundationhasdeveloped into a networlon aninternational scale(PulseNet Irgrnational)

for the molecular subtyping of foedorne disase surveillance-However it is in the USA

that PulseNeis most advanced by way of an integrated surveillance netwidrk. PulseNet
USA is a collaboration betws various institutions such @ise Association of Puial Health
Laboratories (APHLhé Centresfor Disease Control and Prevention (CDC), the Council of
State and Territorial fidemiologists (CSTEMdG KS C22R | yR 5NMz3 ! RYA YA
for Food Safety ahApplied Nutrition (FDAFSAN)Theadvantageof this network of local

and statehealth laboratories which use PFGRs a genotyping tool, lies in its ability to
detect, investigate and control doreaks of foodborne infection. Subtyping allows
scientists to see the differences between bacterial strains of the same species and monito

the trends of those bacteriéGernerSmidtet al., 2006) PulseNet USA database contains
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PFGE profiles farganisns such asSalmaella, Listeria monocytogenégibrio choleraand
Campylobacter The Campylobacterdatabase was established in 200dowever, due to
high genetic diversity and plasticity Gampylobactegenome, it is difficult to detect the
outbreaks caused by this pathogé@ernerSmidtet al, 2006) Nevertheless, a national
scaleCampylobactespp. genotyping can be an useful tool in detection of different sources
of human infection(Shepparcet al., 2009)

1.7.1.2. Restriction Fragment Length Polymorphism Analysis of PCR
Amplified Flagellin Genedla PCRRFLP

RFLP is a technique that exploits variations in homologous DNA sequences.
Campylobactespp. isa flagellated organism that possesses a single polar flagellum at one
or both ends of the cefAlmet al., 1993) There are two genes coding the flagelluiaA

and flaB at approximately 1.7 kb size, each. Betwdkngenes there ign approximately

170 bp intergenic spacer regiohese genes are highly conserved, wit®@2mology
between theflaA andflaBgenes in individual isolates. However, polymorphic regions in the
flagellin genesexist which provide the basis of a typing scheifdachamkin & Blaster,
2000;Nachamkiret al., 2008) Comparison of the published sequences of tlaé\ genes of
C.jejuni and C. colirevealed common regions at the-tdrminal (170 amino acids) and
Gterminal (100 amino acids) ends of the protéiisbier & Nachamkin, 1991; Nuijteat al.,
1990)

In the Restriction fagmentLengthPolymorphism Aalysis of PGRmplified Flagellin €nes

(fla PCRRFLI technique, amplifieda region by PCR reaction is purified and cut by a
restriction enzymeThe 1.7 bp amplicon is digested by a restriction enzyme or combination
of enzymes. Common enducleases, used to distinguish variability fla sequences,
include Alul, Ddd, Ecdrl, Hinfl and Pst. Thenthe fragments are separated by their

molecular weight by electrophoresis.

The relatively low cost, eaggccomplisked and high discriminatory level between strains
make the method an excellent tool in identifying various genotyptan and colleagues
reported that followingDdd restriction enzyme digestior80 flaA types were identified
among 100 C. jejuni strains thathave beengenotyped(Hanet al., 2007) Camarda and
colleagueq2000)genotyped 22Campylobactejejuni strainsand found10 different flaA
patterns from the isolatestested. Another study that usedthe flaA-typing technique,
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following digestion bythe Ddd restriction enzyme of 2ZC. jejuni isolates, 7 different

patterns were obtainedFitzgeralcet al., 2001)

Despitethe fact that fla-typing is a good discriminatory methddr Campylobactersolates,
the major disadvantage dfa PCRRFLRs the genetic instability ofla genes. It has been
reported that C. jejuni is capable of intergenomic recombination betwe#iaA genes of
different strains as well as betwedtaA and flaB genes in the same straifHarrington &
ThomsonCarter, 1997) Due tothis genetic instability these methods should not be used
alone for the longerm study of Campylobactepathogenisity. Other genotypic methods
should be applied to achieve correct resulibe ombination offla-typing and PFGiives a
good solutionin order to achieve the optimal typing @@ampylobacte(De Boeret al.,
2000)

1.7.1.3. Random Anplification of Polymorphic DNA, RAPD

The Random Amplification of Polymorphic DNIRAPD) use randomly constructed primers
to bind to genomic DNA and then the fragmsiare amplified by regular PCR. The size of
amplicons andheir number can be manipulated by reaction parameters. RAPD technique
was found tohave a similar discriminatornpower in compaison with PFGEHOno et al,
2003)

1.7.1.4. Amplified Fragment Lentp Polymorphism, AFLP

Two restriction enzymedHindll andHha or Bgll andCsil) are use to digest genomic
DNAin the Amplified Fragment Length PolymorphigisFLP) techniquéKlena & Konkel,
2005) Following DNA cutting, specific oligonucleotide adapters are ligated to restriction

sites. Finally, the PCR of adapfesigment is carried out by using adaptgpecific primers.

1.7.1.5. Multilocus Sequence Typing, MLST

Multilocus Sequence Typing (MLST) is a technique using sequencing housekeeping genes
(typically seven) to distinguish differencestween C. jejuni genotypes andhe source.
Each sequence variant will be differentidtbetween different allelic typg The MLST
method can give better understandingf epidemiological investigatiofKlena & Konkel,

2005) Sequence typing by MLST is internationally recognised asetivegold standardor
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national and international epidemiological characterisation of major pathogenic

microorganisms such & jejuni(Sullvanet al, 2005; Urwin & Maiden, 2003)

1.7.2. Chemostat culture technique

In this study, the effect of severalisinfectans on the survival, growth andeath
characteristics of Campylobacter strains was investigated. The ability of different
Campylobactestrains to adapt tadisinfectans was carried out under continuous culture
conditions using a chemostat techniquEhis technique for the first time was described in
1950 by Monod(Hoskisson & Hobbs, 2005; Monod, 195@h advantage ofcontinuous
culture is that the microbial population can be carried on in a constant environment and
constant parameters as a growth rate. Another benefit of this culturethast the
environmental factors such as pH, nutiieconcentration andoxygen level can eadye
controlled. In addition, the influx of sterile media and efflux of spent media create
balance between live and deaells whilea gentle mix allows thereation of homogenous

steady state culture.

1.7.2.1. Practical application of the chemostat technique

The chemostattechniqgue has been used in different research fields like ecology,
microbiology or chemical engineeriri@hengChe & Sz®8i, 2005) Fleminget al. (1988)
used chloramphenicdelective pressure a chemostatin order to producestableplasmid

in Bacillus subtilis puB110, he plasmid that was used in the study,confers
chloramphenicoland kanamycin resistancdn addition,it encodes h-amylase. Due tahe
high instability ofthe plasmid bacteria can easily lest. It has been reported that after
96 h growth in bath culture, the bacteria lost the plasmid. However, applying the selective
pressure to the continuous culture by additadnchloramphenicol, resultedin the
mainterance ofthe plasmidafter 160 h ofculture. The chemostat culturgechnique was
also used by Noack and-emrkers (1984)to maintain the stable plasmig pBR322 and
pBR325 irEscherichia colThe chemostat cultures were run under glucose or ammonium
chloride limitation at two different dilution ratesResults btained showed that pBR322
was stable undeall growth conditions testedHowever, he plasmid pBR325eparated

from the hostunder glicose restrictiorandalow dilution rate
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Continuous culturehas also been usedfor investigating the effect ofirhited nutrient
concentrationon bacterial growth.The purpose of this type of studyasto look atthe
physiological adaptation of the bacteria to nutrient concentration through the flux changes
by looking atthe molecular response mechanism for the stress conditions assdciated
gene expressian Shehata and Marr(1971) investigated the effect ofa limited
concertration of glucose,phosphate or tryptophan onEscherichia coliThe authors
concluded that thegrowth rate is dependent on the concentration of the tested
compounds when they are at the low levelA study by Hua and cavorkers (2004)
investigated the effect of limiting concentration of glucose and ammoni&sgherichia coli
growth. Whenthe bacteriawere grown in ammonia limited concentraticat growth rateof
0.1 h', the DNA microarray analysihowed oveexpression oB2 genesinvolvedin amino
acid metabolism.Higher expression of other genes involved ientcal intermediary
metabolism, energy and nucleotide metabolisamd transport/binding proteinwere also
found but at the lower level In the case of glucose deficiency the higher percentage of
gene expression was found to bassociated with thecentrd carbon and energy
metabolisms and transport systemgHuaet al.,, 2004) Thesekind of studieson bacterial
growth dynamics ha@ great impact on practical application of the chemosthniques
such as thereation of the appopriate selection medi#o control growth conditionswhich
can lead to theoverexpression of particular enzymes th#ten can be extracted as a
product. The continuous bacterial culturbas been used foexample forh-amylase
production. Some studiesinvestigated dferent species ofBacillus and their growth
conditionsusinga chemostat culturen order to constructa h-amylaseproducing strain.
Theresults showed thaBacillusspp.under a carbodimited environment and appropriate
dilution rate produce the enzyme(Daviset al., 1980; Emanuilova & Toda, 1984; Meers,
1972)

Chemostat technique has been also used to investigate the bacterial response to
antimicrobial agents.Apart from its use in bderial adaptation studes it is a good
technigue to investigatehe evolutionof mutant cells with resistance aratossresistance

to compounds. Bacteria that growontinuously over long periods (multiple generation)
under unfavourable conditios can alter (adapt}o these conditionsand grow faster than

the parent strain.ln such instanceghe bacterial population in thehemostatevolvefrom

the wild type to thea new strain(Novic & Szilard, 1950)he long-term effect of antibiotic
levofloxacin orEscherichia cotiesistancewas investigated by Flemi@002) Incremental

increase of antibiotic form 0.251g mi* to 40ug mil* resulted in the emergence of
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resistance strainsThe MIC fothe antibiotic increased 4¥ld after 91 generationsThese

mutantsremainedstable followng serial antibiotidree batchand continuous cultures.

Chemostat studies can also be used to look at the molecular mechanism for resistance
development inpopulations upon exposure to anticrobials.In a study byMcCayet al. in

2010 which looked at the effect of exposure of benzalkonium chloride (BKC) on
Pseudomonas aeruginosaesistance reported a 12fold increase in resistance in
comparison with the wild type straifMcCayet al., 2010) Sequencing analysis girA
geneshowed mutation in Thr83gle. The aithors also looked at the implicatiorof
crossresistanceto other antimicrobials. Theyobserved a decreasein sensitivity to
ciprofloxacin by256-fold in the chemostatderived BKC resistarstrain. Conversely, carry

out the chemostat culture oniprofloxacin selection pressurproduced mutantsthat
showed increased resistance to BK&lapted populationincreasedtheir MIC to BKC at

4-fold.
1.7.2.2. Mathematical explanation of the chemostat technicu

In the chemostat,a aitical factorcontrolling the behaviour of bacteri the dilution rate

(D)described aslte rate of medium flow into the vessel its volume.

o - (1)

where,

D ¢ dilution rate[h™]; F¢ flow rate [mIh™]; V ¢ working wlume of the fermenter [ml]

Each culture characterisdélse specific growth rate (uas well This factolis defined as the
increase incell mass per unit time The changesf the biomass (x) during time in the

chemostat can be expressed as:

— tw Ow (2)
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During the steady state the changes in biomass are constant-thesjuals zeraand the

equation creatsthe form of

u=D @3)

Investigating the appropriate dilution rate of the culture is important. D as the parameter
that can be controlled by adjusting the speed tbe peristaltic pump anchas to be
maintained below theD; (dilution rate critical). @ equivalent to phax (Maximum specific
growth rate), wherit is higher that D (D), washgout of the culture from the fermenter

occus. When Ris lower than D ([xD), the steady statis being achieved by bacteria.

When the culture is carried out at the steady state, wh&gD, the limiting nutrient
concentration has to be considered. The link between nutrient concentration and specific

growth was presented by Monod 942)with following equation:

[ — (4)

where,

> - growth rate; S - nutrient concentration Ks ¢ the nutrient concentration at which the

growth rate is half that achieved under nutrieatdzf T A OA Sy ()0 ¥RA D B2y a 0>
when the growth rate is 0.5§4

When the culture is performed in steady state, then y can be replaced by D. The model
presented by Monod is not ideal in terms of bacterial behaviour. The equat@mwas
created by empirical observation between growth rate and nutrient concentration, where
the limiting nutrient was a source of carb@Dykhuizen & Hartl, 1983; Hoskisson & Hobbs,
2005) Other models were proposdd improvethe existing one. Droop presented a model
that seemsto consider limiting the concentration of nitrogen, phosphorus or vitamins
(Droop, 1973, 1975; Dykhuizen & Hartl, 198Bhe advantage ofhe Droop model was
measuring of the internal substrate condeation (substrate concentration in the cells),
while in the Monod model the external substrate concentration (in the media) was

calculated. Droop model for monoculture presents equaiidybelow.

t ot — (5)
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where,
Hmax - Maximum specific growth ratek - minimum concentration of limiting nutrient per
cell required before growth can be procedg(t) - concentration of limiting nutrient per cell

which equals the reciprocal of the yield when excretory losses can be negjlect

Presented models and equations are valid only when the chemostat is performed for the
monoculture. While two or more strains are present not only limiting nutrient
concentration has to be considered but as well as competition between strains:téiong
culture becomes more challenging also due to difficulties with regards to dilution rate set
up. It is more likely that various tested strains will have different maximum specific growth

rates and different lag phase.

Figure 1.3. illustrates the chemostsystem used throughouhis study Beforeperforming
the chemostat cultures, thdacteria weregrown in a batch cultureuntil the logarithmic

growth phasewasreacled.

FRood

 DEBUgEGay -z

Figure 13. Thestructure of the chemostat used for the lotigrm disinfectant challenge study

545ml working volume chemostat was used in this stullye fermenter (A) was fed from a 10 litre
glass reservoir (E) via a peristaltic pump (C) and feed tubing (H)xoFfiseant temperature was
maintained by using an internal stainless steel heating coil fed with water from a bath controlled by
a water heater (D) and was checked using the thermometer (l). The culture was mixed using
magnetic follower on stirrer (B). To ikesure that the culture will not be air blocked, the chemostat
culture contained medium break (K) and filters (L). The saiptethe analysis were collected via
sampling port (F). The pieter (J) was not used in this study.
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1.8. AIMS

At present, in the European Uniptihe use of substancesther than potable wateris not
permitted for the decontaminationof poultry meat products, abroiler farmsor at poultry
meat processing plants. However, EU Regulation (EC) No. 853f@BHghts chemicals
that might be usd for bacterial contamination of meat prodigtBefore these chemical
canbe commercially approved liie European Commissionriskassessmentill need to

be carried out relating tahe responseof bacteria to exposure tothese antimicrobial
agents andhe risk ofgeneratingmore virulentstrains This study set outo invegigate
Campylobacteresponse to exposure to disinfectant by way of its ability to survive and
adapt to disiffiectants and the consequences fitie bacterial cell at genome and proteome

level

The specifi@imswere;

1) to screen a poolof food and clinically derivedCampylobacterjejuni and
Campylobactecoli strains genotypially by PFGENd flaA-typing, and phenotypically by
determining theMICto a numberof disinfectants(citric acid, lactic acid, acidified sodiu
chlorite, trisodiumphosphat§ and antibioticg(ciprofloxacin, tetracycline and nalidixic acid
as well as determining timkill kinetics of the disinfectants for the test straifrom this
initial characterisation, ahortlist of candidate strainsvasselectedto carry outa study of
the effect of disinfectat exposure on their adaptation;

2) to conduct longterm chemosta culture studies on differenCampylobactesstrains in
order to determine the effect ofa gradual and continuous incremental exposure to
disinfectants (citric acid, lactic acid, acidified sodium chlorite and trisodium phospbrate)
the ability of the bacteriao survive andér adaptto the disinfectants and develop cross
resistance to antibitics (ciprofloxacin, tetracycline and nalidixic 3cid

3) to evaluate Campylobactervirulence genes expression in response longterm
exposure to disinfectants at stMIC, MIC and sup#®lIC concentrationsThe relative
expression of four genedlgsS (flagellar sensory histidine kinaseciaB (Campylobacter
invasion antigens)cmeA(multidrug efflux pump) anddtB (cytolethal distending toxin)
wereinvestigated

4) to investigate and determineCampylobacterproteome responseto longterm
disinfectantchallengeusingthe two-dimensional acrylamidedy electrophoresis technique

and MALDITOF mass spectrometry analysis
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2.1. SUMMARY

Various methods o€ampylobactegenotyping have been developed in the last 30 years.
Modern methods of subtyping include PulB&ld Gel Electrophoresis (PFGE), Restriction
Fragment Length Polymorphisof PCRAmplified Flagellin Gengfla PCRRFLF, Random
Amplification of PolymorphidNA Analysis (RAP@y Multilocus Sequence Technique
(MLST). In this studywo genotyping methods: PFGE afld PCRRFLPwere used to
characteriseCampylobacteisolates In total, 17 Campylobactespp.straing 13 strains from
food and 4from clinical sourcesvere genotypically fingerprinted Strains were also
characterised by way of susceptibility tantibiotics: tetracycline, nalidixic acid and
ciprofloxacinand to the disinfectans citric acid, lactic acid, trisodium phosphate and

acidified sodium chlorite.

In total, 11 different patterns among 15isolateswhere PFGE was successfuliigtained,
were determined Two strains C.jejuni323BC and.jejuni, 1495BFdid not reveal anyPFGE
pattern. It is probable thatthese two isolates were DNasepositive, degraihg their
chromosomal DNA during standard prepaoat procedures. In addition, 14 distinct
patterns were achieved followinDdd restriction enzyme digestion used filmaA PCRRFLP
analysis. However, followinginfl restriction enzymedigestionof the PCRamplified flaA
geneonly 7 different patterns were detectedDigestion byDdd restriction enzyme resulted

in better differentiationbetweenCampylobactegenotypeshan digestion byHinfl.

Antimicrobial susceptibility testindMIC) and timekill kinetics analysis were used to
phenotypicallycharacterise thel7 Campylobactespp. strainsThe resultsobtained show
that tetracyclineagarMIC valuedor all isolatesranged from 0.125 td.28 ug ml*; nalidixic
acidrangedfrom 0.5 to>128ug ml* and ciprofloxacinfrom <0.00025 to128ug mi*. The
disinfectant agar MIC for citric acid and lactic acid ranged between 00254 for
trisodium phosphatefrom 0.15% to 2.5%while for acidified sodium chlorite from
500ugml™ to 850ug mit. The timekill kineticsreflecting the time required toreduce
Campylobacteby 3 log (99%)were dependat on the strain, the type of disinfectantand

its concentration. The tim4ill variedfrom 5 min to >120 min.
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2.2. INTRODUCTION

Campylobacters the most common bacterial cause of gastroenteritis worldwide. The main
source of transmission to humans is througle consumption of improperly prepared food,
particularly undercooked poultry productdlacKicharet al., 2004) Symptomsof disease
caused by this foothorne pathogenare usually selfimited but occasionally lead to serious
sequela illnesselike Guillain.  NNB { @Y RNRBYS> NBI Ol Am@GEDA; NI K NA
2012; Nachamkinet al, 2008) In order to reduce the risk otampylobacterosis
intervention strategies in bottpoultry farms and processing plansichasthe application

of disinfectants have been proposed. Th&uropean Umin Regulation (EC) No. 853/2004
highlightssubstancessbeingsuitablefor bacterial decontamination aheat producs but
recommended withholding their usentil a riskassessment iprovidedby the EFSALoretz

et al, 2010) The work presented in this thesisoncentrates on the Campylobacter
adaptation studyof disinfectants thatare highlighted by the EU arttie responseof its
genome (inparticular virulence genes) and proteome. However, before shely could
commence the preliminary screening of the initiaCampylobactespp. strains had to be
performed. The research presented in this chapter concentradeon genotypic
characterisationof 17test Campylobacterstrains by PFGE arfth PCRRFLPand their
phenotypic characterisationby the way of minimum inhibitory concentration MIC)
determined for different antibiotics and disinfectans. In addition, as a part othe
phenotypic characterisatignthe time-kill kinetic studieswere carried out in order to

determine effectiveness of antimicrobial ability difinfectans.

All 17Campylobactespp. strains useth this study (13 food isolates and 4 clinical isolates)
were genotypically fingerprinted using Pulsield Gel Electrophoresis (PFGE) fatlyping

in order to discriminateghe various strainghat had been isolatedrom different sources.
These techniques were chosen as theyve beenreported to givegood genetic diversity
among Campylobactestrains isolated both from animals and humaf$iese techniques
are also widely wsed in other studies for straiidentification (Camardaet al, 2000;

Fitzgeralcet al,, 2001; HaretalYX H n n T Tetah 2DL1$ | NB

For Campylobactephenotypiccharacterisationthe disinfectans that arehighlighedin the
European Union Regulation (EC) No. 853/2004, basng suitable for bacterial
decontamination of the meat produst were examined The disinfectans tested were

citric acid (CA), lactic acid (LA), acidified sodium chlorite (ASCHhjisodium phosphate
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(TSPh In addition,the antimicrobial susceptibility testingascarriedout on thefollowing
antibiotics ciprofloxacin (Cipro), nalidixic acid (Nx) and tetracycline, {fig) have been

used for patient treatment wititampylobacteiosis(Ge, 2002)

On the bais of resultsobtained fromthe genotypic and phenotypic characterisatiohthe
initial pool of 17Campylobactestrains 6 strainsnvere choserfor further study. Three food
and three clinical isolatesere selected based ceunique PFGE patterthe MIC value and
the time-kill kinetics todisinfectans. The further study was set upto investigate their
ability to adapt to the four disinfectans. To achieve this, continuous cultures were

performed, where gradually increasimgncentratiors of disinfectants were added.
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2.3. MATERIALS AND METHODS

2.3.1. Bacterial isolates

Initially, seventeenCampylobacterspp. isolates (sixteen C. jejuni and one C. coli were

selected for the study (Table 2.1.). Isolates were collected from food oratlggarcesin

Ireland (from Galway, Belfast and Dublia$ a part o comprehensiveCampylobactespp
epidemiological studySamples were collected monthly from March 2001 to October 2002

Full detailsof sample collection and isolation can be found irPBul Whytd y R 02 f £ S| 3 dzS
publication from 2004. Brieflythe majority of samples were collected frorfarge retalil

outlets (re-packed supermarket produgteind consisted ofchicken, turkey, duck, pork,

beef, lamb, shellfisimussels and oysters) oaw milk In total, 2,391 food samples were

screened for the presence @ampylobacterin addition, during that period samples were

also collected fromhumaw A G K 3+ a G N2 Sy (i SO of thee isoldteQ jvéder NB  H 1
GF1SYy F2NJ FdzZNIKSNJ SLIARSYA2f 23AQ007andRFEGRE O N.
and flaA typing was performed in order tanvestigate the ihks between human and

foodstuff genotypes

In the naming of the strainshé first letter of thed I O S NA& Indicates ywhey e
bacteria was isolated: @om Galway; D from Dublin; B from Belfast, while the second
letter indicates the source:-f6od, Gclinical. Third letterrefers to whether the isolates
were selected on IBCD agaimodified charcoal cefoperazone deoxycholate agaorured
from Mast Diagnostics (M letter) or from Oxoid (O lettefhe strain C. jejuni ATCC
(American Typed Culture Collect)aB3560 was used in this study asentrol reference

isolatefor the antimicrobial susceptibility study
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Table 21. List ofCampylobactespp. isolates initiallused inthe study.

Strain Source Species
2124GF Chicken C. jejuni
1354DF Chicken C. jejuni
1369DF Chicken C. jejuni
1493DF Pork C. jejuni

1147DFM Chicken C. jejuni
1662DF Chicken C. coli
1495BF Chicken C. jejuni
2118GF Beef C. jejuni
1136DFM Chicken C. jejuni
1135DFO Chicken C. jejuni
1318DFM Chicken C. jejuni
1140DFO Chicken C. jejuni
1146DFM Chicken C. jejuni
23GC Clinical C. jejuni
354DC Clinical C. jejuni
301BC Clinical C. jejuni
323BC Clinical C. jejuni
ATCC 33560* Bovine feces C. jejuni

* StrainC.jejuni ATCC 33560 was used as a control referee strainhd@ntimicrobial susceptibility
study only.

2.3.2. Routine bacteriakulture conditionsand storage conditios

The Campylobactesstrains were routinely cultured/subcultured on eith€ampylobacter
blood free selective agar base (Oxoid) blood agar, Mueller-Hinton Agar (LabM

supplementedwith 5% v/v horse bloodGharles River Laboratorietng and incubated
microaerobicaly through the use of a gas generating sachet (BRDa8d in a gas jaat

42°Cfor 48h.

For long term storage, bacteria fro@ampylobacteblood free selective agar baseere

aseptically harvesteih a 1 ml mixture of Tryptone Soya BrottabM and 4Qov/v glycero)

acting as a cryaptectant, and transferred into cryotube Bacteriavere stoed at-806 / @
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2.3.3. PulseFieldGel Electrophoresis

Genomic DNA for PFGE was prepared ff@ampylobactespp. isolates, according to the
protocol described by Ribat al. (2001) Following48 hof incubation under microaerobic
conditionson a Campylobacteblood free selective agar base platells flom the plates
were harvested irB ml of ice cold PETT IV buftéM NaCl, 10nM Tris and 1énM EDTA)
The cell densities were adjusted to McFarlandA61%SeaKerfi Gold Agarose foPulse
FieldGel Electrophoresis (Lonzaasprepared inMilli-Q water and cooled to 58C for 1h
before use.Cell suspensions of 300 wkre pipettedinto eppendorfs containing 700 of
molten SeaKerfi Gold AgaroseThe cells were mixed witithe agarose and pipetted into
5chambers of a plug mould i(BRad) and allowed to set ated/ ThHen he agarplugs were
transferredinto sterilin contiining 3 ml of ESP bufféd.5M EDTA, 1% Sarkosyl Salt and
1 mg mi* proteinase K) The EDTA and sarkosyl salt mixture waskp@l G SR i@ pc 6/
to the addition of the 1 mgml™ Proteinase K(SigmaAldrich) Plugs were incubated
overnightat 56 °C.

Following overnight incubation, the ESP buffer was decanted from the sampleshand
plugs were washed fa20 min, 8 times in 10 ml of TE buffeflOmM Tris and 1mM EDTA

The pugs were stored at 4C in 3 ml of fresh TE buffek.1 mm portion of a single agarose
plug per isolate was carefylcut using a glass coverslifhe porton of plug was restricted

by Smad restriction enzyme (FastDigest, Fermentas) accordinghto manufacturdNI) a
protocol. Following restriction the pluglises were removed from the restriction cocktail
and placed on the comb edgAs amolecularweight marker, ProMega Markes® Lambda
Laddes (Promega)was used. The plugs and markergere sealed to the comb using/dl
SeaKerfi Gold AgaroseThe 1% agarosewas pouredinto the gd tray and allowed to
solidify. 0.5X TBE running buffer was added to the running chamber and allowed to cool

down to 14°C.The gelwas allowed to equilibrate for@min prior to running.

Restriction fragments produced b$md were sparated by PFGE using a CHEF DRII
apparatus (BidRad) at 5.5//cm, ramped from 0.5 to 40@ver 225 hoursat1d / My n®p
TBE buffer (45 mM Tris HCI, 45 mM boric acidnM. EDTA, pH 8.0). Following
electrophoresis, the gel was stained in ethidium broen{@igmaAldrich) ata concentration

of 0.5ug mi* for 25 min and washed in M) water for another 25 min. The image of the

gel was captured and visusdid under UV transilluminatiofts:Box, Syngene)
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2.3.4. flaA PCRRFLRinalysis

The CAMPYNET protocol (http:/campynet.vetinst.dk/Fla.htm) flaA PCRRFLPanalysis
basel on the Nachamkin et al. protocol (1993) with modifications presented in
Nachamkiret al. (1996)was used foPCR amplification of the flagellifta@d). A full loop of

48h bacterialgrowth on Campylobacteblood free selective agar base pla@xoid)was
taken and cells were washed into 1 ml SET buffer (150 mM NacCl, 15 mM EDTA, 10-mM Tris
HCI;pH 8.0) in a 1.5 ml eppendoffllowed by centrifugation at 3000 g for 5min. The
pellet was resuspended i@ 570 yul SETbuffer supplemented withSDS YWR and
proteinase K $igmaAldrich) at a final concentration of 0.% SDS and 10Qug mi*
proteinase K for the cell lysis. After overnight incubatidrb0°C,the protein removalstep

was appliedusing the phenol: chloroform: isoamylalcohol aif ratio 25:24:1 (Sigma
Aldrich)method. DNA wagrecipitated using1/10 volume of 3M sodiunacetate (pH 5.3,
SigmaAldrich),and 2volumes of asolute ethanol (Sigmaldrich) The tubes were placed

at ¢20°C overnightFollowingwashingthe pellets in 70% ethanothe RNA removal sfe

was carried out using RNase, DNé&®e (Rochd. After incubation at 3% /'  Hh thél DN

was allowed to solvate overnight at°@ andwas stored at-20°C. The concentration of
20ng plI™ of DNAfor flaA PCR reaction was usethe final volume of theeaction at 75 pl,
contained 20QuM of each dNTP, a primer concentration of 0.5 fd!( C2 NBGORRY p Q
TTT CGT ATT AAC ACA AAT GABSES @ S NEGTYTA@ TAA TCT TAA AAC ATT TTG),
1X reaction buffer, 2.5 mM MgCind 1.5 units of Taq DNA polymerase. PCR reaction was
carried out at initial denaturation of 92C for 2 min and then cycled 34 times at @ for

1 min, the primers annealed at 48C for 1 min and then the DNA extension stage atG?2

for 2.5 min. A final extension step @ °Cwas carried out for 10 min. Following the PCR
reaction, a purification step was carried owtith overnight incubation at 2rolume of
absolute ethanol and 0.tolume of 3M sodium acetate pbl3 (SigmaAldrich) to prevent
inhibition of the restridion enzyme bythe PCR reaction miXA 5 ul of each purified PCR
product were digested in separate eppendorfs with the restriction enzyrbek
(FastDigestDdd, Fermentas) andHinfl (FastDigestHinfl, Fermentas) following the
manufacturdNIpéotocol. Digestd PCR product was separated on tB% Seakefi LE
agarose gell{onza. Electophoresis was carried out for 90in at 60 V with the gel
contaning ethidium bromile at a concentration of 0.fg mi*. Molecular Weight Marker
XIV (Roche) was used amarker.The image of the gel was captured and visualised under

UV transillumination (G:Box, Syngene).
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2.3.5. Disinfectants

Lowmolecubr weightorganic acidsgitric acid (&; BDH andlactic acid (LASigmaAldrich
were used todetermine theminimum inhibitory concentration (MIC) f@ill tested strains.
In addition sodium chlorite- acidified with 0.16% wi/v of citric acid (ASGigmaAldrich),
and trisodium phosphate (TSPMerck were examined as a chlorifimsed andas a

phosphatebased compoundespectively(Hugas & Tsigarida, 2008)

The disinfectans were tested at the following concentration rangeom 0.015 to 2%in
case ofcitric acid and lactic acjdrom 75 to 1200ug mi* in case ofacidified sodium

chlorite; from 0.04 to 10% in case trisodium phosphate
2.3.6. Antibiotics

Ciprofloxacin (Bayer Schering Pharme), tetracycli@gniaAldrich and nalidixic acid
(SigmaAldrich were selected as representatives of the fluoroquinoline, tetracyclines and

quinolone agents, respectively, in orderdetermine the MIC value for all tested strains

The antibiotics weretested at a concentration rangérom 0.004 to 4 ug mI* for

ciprofloxacin,from 0.015 to 128ug mi* for tetracycline androm 0.06 to 128 ug ml™ for

nalidixic acid

2.3.7. Antimicrobial susceptibility testing MIC

The a@ar dilution procedurewas carried out as approved by the CLSI (Clinical and
Laboratory Stadard Institute, formerly NCCL# order to determinethe antimicrobial
susceptibilityof Campylobactespp. todisinfectans and antibiotic§ CLSI, 2002Pure18h
blood agar culture was used to prepare culture for antimicrobial susceptibility testing.
Phosphate buffersaline (PBS, Oxoid) was inoculated with this culture to give inoculums
with an equivalent celtlensityto a 0.5 McFarland turbidityMueller¢Hinton agar (MHA,
LabM) plates supplemented with 5% horse blood (Charles River Labesatac.) and the
approptiate concentrations of amicrobial agent (disinfectant or antibiotic) were
preparedand inoculated with100ul of the Campylobactercell suspensionsThe plates

were incubated at 42°C undemicroaerobicconditionsfor 48h. Theantimicrobialplate on
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which no growth was observed was recorded as the minimum inhibitory concentration
(MIC) for that antimicrobial agent for that strai@ampylobactefejuni ATCC 33560 was
used as areference control(CLSI, 2002Each experiment wasdependently repeated

twice, in duplicateswith two separate48 hCampylobactecultures.

2.3.8. Timekill kinetics

In order to establish the percentage survival of bactexiter exposureto the different
disinfectans at their MIC and above MIC value, viable counts were perforniachekill
kinetics were performed for 11 selectedCampylobacteiejuni strains (2124GF, 1354DF,
1369DF, 1147DFM, 1136DFM, 11B&D 1140DFO, 1146DFM, 23GC, 84801BC)An
overnight culture was takefrom a Campylobacteblood free selective agar base plaad
a 0.5McFarlandbacterial cell suspension in MHB wasepared. An appropriate dose of
disinfectantwas addedto the broth culture. At time zero, just before additiorof the
disinfectant and then after5, 10, 20 an@0 min and therafter 1, 2, 3 and 24 hsamples
were removed for colony countsCollected amples wereserially diluted 1€fold in
phosphatebuffered saline (PBS) pH 7.8nd 100ul of each dilution wasplated onto
Campylobacterblood free selective agar bas@ disinfectantfree growth control was
includedfor each strain Thebacteria were counted after 48 incubation at 42C under
microaerobic conditionsand the timekill kinetics were plotted as percentagaurvivalover
time. A lactericidaleffect (99.9% kill) is defined as d@® decrease irCFUmI™* (equivalence
to 100Gfold reduction) (CLSI, 1999Fach experiment was repeated twige duplicates

(n=4).
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2.4. RESULTS

2.4.1. PulseFieldGel ElectrophoresisPFGE

In this study,PFGE typing was carried out @7 Campylobacterspp. strains (13 food
isolates and 4Zlinicalisolateg. PFGE typinglemonstrateda high level of discrimination
between strains.In total, 12 different patterns were identified among 15 strains where
PFGE was successfully achiew@dure2.1. showsghe results offourteen C.jejuniand one

C. colipattern obtained as a parof the genotyping studyTwo C.jejuni straing 323BC and
1495BFdid not reveal anyPFGE patterrfresults not shown)Most probably, these two
Campylobactejejuni strains wereDNae-positive thusdegradng their chromosomal DNA
during standardpreparation procedures.The gnotype pattern ofstrains C.jejuni 2124GF
(lane2) and C. colil662LCF (lane 6)were found to be the same followingsmad digestion As

it turned out later C.jejuni 2124GF was a mix cultur€. jejuni strains 1493BKlane 4)
1140DFJlane 12)and 1146DFMlane 13)shaed the same patternA \ery similar @ttern
(similarity in 80%})as also observed fatrains 1318DFMlanell) and 2118GF (lane)9
The PFGE pattesrfor the remainng strainswere found to be uniquefor the particular
isolate. The percentage of similarity betwe&bampylobactePFGE patterns is presented in

the Section 2.6. Supplemental materials, Figure S2.1.

bp 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
1000 —»

350 —>

50 —»

Figure 2.1.PulseField Gel Electrophoresis results of DNA extracted f®@njejuniC. coliand
digested with Smd. In lane 1-Molecular MarkefProMega Markers Lambda LaddeBs2124GF,
3-1354DF, 4-1493BF, 5-1147DFM, 6-1662DF, 7-23GC, 8-354D0C, 9-2118GF, 10-1135DFO, 11-

1318DFM 12-1140DFO13-1146DFM,14-1369DF,15-1136DFM,16-301BC,17-Molecular Marker

ProMega Markertambda.
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2.4.2. Restriction Fragment Length Polymorphism Analysis of P@fplified
Flagellin Genedlg PCRRFLF

The subtyping techniqueRestriction Fragment Length Polymorphissh PCRAmplified
FlagellinA genelocus(flaA PCRRFLE was also carried out on all te€ampylobactestrains
using Ddd and Hinfl digestion Figure 2.2. presents patterns followingdd restriction
enzyme digestionDdd digestionproduced betweem and 6 bands In total 14 different
patterns from 15 strainswere successfully analyseBesultsobtained demonstrae wide
phenotypic variety amon@ampylobactestrains.Only two strainsC.jejuni strains1662DF
(lane 12) andl146DFMlane 2)revealed the sam@aA pattern. Very similarflaA patterns
(similarity in 75%jJollowing Ddd digestionwere found instrains1147DFM(lane 16)and
23GC(lane 4) TheflaA pattern for the remaiing strains, was found to be unique for the
particular isolate.The percentage of patterns similarity betwedme CampylobacteflaA
genedigesed by Ddd restriction enzyme is presented in the Section 2.6.pBmental

materials, Figure S2.2

bp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 151

100 —»

Figure 2.2FlaAPCRRFLRyping results afteDdd enzyme restriction digestion. In laieMolecular
Weight Marker XI\V2-1146DFM,3-1135DF04-23GCph-1318DFM6F-2118GF7-1354DF8-1136DFM,
9-1369DF,10-1493BF,11-354DC,12-1662DF,13-1140DF0,14-301BC,15-2124GF,16-1147DFM,
17-Molecular Weight Marker XIV.

Figure 2.3. presens the flaA PCRRFLP typingatterns achieved afteHinfi digestion.
Digestion by this restriction enzyme produced between 2 and 4 balmdgotal, only
7 different patterns were observed Strains1146DFM (lane 2)354DC (lane 11), 1662DF
(lanel2), 1493BF (lan&0), 301BC (lane 14), 2124GF (lane 15) and 1147DFM (laa# 16)
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revealedthe same patternA smilar pattern, wasachievedfor strains1318DFM(lane 5),
2118GF (lane)@and1140DFO (lane 13however, the molecular size of thebtainedbands
were found to be at different leves. Strain 1135DFO (lane, 3train 1136DFM (lane &nd
strain1354DF (lane #evealedaunique pattern characteristiconlyto this particularstrain.

In the case ofstrains23GC (lane 4) and 1369DF (langi$) patternsobtainedwere found

to be very similar(similarity in 85%and contaired 3 and 4 bandsrespectivelyfollowing
Hinfl restriction enzyme digestio To conclude,PCRAmplified Flagellin A gene locus
digestion byDdd restriction enzymegave better differentiation between Campylobacter
genotypes than by Hinfi digestion The percentage of patterns similarity between
CampylobacteflaA gene digestion byHinfl restriction enzyme is presented in the Section

2.6. Supplemental materials, Figure S2.3.

bp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1t

Figure 2.3FlaA PCRRFLRyping results afteHinfl restriction enzyme digestion. Inda 1-Molecular
Weight Marker XIV2-1146DFM,3-1135DF04-23GC5-1318DFM6-2118GF7-1354DF8-1136DFM,
9-1369DF,10-1493BF,11-354DC,12-1662DF,13-1140DF0,14-301BC,15-2124GF,16-1147DFM,
17-Molecular Weight Marker XIV.

2.4.3. Antimicrobial susceptibility testing: agar MIG for disinfectants and

antibiotics

In order to phenotypically characteris€ampylobacterstraing agar MIC (minimum
inhibitory concentration)for disinfectans and antibiotics were carried auAgar MIC values
tested for different disinfectans for all Campylobacterstrains, were low with values
between 0.1250.25% recorded for both CA and L3Q0-850 ug mI* for ASCh and 05
2.5% br TSPH{Table 2.2.)With regard tothe antibiotics, the agaMIC values for thatrains
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were much moredifferentiated and varied The MIC valuedor tetracyclinewere between
0.125128ug mr*, while the MIC valuesfor nalidixic acid and ciprofloxacirespectively
were obtainedbetween0.5>128 ug mr* and between<0.00025128ug mi*. Threestrains

C.jejuni2124GFCjejuni 1369DFand C.jejuni 1135DFQrevealed lowsusceptibility tosome
antibiotics With regards to C.jejuni 2124GF, the straihad anMIC at >12§ig mr* for Tc
StrainC.jejuni 1369DMad anMIC value for Nx at 128y mr?, while C.jejuni 1135DF(had
analL/ @I fdzS I { xmRepultstoaiNad bbiEsraih ¢ jBjuni1354DNsRowed
it to be highly susceptibl® ciproflaxacin, with arMIC below 0.0002fig mi* (Table 2.2.)

Table 22. Minimum inhibitory concentratioa(MICs) of the 17 tes€ampylobactespp. isolates.

Agar MIC value for disinfectants Agar MIC value for antibiotics
Strain ASCh Tc Nx Cipro
CAD%] LA [ng mi] TSPh %] [ng mi] [ng mi] [ng ml]
2124GF 0.125-0.25 0.25 500 0.6-1.25 >128 8 0.125
1354DF 0.25 0.25 850 0.3 0.25 0.5 <0.00025
1369DF 0.25 0.25 850 1.25 2 128 4
1493DF 0.25 0.25 500 0.6 0.25 8 0.06
1147DFM 0.25 0.25 850 1.25 0.125 4 0.06
1662DF & 0.25 0.125 850 2.5 1 8 0.125
23GC 0.25 0.125-0.25 500 0.3 0.5 a4 0.125
354DC 0.25 0.125 850 0.3 0.25 4 0.25
301BC 0.25 0.125 500 0.6 0.25 8 0.125
2118GF 0.25 0.25 850 1.25 0.25 4 0.125
1136DFM 0.125-0.25 0.25 500 0.3 0.25 2 0.06
1135DFO 0.25 0.25 850 0.3 0.5 >128 128
1318DFM 0.125-0.25 0.25 850 0.15 0.25 1 0.03
1140DFO 0.25 0.125 850 0.3-0.6 0.5 4 1
1146DFM 0.25 0.125 500 0.3 0.25 4 0.125
323BC 0.25 0.25 850 0.3 0.5 8 0.125
1495BF 0.25 0.25 850 0.3 0.5 4 0.125
ATCC33560" 0.25 0.25 850 0.3 2 8 0.25

CAcitric acid; LAactic acid; ASChcidified sodium clorite; TSPHrisodium phosphate; Tc
tetracycline, Nxnalidixic acid, Ciprgiprofloxacin.Asterisk(*) indicates strain C.jejuni ATCC 33560
that was used as a control referee strains for antimicrobial susceptibility study only.
§ Campylobactecoli isolate, while the remaining strains ar€ampylobacteijejuni. A Blue colour
indicates isolates selected for tirkdl kinetics study, see Section 2.4.4.

Each experiment was independently repeattudce in duplicates(n=4) If the results obtained
varied, therange of the MIC valgare presented.

In the Table 2.2., strains highlighted lnfue were chosen forfurther study on time-kill
kinetics, investigating the effectiveness dikinfectans in Campylobactereduction. The

reasondor selectngthese strains have been described below in Section 2.4.4.
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C.jejuni ATCC 3356Was used as quality controlstrain asapproved by theCLSfor agar

dilution methods(CLSI, 20027ccading to CLSthe MIC for this straishould bebetween

0.125%1 g mi* for Cipro; 832ug mi* for Nx and1-4 Mg mi* for Tc In this study, the MIC
for C.jejuni ATCC 33560 was obtained at O.2p mi* for Cipro; 8ug mi* for Nx and

2 g ml™ for Tcand were within the MIC tolerance range indicated@lyS(CLSI, 2002)

To conclude the range of MIC valuesf the 17 studyCampylobacterstrains for the

disinfectans were notasvariedin comparisorto the MIC walues forthe antibiotics.
2.4.4. <lectionof 11 Campylobactespp.strains forthe time-kill kineticsstudy

Genotypic and phenotypic screeninga number ofCampylobacteisolates wasisedas a
initial part of this studyn orderto identify differences betweerstrainsand to select strains
with differences in genomeand MIC values to theest disinfectans and antibioticsOn the
basis of theresults,a selection ofll strainswere chosenfor the nextpart of the study,
which was to determine thekilling effectiveness ofdisinfectans (time-kill kinetics)
Campylobactestrains witha unique PFGE pattern was selectied further study. Where
two or more strains posseedthe same PFGE patterthen the fla PCRRFLResultsand
the MIC valuewere consideredThe final call was made on the basis of the antibiolt€s,
asthe MIQQ dalues for disinfectans were determined at narrow range for all test strains
Strains witha much higher antibiotioMIC value comparal with the antibiotic€MIC for

referencestrainC.jejuniATC@356Q were preferredfor further study:.

Two strains,323BC and 1495BRvere rejected due to difficultiedn obtaining their
genotype, possilyl caused by DNase activitg. jejuni strains 2124GF and 1662DF had the
same PFGE aradifferent Ddd patterrs. The tetracyclie MIC for 2124GF and 1662DF at
>128ug mi* and lug mi* was obtainedrespectively.Due toa high MIC value fostrain
2124GF, this strain was chosen fioe disinfectanttime-kill kinetics studyln anotherset of
strains with the same PFGE pattdantiude 1493DF, 1146DFM and 1140DH®eir Ddd
patterns were found to bedifferent, and their MIC wastaken into consideration The MIC
valuesfor ciprofloxacinwere similarat 0.06; 1.0; 0.12%g miI* for 1493DF, 11400Fand
1146DFM, espectively. &r Tcthe MIC values were also similar@R5ug mi*; 0.5ug mi*;
0.25ug ml?, respectivelyandfor Nx8 ug mi*; 4ug mi; 4ug mi?, respectivelyDue to lack

of variation in MIC value$or these strains, it was decida@ndomly that only C. jejuni
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strains 1140DFCGand 1146DFMvould beselected forfurther study. Due to similarity in the
genome and MIC values of strains 2118GF and 1318DFM, they were excludddrtham
study.

From an initialpool of 17 Campylobacterspp. strains, 11 isolates were selectédr the
time-kill kinetics study. Thes€.jejuniisolates were: 2124GF, 1354DF, 1369DF, 1147DFM,
23GC, 354DC, 301BC, 1136DFM, 1135DFO, 1140DFO, 114tawie 2.2., strains
highlighted inblue). As onlyC.jejunistrains were chosen fdurther study, in order to avoid

repetitions, only the number of the strain might be given.

2.4.5. Timekill kineticsdisinfectants againsi.1 Campylobactejejuni strains

ElevenCampylobacteifejuni strains were used to study the bactericidal activity of citric
acid, lactic acidacidified sodium chloriteand trisodium phosphateEachCampylobacter

strain was testedat the MIC concentration ansupraMICvalue.

2.4.5.1. Timekill kineticsof citric acidagainst Cjejuni

The citric acid (CApgar MIC value for the selected Campylobacteliejuni strains were
obtained at 0.25%, with the exception of two isolates, 2124GF and 1136DFM, where the
MIC valusrangedbetween 0.1250.25%(see Section 2.4.3.).

Figure2.4. presens results of bacterial survivalipon exposurego 0.25% and 0.5%Aas
plotted as percentage survivalover time. When timekill kinetics experiments were
performed for 0.125% ChAacterial growthwith counts above 10° CFUmI™ were still
detected for all isolatesafter 24 h disinfectantexposure A two-fold increase ofthe
antimicrobial concentrationto 0.25% CAresulted in a significant decline in bacterial
survival.Cell exposure to 0.25% of @& 50min resulted ina 50,006fold reduction for
strains2124GFand 1369DHFigure 2.4. AA smilar result wasbservedfor strain 1354DF,
where 60 min exposure t00.25%CAresulted ina 10,006fold reduction Srains, 23GC,
1140DFO, 354DC add47DFM werdesssensitiveto 0.25% CAreatment, comparedto
the strains described aboyend a 500,006old reduction was observed following 18in
of incubation Only a 10-fold reduction for two strains1135DFO and 136DFM following
120min incubation at 0.25%f CAwas observedHowevera greater reduction atLl00-fold

and1,000fold respectivelyfollowing 120min for 1146DFM and 301B#&ere found.
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An ncrementl increaseof citric acid concentration up to 0.5%sulted ina decreasein
bacterial survivafFigure 2.4. BWithin 15 minexposure t00.5% CAnalmost100,0006fold
reduction was achiewfor strains 1147DFM and 1369D#hile for 1354DF strain a 50,600
fold reductionwas observedfter 20 min 0f0.5%CAtreatment. Strains, 2124GF, 1146DFM
and 1135DFO showetietween a 1,000fold and 10,006fold reduction following 40 min
exposure 100.5% CAWith regard tostrain 23GC onla 100fold reduction was obtained
after 60 min ofexposue to the disinfectant whilefor the isolates:1136DFM1140DFGnd

354DF a 100,06fld decreasavas observedollowing 60min of exposure

Exposure to 1% CA, was more dramatic in its antimicrobial effect, with more ahan

100,000fold decrease in bacterial survivors observed after 5 min exposure.

Control testswere carried outin the absence oflisinfectantfor eachof the tested strairs.
The percentage survival oscillated between 105% and 8B%rder to ensure better
readability of the graphsthe controlwas shovn only forthe 2124GFstrain, not for all

11lisolates.

73



Results Chapter 2

The percentage survival of different Campylobacter jejuni strains
exposed to 0.25% CA

23GC
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2124GF
1369DF
1354DF
301BC
1146DFM
1140DFO
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1147DFM
1135DFO
Control

Survival (%)
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The percentage survival of different Campylobacter jejuni strains
exposed to 0.5% CA
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Figure 24. Timekill kinetics forCampylobactespp. strainsexposed t00.25% of CAGraph A) and
0.5% of CAGraph B). Error bars indicate standard deviation. In some cases they are present but
cannot be seen.

74



Results Chapter 2

2.4.5.2. Timekill kineticsof lactic acidagainst Cjejuni

The agar MIC values for lactic acid (LA),ther selected 11Campylobactejejuni strains
were obtained at 0.25%, with the exception of strain 23GC, where the MIC was detected
between 0.12850.25% (see Section 2.4.3.).

Figure2.5. below, presents the time kikinetics forLAat MIC value of 0.25%nd at 2-fold
above. For strains 23CG and 1369DF, 100,000fold decreaseof bacteria counts was
observed following 20 min incubatiom the presence of 0.25% LA, whiler 2124GF a
50,000fold reduction was obtained(Figure 2.5. A)Reduction ata level of 50,0006fold;
10,000fold and 1,000fold for 301BC, 1146DFM and 1354@@&s achievedrespectively
after 40 min of exposure to thdisinfectant Strain 1140DFO was able to suriiwegerand

areduction at 50,0060ld was not observed until 12@in of thedisinfectantexposure.

Doubing of the LAconcentrationresulted ina reduction of timekill kinetics(Figure2.5.B).
Lactic acid at a concentration of 0.5%, showed a redudtipnl®,000fold for 23GC,
1147DFM and 354DfRfter 10 min incubation. The remaining strains demonstrated
10,000fold or 100,00Gfold reduction following 5 min ofdisinfectant exposure. These
results when comparedto CA resultsvhere a concentration 0f0.5% wasused suggest
thatlactic acid could be a bettedisinfectant in terms of antimicrobial activityfor
Campybbacter spp. The range of time, whera 100,000fold reduction for 0.5% CA was

observedwas between 150 min, whereas for L& wasbetween 510 min.
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The percentage survival of different Campylobacter jejuni strains
exposed to 0.25% LA
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The percentage survival of different Campylobacter jejuni strains
exposed to 0.5% LA

10001

23GC
1136DFM
2124GF
1369DF
1354DF
301BC
1146DFM
1140DFO
354DC
1147DFM
1135DFO
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Figure 25. Time kill kinetics foCampylobactespp. strainsexposed t00.25% of LAGraph A) and
0.5% of LAGraph B). Error bars indicate standard deviation. In some cases they are present but
cannot be seen.
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2.4.5.3. Timekill kineticsof acidified sodium chloriteagainst Cjejuni

The agar MIC for acidified sodium chlorite (ASChjHerll selectedC. jejuni strainswas
between 500850 ug mi*.

The effectiveness of ASCh in Kkilligampylobacter strains was studied at two
concentrations 850pg mi* and 1200ug mi* (Figure 2.6.). When exposed to the
disinfectantat a concentration of 85Qug mi*, a 100000fold reduction in survivors was

observed for the strains between 20 min to 60 min exposure.

Duringthe investigation othe time-kill kinetics for 120Qug mi* of ASCh, 16nin exposure
to disinfectantreduced bacteriaounts by50,0006fold for 1140DFO, while 20 min exposure
resulted in a 10,000fold decease for 1146DFM and 1147DFMhe remaining strains
showed areduction of between D0- and 100,006fold following 30min incubationin the

presenceof disinfectant with the lowestincreasefor 354DC and 1135DFO isolates
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The percentage survival of different Campylobacter jejuni strains
exposed to 850 ug mi™ ASch
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The percentage survival of different Campylobacter jejuni strains
exposed to 1200 ug ml™ ASCh
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Figure 26. Time kill kinetics foEampylobactespp. strainexposed taB850ug mi* of ASChGraphA)
and 1200pg ml* of ASCh@raph B). Error bars indicate standard deviation. In some cases they are

present but cannot be seen.
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2.4.5.4. Timekill kineticsof trisodium phosphateagainst Cjejuni

The agar MIC for trisodium phosphate (TSPh)Herll selectedC.jejuniisolates vaied
from 0.3% to 1.25%ependngonthe strain tested (see Section 2.4.3.).

Figure2.7. presents results for tim&ill kinetics for 0.6% and 1.2% of TSFR®0,Q0Gfold
reduction after ® min exposureto 0.6% TSPh was ahsed for 114DFM, while for
1140DFQhe same fold reduction was observed followid@ min Three strains: 1354DF,
1369DF and 1146DF#howeda 100,006fold reductionfollowing 60min incubation, while
remainingstrainsobtaineda reduction of10- and 106fold following the same incubation

time (Figure 2.7. A)

A 2-fold increag of TSPh concentratidlo 1.2%resultedin a significant decreasef time-

kill kinetics. Seven ofhe tested Campylobacterjejuni strains: 301BC, 23GC, 2124GF,
1146DFM,1140DFO, 354DC and 1147DFpwed a 50,00Gfold reduction following
10min exposure(Figure 2.7B). In the case of thd369DF, 1136DFM and 1354DF isolates,
this level of reductiorwas achieved after 18nin of incubation. Strain1135DFO endured

the longest witha 10,000fold reduction obtained following 2fhin of incubation.
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The percentage survival of different Campylobacter jejuni strains
exposed to 0.6% TSPh
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The percentage survival of different Campylobacter jejuni strains
exposed to 1.2% TSPh
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Figure 27. Timekill kinetics forCampylobactespp. straineexposed t00.6% of TSPHG(aph B) and
1.2% of TSPI&Xaph A). Error bars indicate standard deviation. In some cases they are present but
cannot be seen.

To conclude, the timkill kineticsresults for the tested strainaere depene@nt on the type
of disinfectant used and its concentrationlt was also strain specific as the tested
disinfectants that belong to the same groug weak organic acids: CA and, lgfave
different results forthe survival abilityof isolates Strains that revealed better ability to

survive the presence of CAid not necessarily shovbetter survival to LAThe timekill
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z

kinetics for the four disinfectants that were perforiRe | i G KS o0 OlsBoNddl f a L/
that these concentratiosof disinfectants were not sufficient to kill bacteria or reddbem
during shot periods of time. The application of higher concentration of disinfectants

however,resulted inadecrease of the timill of all strains tested

2.4.6. Final selection of sixC. jejuni strains for the longterm disinfectant

adaptation study

From the poolof 11 Campylobactejejuni strains selected for the timé&ill kinetic study six

of them were chosen folongterm disinfectantadaptation studies. In thisesearch the
Campylobacterstrains were exposed to incremental concentrationsdiginfectant over
multiple generatims using a chemostat technique, whetteeir ability to adapt to and
survive thedisinfectans was determined. The results are presented in the next chapter
(Chapter 111).

The same amount of food and clinical isolates were selefedurther study. All three
clinical C jejuni strains: 301BC, 23GC, 354DC were chosen. The choice of the remaining
three strains was determined on the basis of their tikik kinetics and the antibiotics
MICs.Among the strains testeéh the timekill kinetics study those that were either a
sensitive or tolerantto the disinfectans were selectedIn addition, thechoice of the
selected strainsvas supplementedwith the information aboutthe antibiotics MICIt was
decided that one strairwith a highlevel of antibioticresistance and two strains with a
common MIC value would be selectetihus the following strains: 2124GF, 1136DFM,
114MDFO, 301BC, 23GC and 354&@: chosen fofurther study. These strains were used

as a baseline reference point fahe adaptation studies of disinfectants ad for

investigatihg possible antibioticrossresistance.
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2.5. DISCUSSION

PFGE is considered to be a gsidndard method in epidemiology. This typing technigsie
commorly usedto investigateCampylobacteoutbreaks throughidentifying a sourceof
infection (Clarket al, 2003; Hannineret al., 2003; Olseret al., 2001) It has also been
appliedin monitoring critical pointsof cross contaminationin farms andin processing
plants (Hanssoret al., 2005; Pottiri-Venkataet al, 2007) fla-RFLP is also widely used as
a typing method and discriminaés well between isolates butdue to intergenic
rearrangements in théla genes, this method could not have been used by it§&dtersen

& Newell, 2001) Usually,fla-RFLP and PFGE are used togetherCampylobacterspp.

identification.

In this study PFGE anflaA PCRRFLP wer usal for genotypiccharacterisation of &et of
17 Campylobacterspp. strains, 13 poultry and 4 clinical isolates These genotyping
techniguesallowed the genetic fingerprining of the test strains and bth of them gve a
good levelof discriminationbetween isolates although they diffeed in experimental
approach.In PFGE, the whole genome was digddiy the Smd restriction enzyme, while
in flaA PCRRFLRyping only one locus, thdlaA gene, was digesteither by Ddd or Hinf.
These subtyping methodaere used in this study as théyave been found to be the most
suitable methods forCampylobactergenotypingand havebeen widely used in other
studiesfor strain characterisatioffCamardaet al., 2000; Fitzgeralét al., 2001; Haret al,,
HANTT é&tal] 2011 ;NIet al, 2003) Froman initial pool of 17 strains, 15 of them
were successfully identifiedwo of the C.jejuni strains, 323BC and 1495BF, did not reveal
any PFGE anfia-RFLP pattern during a standard preparation proceditrés likely that

these strains were DNagmsitive.

Besides genotypicharacterisation, phenotypicharacterisatiorof Campylobactespp.was
also performed.In order tophenotypi@lly characterisehe initial pool of Campylobacter
straing the minimum inhibitory oncentration MIC) for four test disinfectans namelyCA,
LA, ASCh and TSPh was carried Doedisinfectans used in this study are highlighted in
EU Regulation No. 853/2004 as suitable for poultry decontamination. Tdiesd#ectant
were chosen, aghe work presented here ignainly facused oninvestigatingthe risk
assessment conducted witiegards to their application asa decontaminant in farms anih

processing plantsThe esults obtained fodisinfectantsuseptibility testing showedhat
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each of the testd disinfectans was able to inhibitCampylobactegrowth almost at the
same concentration.The narrow range oflisinfectant concentration that inhibis the
bacterial growth suggestthat disinfectant application for decontamination purpose
should effectively reducethe different strains of Campylobacter This makes the
disinfectans a potentially good antimicrobial agerithe MIC for antibiotics Tc (tetracycline
group), Nx (quolone group) and Cipro (fluoroquolone group), that have been used for
patient treatment with campyldacteiiosis (Ge, 2002; Pichat et al., 1986) were also
investigated. Theasults obtained showed that the MICs ftest antibiotics varied and
were strainspecific ThreeC.jejunistrains, out of thirteen food isolates, were found to be
highly resistahto one or two antibiotics teed, while all four clinical isolates revealed
common MIC values that have been obtained e majority of the testCampylobacter

strains.

The timekill kinetics, investigating the effectiveness GfA, LA and TSRihvreduce bacteria
were performed at concentration of MIC value arsib-MIC. Increasggthe concentration
of disinfectant resulted in a decreasein the time taken to reduce the level of
Campylobacter The concentratiors of disinfectans analysed were lower in those
recommended by EFSAr poultry farms andfor processing plants decontaminatioifhe
CA and LA were tested at 0.25% and 0.5%, whike recommended dose for
decontamination purposeis 2%. However, when the tirdall kinetics were performed for
1% CA, within Ein a reductio by 5log wasobservedfor all strains. Irthe case of TSPh,
tested doses were at 0.6% and 1.,2#hile concentrationtypically usedor poultry carcass
decontaminations 86-12%(EFSA, 2005

The study btime-kill kineticsfor ASCh was carried out for 8a§ mi* and 1200ug mr* (the
MIC wasdetermined between 50@50ug mll). According tothe results obtained¢ an
application ata concentration of 120Qug mI* ASChstill resultedin a goodCampylobacter
survival.A typical dose usedfor Campylobactedecontamination isbetween 500ug mr*
and 1200ug mi* (EFSA, 2005This suggestthat the application of ASCh at 12(@ mr*
might not sufficiently reduce theCampylobacterlevel However, the effectiveness of
acidfied sodium chlorite is dependemn the concentration of citric acigo that ASCh is
activated.During the course of thistudy, he concentration of Cfor ASCh activatiowas
used ata lower concentration tha its recommended for decontamination in farms and

processing plants. The application afower concentration of CA resulted in decreasing
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ASCh activityAs a result bit, this disinfectant (ASChpossesseda reduced ability of
bacterial decontamination as its activity is a summary of decontamination properties
associated witHow pH @ueto addition of CA) anevith oxidative stressdue to release of
HCIQ).

Analysis of the timkill kinetics study for strains with high MIC value for antibiotics (2124GF
1354DFand 1135DFO) ia majority of casedid not show better survival compadéo the
remaining test isolates. Onlg.jejuni 1135DFQwhich reveakd anMIC above 128ug mi*

for Nx and at 128 pg mifor Cipro showed slightly better survivat 850 ug mt and
1200ug mi* ASCh as well as to 1.2% TSPh. Shigeststhat the disinfectantsused
effectively inhibitCampylobactegrowth independently to & antibiotics MICs.

This initial screening d@ampylobactespp. allowedamiliarisation withthem in their wild
type state, beforethe study onCampylobactendaptationto disinfectant was processed.
Investigation,if disinfectans produce stronger and more pathogenic phenotypesms
carried out in a longerm chemostat culturechallengedwith disinfectant The method and

the resultsare described in the next chapter (Chapter IlI).

In addition, this initial screening allowdke sdectionof a set of6 straing amongan initial
pool of 17 for further study. Ths reductionin the numberof test strains had to be carried
out asstudies onadaptationto four disinfectans were time-consuming. The lonterm
culture with disinfectant challenge was carried out between 84518 (35.5days) and
1847.8h (77days). This lonterm culture was required aSampylobacters a slow-growing
organism. The time thathe bacteria neeéd for a quantity to doublewas 40h. Each
chemostat run took approximately 3 months to complete due to dmnplexnature of

campylobactes.

To concludethis initial study allowedfor the genotypicfingerprining and phenotypic
characteriing of Campylobactespp. andfor the chasen representative Campylobactefor
the disinfectantadaptation study. Furthermorehe results obtained in this chapter have
been used as hasic reference point regardingarent strains. Any changes in strains that
have beenobtained from thedisinfectantadaptaion study, presented inthe following
chapters,havebeen compared with thge wild types.In addition, a crossesistance study
to antibiotics, betweenthe wild types andthe phenotype strains obtained fromthe

adaptation studyhasbeen investigated.
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2.6. SUPPLEMENTAL MATERIALS
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Summary Chapter 3

3.1. SUMMARY

Campylobactdosis is mainly associated with the consumption of contaminated,
undercooked poultry produst To reduce the number of cases inducedchgnpylobactes
different strategies at the poultry farm anthe processing plants have been generated.
Besides fundamentaiethods of inhibiting and spreading the contaminati@HP and
GMP) other solutions likethe application of differentdisinfectans has been taken into
consideation. However, at the moment in thEUthe useof substance®ther than potable
water, with the exception of lactic acidre notcommercially approvedefore approval of
these substancesa risk assessmenhas to be carried outo determine if exposure of
pathogenic bacteriaand among thenCampylobacterto subrinhibitory concentrations of
these disinfectans affects theivirulence During disinfectionthe process mayot always
be performedadequatelyor organic debris mainactivateof the disinfectant Bacteriathen

as a result of exposur® sublethal concentrationsmay survive and adapt after repeated
exposure.The use of subnhibitory concentration ofdisinfectans affect in decrease of

their susceptibilityhas been showin other bacterial pathogens

Work presented here, investigatghe effect oflong-term exposure tacitric acid(CA) lactic
acid (LA) acidified sodium chlorite (ASCh)and trisodium phosphate(TSPh) on
Campylobactesurvival andadaptation and also toantibiotic crossresistance Longterm
exposure to thedisinfectans was performed using continuous culture conditions in a
chemostat. Qltures wereinitially grown atsub-inhibitory levek of disinfectantand then
incrementalconcentrationsof antimicrobial agent wergraduallyadded.Srains challenged
with citric acid grev continuouslyat the MIC value andip to 1.4-fold and 2-fold abovethe
MIC valuedepends on the test strajna strain challenged withlactic acid grer at
concentrationsup to 2-fold above the MIC value; strairthallenged withacidified sodium
chlorite grav at concentrationsup to 4-fold and 8fold above the MIC valuén the case of
trisodium phosphateCampylobactefailed to grow at their MI@oncentration The strains
obtained from the chemostatrials were also investigatedo determine if acquired
resistance to thesdisinfectans provided crossprotection against the activityfantibiotics
tetracycline (Tc) ciprofloxacin(Cipro) and nalidixic acidNx) Dependng on the strain
tested andthe disinfectantused, bacteria obtained from the chemostat culture increhse
or decreasd its MIC valusfor the antibiotics. In additiomalterations intime-kill kinetics of
Campylobactestrains challengedavith the different disinfectans in the chemostatwere

performed.
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3.2. INTRODUCTION

Poultry and poultry products are considered to the main source o€ampylobactefood
poisoning(MacKicharet al., 2004) In order to reduce the level @dmpylobacteiosiscases
different strategiesto preventthe spread of contamination in poultry farms and processing
plants have beenrecommended (Lin, 2009) The main strategies concentrate on
maintenance of biosecurity, good hygienpractices (GHP)and good manufacturing
practices (GMP)Extended interventions likethe application of physical, chemical and
biological treatmentshave also been consided (Hugas & Tsigarida, 2008; Loretzal.,
2010) According to Directive 71/11&C,in the European Unioithe useof substances
other than pdable water are not permitted(Del Rioet al., 2007; Loretzt al., 2010.
HoweverEURegulation (EC) No. 853/20C&ying down specific hygiene rules for food of
animal origin highlights chemicals that might be used for bacterial decontamination of the
meat producs but recommend withholding their use util a risk assessamt is providedby

the EuropeanFood Safety Authority and approved byhe European Commissighoretz et

al.,, 2010) The aim of thisrecommendationis to maintain thefundamental hygieric
practisesrather thanopting for the use ofntimicrobialsthat mayhide human errowor lead

to alack of proper training for personnelhe European Food Safedythority (EFSA) with
the Scientific Committee on Veterinary Measures Relating to Public Health (SCVPH)
reported that carcass decontamination lmjtric acid, chlorine dioxide, acidified sodium
chlorite, trisodium phosphate and peroxyacids has no toxidobdgisk to human health

(EFSA, 2005

Before thesedisinfectans are approved bythe European Commissionpn addition to
determiningtheir decontamination effectiveness risk assessmenin how the useof sub-
inhibitory concentrationsof these antimicrobialagents affect bacterial pathogenruience
alsohas to be investigatedrhe studies oibacterial response mechanisms to antimicrobial
agentsplay a crucial roleas there is a high risk, thapplication ofinappropriate doses
mayproduce more virulent tsains. It has been shown in other faeborne pathogens
(Salmomlla enterica Escherichia cgli that the use of subnhibitory concentratios of
disinfectans leads to their adaptationand crossresistance to other antimicrobials,
(Braoudaki & Hilton, @04; Braoudaki & Hilton, 2004; Katzaset al., 2007; Whitehead
etal., 2011) The studies on adaptation and crassistance todisinfectans areof great
significanceespeciallydue to the factthat the antimicrobial mechanisms dafisinfectant

action, that alter the pH othe environment,are not fully understood due ttheir complex
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nature. To date the use of lactic acid to rede microbiological surface contamination on
bovine carcasses was adopted by the European Commission orthe Rebruary 2013
and entered into force on the #5February 2013http://eur opa.eu/rapid/middayexpress
04-02-2013.htm).

The ability of bacteria to survive stress conditions is multifaceted and is dependent on both
the nature of the stress and the bacterial speciesorderto maintain theoptimum cellular
pH for growthbetween 6.5-7.5 wnder acid stresconditionscampylobactersexport a high
level of protonsfrom cytoplasmvia the membrane(Chaveerachet al, 2003) This
mechanism requires adenosine triphosphate (AdaRJ may cause a reductioof cellular
energy. Another strategy indicates the existence of mechanisms that inhibit the influx of
protonsinto the cell by inner membrane phospholipid modificatigReid et al., 2008). As

a resulf electron transport is impossibkend ATP production is reduced.

Other mechanism indicate the presece of an adaptive tolerance response (ATR) in
C.jejuni as a response to acidic stre@durphy et al., 2003. Early stationary phase cells
adaptedto pH 5.5 showed a 16fdld increase in tolerance to pH 4.5 in comparison il
survival of unadapted cell3heir study demonstratedhat C.jejunihas the ability not only

to induce an ATR to acid but alsna combination ofaerobicandacid conditionsBetween
100-fold and1000fold increase in survival as a result of the ATR was observed. Activation
of ATR in response to acid stress, waso abbservedby Ma et al. (2008) ATR allowed
C.jejuni to survive pHL.5 and increasgits ability towithstand further acid challenge for
over 200min in comparison to nostressed cells. It has been reported that ATR to acid
stress induce theup-regulation of general stress proteins Dn@kaperone protein)GroEL
(60kDa chaperoninjMurphy et al., 2006) Astudy by Reict al. (20083) indicatesfurther
up-regulation ofgenes such aslpB (encoces ATRdependent chaperone proteingroES

(10kDa chaperoninandgrpE(HSPF70 cofactoras a response to acid stress.

The aim of the present studyas todetermine how longerm exposure ofcampylobacter
to disinfectans at sublethal concentrations affest their survival and adaptation
Toachieve this,liree food andthree clinicalCampylobactejejuniisolates were exposed to
increasing incremental concentrationsf disinfectant using a chemodtatechnique
Theeffect of the exposure to thedisinfectans onC. jejuni survival was determined b
time-kill kinetic analysis while the effect dfisinfectanttolerance on crossesistance to

antibiotics was dtermined for tetracycline, nalixic acid and ciprofloxacin.
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Materials and Methods Chapter 3

3.3. MATERIALS AND METH®D

3.3.1. Bacterial isolates

SixCampyldacter jejuni strains were chosen for thstudy. Isolates were collected either
from food or from clinial sources. Strains 2124GE136DFM and 1140DFO are food
isolates (isolated from chicken), strains 354DC, 23GC and 301BC are clinical, isolates

isolated from Dublin, Galway and Belfasspectively

3.3.2. Disinfectants

Lowmolecular weighbrganic acidscitric acid (CA, BDH) atattic acid (LASigmaAldrich

were used to investigate possible changesdampylobactestMICs as a result of longerm

exposure andas well ado investigate their timekill kinetics onCampylobactechemostat
derived strains challenged witthese disinfectantsin addition sodium chlorite- acidified
with 0.16% wi/v of citric acid (ASC3igmaAldrich), and trisodiumphosphate (TSRMMerck

were examined as a chloridmsed and phosphatbased compound, respectiveliiugas &
Tsigarida, 2008)

3.3.3. Antibiotics

Gprofloxacin (Bayer Schering Pharme), tetracycligégrhaAldrich and nalidixic acid
(SigmaAldrich) were selected as repsentatives of the fluoroguinote, tetracyclines and
quinolone agets. They were used toletermine a possibleacquired crossesistancein
Campylobacter strains challenged with the differendisinfectants under longterm
continuous culture conditionsThe antibiotics were tested at a concentration range of:

0.004 to 4ug ml™ for ciprofloxacin, 0.015 to 1289 mil* for tetracycline and 0.06 to

128ug ml™ for nalidixic acid

3.3.4. Broth MIC fordisinfectants

The mcrodilution broth methodwas carried out as approved by the CLSI (Clinical and
Laboratory Standard Institu}eformerly NCCLELSI, 2002 he study was carried otii

order to determine any differencei disinfectansQMICs,between agarand broth MICs
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among wild type (WT3trains before the longterm culturewas established96U-bottom

well plates (Orange Scientific) containing 100of increasing doubling concentration

(in duplicate of antimicrobial agent prepared iNueller-Hinton Broth MHB LabM),were

inoculated with 10Qul of overnight MHB culture adjusted to ONBcFarland. The plates

were incubated at 46 / Ay | aAONRUGAGNB tf1 4GS wSIFRSNI 6¢
density (OD) at 596m was measured every 2 hours for 48 holEach experiment was
independently repeatedwice usingtwo separate cultureswhen no resultsvere obtained

or different data wagyained the experiment was repeated more than twidks a positive

control, MHB without antimicrobial agents inoculated wi@ampylobactejejuniwas used,

while MHBonly, was useds a negative control.

3.3.5. Continuous culture

C jejuni strains were grown under continuous culture conditiondMiBwith the inclusion

of disinfectantbeing gradually incremerdgd. The chemostat vessels and apparatus were
constructed based on the design described by Fleratrag). (1988) The chemostat culture
was run ina 1 litre glass vesselprkingvolume 545ml), stirredat 180rpm anda constant
temperature of 42°Cwas maintainedby using an internal stainlessteel heating cojlfed
with water, controlled by a water heateffFigure 1.3. in Chapteiillustrates thechemostat
system used throughout this studyJhe dilution rate wagept at 0.025h™ the experiment.
The frst dose ofdisinfectantwas added to the&ehemostat after culture stabilisation, initially
at a subMIC concentration and thereafter incremexiy at doubling concentrations or

lower.

Theconcentrations oflisinfectant used in the chemostat ranged fradr008% to 0.18%r
0.5% for citric acidlependng on the test strainfrom 0.008% to 0.25% for lactic acfdpm
0.75ug mi* to 200ug mi™ for acidified sodium chlorite; anfilom 0.004% to 0.6 00.8% for
trisodium phosphatedependng on the test strain Samples of the culture wem®utinely
collected under aseptic conditiorad storedat -80¢ in MHBandin the presenceof 20%
glycerol The growth of the bacterial community was determined by measuring the optical
density(OD)at 546 nm and 625 nm. In addition, the pH values were recorded throughout
the duration of the chemostat runAs a control,a chemostat continuouslyun in the

absence oflisinfectantfor strain 1136DFM was carried out.
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Strainschallenged withdisinfectans under continuous culture conditions in a chemostat
g SNBE (SN)SR I a/ICIIdRF danothi€ampyylobacteijejuni strain 2124GF

whichwas challengeavith a disinfectantduring the chemostat trial

3.3.6. Maximum specific growth rate dtermination

Themaximum specific growth rateg,,) determination was carried out in batch culture
(in the chemostat vesselyith a peristaltic pump turned offgfter the logarithmicgrowth
phase had been obtained. The optical density {)Qvas dropped taapproximatdy 0.03
by inoculating the fermentervia the sampling portwith sterile MHB heated to 42 / &
Samples were taken from the fermenter and OD was measuwedye30min for up to 8h.
From the plot, (kax = IN2/ty, Where [hax ¢ maximum specific growth ratey t; doubling

time) the pnaxWas calculated.

3.3.7. PulseFieldGel Electrophoresisf chemostat challenged strains

PulseFieldGel Electrophoresis (PFGE) was carriecbawhemostatstrains challenged with
disinfectant according tothe RibofQ &t al. (2001) protocol. The @l protocol has been
described previodg in Chapter 2, Section23. The only modification tdhe protocol was
related to samplecollection for the plugpreparation. In this casehe direct culture taken
from the fermenter collected from the sampling porat a volume of 1ml was used.
Following the electrophoresishe patternsobtainedwere compared with thesachieved
for the wild types (non-challengedstrains)to determine ifchangesin the PFGBpatterns
occur after the longterm disinfectant challenge PFGE profile change®uld indicate

bacterial genome altextion or culture contamiation.

3.3.8. Agar MICdetermination for chemostat challenge stains

The a@ar dilution procedurewas carried out as approved by the CLSI (Clinical and
Laboratory Stadard Institute, formerly NCCLSto determine the antimicrobial
susceptibilityfor the disinfectantchallenged chemostat straif€LSI, 2002Yo preparethe
inocula the sampleswere collectedfrom the fermenter viathe sampling portandthe cell
suspensions weradjused to a 0.5McFarland MuellegHinton agarplates (MHA, LabM)
supplemented with 5% horse blood (Charles River Labaestdnc.) and the appropriate

concentrations of antimicrobial agenfdisinfectant or antibiotic) were prepared, and
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inoculated with100pl of the adjustedCampylobacteculture. The plates were incubated at
42°C under microaerobiconditionsfor 48 h Results obtained wereompared with thee
for the wild type strains in order to determinef possibleacquired resistancgrovided

crossprotection against the activity tantibiotics.

3.3.9. Timekill kineticsstudy of chemostat challenged strains

After bacterial cells were challenged widlisinfectantunder longterm continuous culture

conditions the cells were examined in terms of thewssible alterations isurvivalability.

Samples from the fermentewere directly collectedasepticallyvia the sampling porand

spreadonto a Campylobactemblood-free selective agar base pla€CCDA, Oxoid)The

plates wereincubatedfor 48 hat 426 / dzy RS NJ Y A ONER FdSrétBverbddteri@2 y RA (i A
from the disinfectantchallengedchemostatculture, the bacteria were suloultured in a
Campylobactemblood-free selective agar basat leasttwice more and incubatedunder

microaerobic condions for 48 hat 42¢ /To determine the timekill kineticson chemostat

challerged strains overnight cultureincubated under microaerobic conditions d2¢ /

weretaken.The full protocohas beerdescribed in Chapter Il, Secti@rB.8.

3.3.10. Scanning electromicroscopy

Scanning electron microscppwas carried outon Campylobacterjejuni Ch1136DFM
G LI I yé GI2yWR O A 2 Bdlated frod kcheibs@tiun conductedwithout the use

of disinfectantchallenge(control chemostat) Sampls of biofilm were collectedfrom the
samplingport of the fermenter vesselfrom the heating coilimmersed into thefermenter,
the outlet and from the feeding tubeat the end of the chemostat run(1750.8h;
43.7generations) Samples wereresuspended in 1.5l of primary fkative solution
(2%gluteralaldehyde + 2% paraformaldefyde in 0.1M sodium cacodylate/HCI buffer pH 7.2)
in 1.5ml eppendorfs andvere incubated ovenight at 4¢ /in order to fix the cells. The
samples were centrifuged at 5,08@ for 5min and the superndant was removed.
Following this dehydration ofample using the gradient concentration of ethanol was
carried out and slutions 0f50%, 70%, 90% and 100% ethanete used The samples with
different concentratiors of ethanolwere incubatedfor 5min. Incubation for eaclethanol
concentration was repeated thrice. Thehe pellets were allowed to dry in HMDS for
15min. The drying step was repeated twidhe mechanical disruption of the sample was

carried out before thecdlular materialwas mounted o 15mm aluminium stubs (Hitachi
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Ltd, Japan) and sputteoated with gold using an EMSCOPE SC500 coater under argon gas.

Cells were then viewed using an HITAGEB@EN Scanning Electron Microscope.
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3.4. RESULTS

3.4.1. Broth MIGfor the wild typesCampylobactestrains

Before performing the longterm disinfectant challengestudy, where the Campylobacter
jejuni adaptation todisinfectantwas investigatedin a broth culture the broth MIG were
determined Table 3.1. below presents results obtained ttoe broth MIGs. In addition, the
Campylobactegrowth graphs(from Figure S3.1. to Figure S3geperatedby the Magellan
Software fromwhere the broth MIC wasletermined are presented irthe Supplemental
Materials Section(Section 3.6.in this chapter. Although the experimesvere carried out
at least twice, only an examplgraphfor each strainexposed toeachof the disinfectans

are presented.

The both MIC was carried out only fdhe 6 isolates that were chosefor the long-term
disinfectant challenge studyThe broth MIG data for CA ranged between 0.12525%,
while for LAit was between 0.086 and 0.125% (Table 3.1.Results obtained foASCh
showed thatthe broth MIGs oscillatedbetween 25 ug ml* and 100ug mi* dependng on

the Campylobacteisolate, while for TSPh was determined from 0.3% to 1.25%.

Table3.1. Broth MIC results fo€ampylobactejejuniwild type strains.

Broth MIC for disinfectants

Strain
CA[%] LA [%] ASCh [pg ml?] TSPh[%]

2124GF 0.25 0.125 50 1.25

23GC 0.25 0.125 25 0.3
354DC 0.25 0.06 50 0.3

301BC 0.125 0.06 100 0.6
1136DFM 0.125 0.125 25 0.3
1140DFO 0.125 0.06 50 0.6

CAcitric acid; LAactic acid; ASClsodium chloriteacidified with 0.16% w/v of citric acid; TSPh
trisodium phosphate.
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Comparison of the results obtained for broth Mlahd those achieved for agar MiGhe

agar MICs for all strains tested have been presented in the Chapter Il, Sectior) 2.4.3
indicate that the both MIGs for CA werghe sameas recorded for the agar MICs. Aadkd
decrease for all tested straingas observedvhen the both MICs was carried out fd-A

Also, a2-fold reduction in broth MICs was obtained when compawéth the agar MICs for
strains C. jejuni 2124GF andC. jejuni 23GC tested to TSPh. In the case of broth MICs
obtained for ASCh, a reduction byfdd for C.jejuni 301BC to 28old was obtained for
C.jejuni23GC and.jejuni1136DFMwhen compareal with the ASCh agar MICs.

3.4.2. Continuous culture study

The Campylobactetjejuni test strains were grown under continuous culéu conditions
(dilution rate at 0.025 H') usinga chemostatsystem Culture conditions varied for each
tested strain with regard to the type andconcentration ofdisinfectantused, the duration
of the culture run and the specific growth rate of the test stréiable 3.2. The maximum
specific growth (., for each sain was lowranging from 0.25 fito 0.4 H*. The duration
of individual chemostat runsaried from 845.8 hours (211 generations) in te case of
strain C. jejuni 2124GFexposed to CAo 1847.8hours (46.2 generations) fo€. jejuni
114MFQCexposed toT SPh

Ly GKAA& &addzRe s ( K&apteddNgrdose OtsBfecgaatl | Aly RIMIOND (AS/A =
the dose ofdisinfectantthat the strain was growiin a chemostat culturavas at the MIC

value2 NJ | 62@3S® | RRAGAZ2Y I ff & Thallénkeswithi % Mdse o OK S Y 2 2
disinfectant A Y RA Ol (i S& dbtkihed frofh ¥kn& ché@mogiaii cBitdevere grown

below the MIC value.
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Table3.2. Summary of chemostatulturea garameters for eaciCampylobactestrain.

Wild type Disinfectant concentration

strain b () o Erﬂn e ge n-ztai!\ons d'ls-':-Z::i:iant broth MIC range I the chemostat
value Initial Final
2124GF 0.4 845.8 21.1 CA 0.25% 0.008% 0.5%
11360DFM 0.28 1051.6/1631.7% 26.9/40.7% CA 0.125% 0.008% 0.18%
1136DFM 0.29 1316.2 32.9 ASCh 25pgmlt 0.78pgml 200 pgmlt
354DC 0.25 1213.8 30.3 ASCh S0pgmit  0.78 pygmlt 200 pgmlt
301BC 0.35 1313.7 32.8 TSPh 0.6% 0.004% 0.8%
1140DFO 0.4 1847.8 46.2 TSPh 0.6% 0.004% 0.6%
23GC 0.32 1456.6 36.4 LA 0.125% 0.008% 0.25%
1136DFM 0.29 1750.8 43.7 Control - -

Mmax indicates the maximum specific growth rate before the leegn disinfectant challenge was
examined.In the case of continuous culture performedth C. jejunil136DFMwhich wasinitially
challenged with CA, values of total run time and taotaimber ofgererations are presented*). Two
values are giverThe first value representrain following initial challenge witBA (for 1051.6 hours
while 26.9generations were obtained)Strain thenwas allowed to run for further 24.1 day580h)
without CA selectie pressure. fie second value represents total run tinfg631.7h), whilein total
40.7generations were obtained.

Campylobactemadaptation to ASCh

Figure 3.1. illustrates the optical density QD and pH alterations during the lortigrm
chemostat culture runs of the test Campylobacterstrains challenged withASCh An
acidified sodium chloriteASChchallenge was performed for two strainS:jejuni 354DF as

a representative of a clinicalsolate Figure 3L. A and C. jejuni 1136DFM as a
representativeof a food isolate Figure 31. B). Followingcultures stabilisation, the fist
sub-MIC doseat 0.78ug ml™ ASChwas applied intahe feed reservoir. As a result of ASCh
application, the OD decreadeas the bacteria were burdened but quickly adapted te th
new conditionsrelatedto the presenceof disinfectantand the OD increased again until the
next incremental challengérrows in the graphs indicathe time points in the continuous
culture where the disinfectant was added.For both strains, 354DF and 1136DFM,
challenged with ASCh the first dose was applied at @g7éh* and gradually increaseap

to 200pug ml*. The initial broth MIC for strain 354DF and 1136DFM for ASCh was obtained
at 50pg mi* and 25ug mi*. Thisindicatesthat Campylobactestrainsadapted to the ASCh
and were able to grow not only at MIC value but alap to 4-fold in the case of strain
354DF andup to 8-fold abovethe MICin case of strain 1136DFNh addition,the pH
measurementsduring the chemosta run for the strain Ch1136DFMere recorded. The

initial pH of the culture at 7.3lecreased marginally to 7.18, when 20§ mi*of the
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disinfectant was applied.The pH measurementsfor the strain 354DFlongterm ASCh

challengel were not recorded

Acidified sodium chlorite challenge for Acidified sodium chlorite challenge for
A C. jejuni 354DC strain B C. jejuni 1136DFM strain
7.5
0.6 MIC,,=50 pg ml
; 5 70 MIC, =25 pg ml*
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Figure 3.1.0D and pH changes during the lelegm culture challenged withacidified sodium

chlorite. Graph A presentshanges folC.jejuni354DC, while Graph B changes@ojejuni 1136DFM.

The optical density was measured at two differevdvelengtlsy | G <I)IpyiR YNNG (X cHpYyY
Symbolo Jwndicates pH changeduring the chemostat runAlsqg the initial minimum inhibitory
concentration forthe broth (MIG,) for the wild type counterparts are shown

Campylobactemadaptation to TSPh

Two strains,C. jejuni 301BCas a representative oé clinical isolate (Figure 3.2. Aand
C.jejuni 1140DFQas a representative o& food isolate (Figure 3.2 B), were long-term
challenge with trisodium phosphate TSPh Following the culture stabilisation, the first
sub-MIC doseat 0.004% TSPivas added.Upon each incremental challengéhe OD
dropped as the bacteria were burdened but quickly adapted to the nemcentrationof
disinfectantand the OD increased again until the next challenygows in the graphs
indicatethe time points in the continuous culture where tligsinfectantwas addedDose
at 0.6% TSPh added irttee feed reservoir resulted in continuously decreddmcterial OD
in the fermenter.The initial MIC for both strains allenged with TSPh was obtained at
0.6%. Results obtained from the leterm chemostat culture indicate thaCampylobacter
failed to grow at their MIC valu®uring the chemostat run fastrain C.jejuni 301BCthe
pHof the cultureincreased fronthe initial 7.2in the absence of TSRt 8.7when TSPh was
increased to concentration df.8% Alterations for pH changes for 1140DFO witlile TSPh
challenge was investigategere expected to achieve the same rangkhe dilution rate
during the longterm continuousculture for theC.jejuni 1140DFO shin wasinterrupted, in
total for 143hours (6day9. After 933 hoursof the culture bacteria started to wash out
very quicklyfrom the fermenter(ODQy,s dropped from 0.024to 0.013). Consequently, the

pump was turned off(number A on the Figure 2. B for 72 hours to prevent further
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washingout. WhenC.jejuni started to grow afresh the pump was turned back (ommber
B on the Figure 3.2.)BThe pump was turned off second time(numberC on the Figure

3.2. B for 40hours dueto a technical problem

Trisodium phosphate challenge for B Trisodiu!'n.ph.osphate challe.nge for
A C. jejuni 301BC strain C. jejuni 1140DFO strain
9
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Figure 3.20D and pH changes during the letegm culture challengedwith trisodium phosphate

Graph A presents changes fGr jejuni 301BC while Graph B changes f@.jejuni 1140DFOThe

2LIGA O RSyaAaue ola YSIFad2NBR | {)liysRe IRA FESANBYYY &
{ € YO0 2 indicate®pH changegluring the chemostat runAlsg the initial minimum inhibitory
concentration forthe broth (MIG,) for the wild type counterparts are showhetters A and C

indicate on turning off the pump, while letters B and D indicate on turning on the pump.

Campylobacteadaptation to CA

The adaptation study tocitric acid (CA was investigated fortwo food Campylobacter
isolates,C.jejuni2124GKFigure 3.3A) andC.jejuni1136DFMFigure 3.3. BThe first dose

of citric acid added to the feed reservgafter culture stabilisationywas at concentration of
0.008%.As a result bdisinfectantaddition, the OD of the culture initially decreased, but
quickly increased again as bacteria adapted to the new conditions related to the presence
of the disinfectant Then a next dose of CA was addé@te lastdoseof CA applied in the
feed reservoivariedand wasdepended on the strainWhile strain 2124GF was testgtie

last doseaddedwas at concentration of 0.5% @At in the case of strain 1136DFM it was

at 0.18%CA. Arrows in the graphs indicate the time wheach ofthe CA doses were
added.The broth MIGor CAobtained for strain 2124GF wild typeas at 0.25%. Gradually
longterm exposure to incremental concentration of CA, resulted that strain 2124GF was
able to growth at MIC value andp to 2-fold above.For strain 1136DFM, however, the
broth MIC for CA was obtained at 0.125%. Following the -terrg CA challenge in
continuous culture bacteria were ableto sufficiently growat the MIC value andup to
1.4-fold above it.During the chemostatuns, the pH of the culture for strains 2124GF and
1136DFM challenged with CAecreased fromthe initial 7.2 to 4.5 and 5.0 When the
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strains 2124GF anil136DFMwere challengedwith CA, addition of 0.5% and 0.18% CA,
respectively, resulted ia gradually increasef OD. In the case dhe strain 1136DFMhe
addition of 0.18% CA resulted dropping the OD at 626m from 0.086(907.1h of the
culture) to 0.020 (051.4h of the culture). Thenhe feed reservoir was replaced and a
chemostat culture was carried outh the MuellerHinton broth in the absence ofa
disinfectantfor a further 580hours (24.1 days). Following replacement the media bacteria
started to growdenovo. Wihin 170 hours (days) the OBE)s increased from 0.020 to
0.104.

Citric acid challenge for B Citric acid challenge for
A C. jejuni 2124GF strain C. jejuni 1136DFM strain
8 B
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Figure 3.30D and pH changes during the lelegm culture challengedwith citric acid Graph A
presents changes fo€. jejuni 2124GF- while Graph B changes f@. jejuni 1136DFM The optical
density was measured at two different wavelength I G <) IlpyiR ye¥ahm(<d» { & Y)o 2 f
indicatespH changesluring the chemostat runAlsq the initial minimum inhibitory concentration

for the broth (MIG,) for the wild type counterparts are showiithe vertical line at 1051 Hours of

the graph B, indicates the time whehe media reservoir was replaced and the culture was allowed
to run forafurther 24.1 days (580 hours) without CA selective pressure.

Campylobactemadaptation to LA

The effect ofthe longterm lactic acid (LA) challenge was investigated on clinical isolates
C.jejuni 23GC(Figure 3.4. Following culture stabilisation, the first dose loA was applied

at 0.008%. Thdisinfectantaddition resulted irthe OD decreasing. When bacteria adapted
and started to grow again, the next doses were appligae fnal concentration added to

the feed reservoir was at 0.25% LA. The initial broth MIC obtained for the wild type was at
0.125%. Results obtained from the {pterm exposure to LA, indicate thathe
Campylobacterchemostat challenged straiwere able to grow at MIC value ang to

2-fold above at the same rangas in the case of straiili124GFexposed toCA. The initial

pH of the culture decreasHrom 7.2to 4.6followingthe application of0.25%lactic acid
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Lactic Acid challenge for
C. jejuni 23GC strain
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Figure 34. OD and pH changes during the letegm culture challengedwith lactic acid. Graph
presents bianges foiC.jejuni23GCThe optical density was measured at two differgravelengtls:
F d546nm()F YR F 0 (<P c{n® WardicatespHehangesluring the chemostat runAlsqg
the initial minimum inhibitory concentration fahe broth (MIG,) for the wild typecounterpart are
shown

Control chemostat

The control chemostat was performed f@ampylobactejejuni food isolate 1136DFMnd
was run without anydisinfectantchallenge The culturewas performedfor total 1750.8h,
where 43.7 generations were obtainedhe OD at 56Am and 625"m was measured and
following the lag phase the Q) was oscillating between 0.04 and 0.(EFgure 3.5. The
pH wasalsomeasuredduring the chemostat triahnd has been found toscillatebetween
7.0-7.3 at the whole period othe chemostatculture. This controchemostatwas used in
order to investigate the effect of the loAgrm culture on MIC (this chapter), virulence

gene expression (Chapter 1V) and protexpression (Chapter V) altdions.
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Control chemostat for
C. jejuni 1136DFM strain
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Figure 3.50D and pH changes during the letegm non-challengecculture. The optical density was
measured at two different wavelength | 0 <loprno/RY d < cHpYY OROO®
changes during the chemostat run

3.4.3. PulseField Gel Electrophoresis

The PFGBpatterns obtainedfor the chemostat challenge strainsto variousdisinfectans
were compared withthe PFGE patterns fdheir wild type (WT) counterparts.The PFGE
patterns for the W were descrited in Chapter 2, Section£1. The pattern similarity
showed no changefor the strains with the exception oftrain Ci2124GFexposed toCA
The reasorfor the PFGpattern alterationin CR2124GRwvas investigated. The PFGE results
showed that alsamples analysed at the different tinp@ints for thechemostat challenged
strain CR2124GFhad the same patterna different pattern to that obtained fortheir WT.
The patterns of Ch2124GRnd the WTshowedsome missing bands istrains Ch2124GF
exposed to different CA concentratignmssiblysuggesting thathe original WT could be a
mixed culture. Differential suktulture was performedin order to distinguishthe
morphological variety of bacterialTwo dfferent types of colonies (big and smallere
observed. Following isolatioof these twotypes of colonises, the biochemical tests using
the API CampyBIOMERIEUXvas perfomed. The API test showed thale initial strain
2124GF was a mix of two culturgs: jejuni and C. coli, while chemostatsamples of the
strain Ch2124GRvere pure cultures of C.jejuni. In addition, the PFGE f&. jejuni 2124GF
WT following differential sukculture was carried out. No differences betweénjejuni
2124GF and chemostat strains were observiils, the fermenter was inoculated witheth
mixed culture and two strains were initigllpresentin the fermenter In continuous culture
competitive conditions, one straiwas washed out.coli) and the experiment was carried

out for C.jejunionly. Noother changs of the pattern havebeen observed.
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1000 —»
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Figure8.6. The PFGE results f@. jejuni 2124GF WT and Ch2124GF strains. Lanklolecular
Marker-ProMega Markers Lambda Laddetsne 2: C. jejuni 2124GF (WT), Lang& Ch2124GF
challenge with 0.008%A. The same pattern was obtained for all ranges of CA challenged Ch2124GF
strains and only an example is presented above

3.4.4. Timekill kineticsstudy for disinfectantchallenged chemostastrains

The long-term disinfectantchallenge studghowedthat Campylobactestrainswere able to
efficiently grow attheir MIC value and at valuagp to 1.4-fold to 8-fold above their MIC,
with the exception of strain€.jejuni 301BC andC.jejuni 1140DFGexposed toTSPh. These
results warranted an investigation into the effect oflisinfectans on bacterial survival.
Timekill kinetics were determined for all thdisinfectantchallenged strains (collected at
the end d the chemostat culturesagainst the differendisinfectans. These results wer
compared with those obtained for the wild types, order to explore whether lonterm

sublethal exposure todisinfectani | F ¥ S Ol S Rs abilkySo sarvivalisisfétlart Q

challengede novo The results obtained are presentbdlowin Figure 37 to Figure 312.

3.4.4.1. The effect of citric acid on the survival of str&nCh2124GF,
Ch1136DFM and their WT counterpart

Campylobactestrain Ch2124GF adapted to 0.25% citric &lsidken line in the Figure B)

showed better survivain the presance 0f0.25% and 0.5% citric acid than the original WT

strain(solid line in theFigure 37.). A 3log reduction(equivalent to 1006old), representing
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99.9% killed bacteriayas obtainedfor strain 2124GF WT when the tirkél kinetics were
performedat 0.25% CA after 4%in of incubation. Tie chemostat strain Ch2124GF atd
to 0.25% CA, howeverequired 95min incubation with the presence of 0.25% @A
achieve the same 3 log reduction. This indicates that chemostat challenged wiegn
more resisant than its WT counterpartln addition, following 50 min of thexposure to
0.25% CA the WT stragurvival waseduced by 100,00old, while the Ch2124Gstrain
adapted to 0.25% CA showatiost 100%survival(Figure 37. B)

Increasng the concentraion to 0.5% CA fohe time-kill kinetics study showed reduction of
the survival time for botithe WT and chemostat challenged strain. A 3 log reduction was
achieved after 35nin incubation for the WT, while for strain Ch2124GF adapted to 0.25%

CA, the sam level of reduction was observed after 86n of incubation(Figure 37. B)

A The percentage survival of C. jejuni 2124GF WT and
chemostat strain Ch2124GF adapted to 0.25% CA
exposed to 0.25% CA
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B The percentage survival of C. jejuni 2124GF WT and
chemostat strain Ch2124GF adapted to 0.25% CA
1000 exposed to 0.5% CA
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Figure 37. Timekill curves of citric acid again€l. jejuni 2124GF WT and Ch2124QMhe graphs
demonstrate changes between strafh jejuni 2124GRNT and strain Ch2124GF adapted to 0.25%
CA, where 0.25% CA (graph A) and 0.5% CA (graph B) were exarhmsdlid line presentshe
results for the WT, while the broken lingesents the resultéor the Ch2124GEAadapted strains.
Error bars are present but in sonsasexannot be seen
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In the case of chemostat strain Ch1136DFRh timekill kineticswere carried out after
removal of citric acid from the culture. In this instance theast which washallenged with
0.18% citric &id, had the citric acid withdrawn and the strain was further cultured

continuously for 2.1 dayswithout citric acidchallenge

The timekill kinetics study performedat 0.25% CAshowed that the WT had a 3og
reduction achievedfollowing 180min exposure while in the case of strainCh1136DFM
after the sameexposureperiod only 1llog reduction wasobserved(Figure 3. A) This
indicates thatthe chemostat challenged straisurvived 100fold better than its WT

counterparts.

Increasingthe concentration of CA to 0.5% for the tisk@l kinetics study, resulted ia
reduction of time to achieve 3 log reduction. This level of reduction for the WT was
achieved after 50nin of exposure in comparison to 90 min exposur®r the strain
Ch11®DFM (Figure 3. B) This indicates that strain Ch1136DFM is able to survive
1.8times longer than its WT counterpart. In addition, after 60 min of 0.5% CA exposure, a
100,0006fold of reduction for the WT was observed, while for the Ch1136DFM anl

100-fold reduction was observed
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A The percentage survival of C. jejuni 1136DFM WT and
chemostat strain Ch1136DFM taken at the finish of

the culture exposed to 0.25% CA

Survival (%)
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The percentage survival of C, jejuni 1136DFM WT and

B chemostat strain Ch1136DFM taken at the finish of
the culture exposed to 0.5% CA
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Figure 38. Time-kill curves of citric acid againgl. jejuni 1136 WTand Ch1136DFMThe graphs
demonstrate changes between stral jejuni 1136DFMWT and strain Ch1136DFM taken at the
finish of the culture strainsyhere 0.25% CA (graph A) and 0.5% CA (graph B) were examined. The
solid line presentghe results for the WT, while the broken lingresents the resultsor the
Ch1136DFNCA adaptedstrains. Error bars are preseriut in some cases cannot be seen.

In summary, the longerm CA challenged dhe MIC and at thesub-MIC concentratioafor
both strains, 2124GF and 1136DFM, resultegeneratingbacteria thatwere able tobetter
surviveto a further CAchallenge The chemostat challenged straingere more resistant

than their WT counterparts.

3.4.4.2. The effect of lactic acid on the survival of strain Ch23GC and its WT

counterpart

Figure 39. presentshe survival kinetisfor strainCh23GC adapted to 0.18% lactic acid and
its unchallenged WTcounterpart strain when exposedto 0.25% and 0.5% lacticcid.
According taesultsobtained the chemostatchallengedbacteriawere twice assusceptible
to lactic acid exposure at these concernipas than their WT counterpart When a

concentration 0f0.25% LA waasedfor the timekill kinetic studya 3 log reductiorwas
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achieved following 6 min of incubation for strain Ch23GF adapted to 0.18% LAfawlitite

WT counterpart this level of redtion wasnot achieved until & min of incubation(Figure
3.9. A)

Strain Ch23GF adapted to 0.18% LA, achieved 3 log reduction in less than 5 mim when
concentrationof 0.5% LA was examined, while the \Wave the same level of kill afte
8 min of exposure(Figure 3. B) Results obtained from the lactic acid timkél kinetics
analysis indicate that although strain Ch23GC could growth ugfatdZabove the MIC, the

longterm culture did not producemore resistantbacteria able to survive unfavoaile
conditionslonger.

The percentage survival of C. jejuni 23GC WT and
chemostat strain Ch23GC adapted to 0.18% LA
exposed to 0.25% LA
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B chemostat strain Ch23GC adapted to 0.18% LA

exposed to 0.5% LA
1000

1004
10{ ™

0.11
0.01
0.001

0.0001
0

Survival (%)
[a=y

5 10 15 20

Time [min]
Figure 39. Timexkill curves of lactic acid againGtjejuni23GCWTCh23GC. The graptiemonstrate
changes betweestrain C.jejuni23GC WT and strain Ch23GCadd to 0.18% LAyhere 0.25% LA

(graph A and 0.5%A (graph B) were examined. The solid line presthgsesults for the WT, while

the broken linepresents the results fothe Ch23GQA adaptedstrains. Error bars are present but in
some cases cannot be seen
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3.4.4.3. The effect of aidified sodium chloriteon the survival of strains
Ch354DC, Ch1136DFM and their WT counterparts

Figure 310. presents the survival kinetics for Ch354DC adapted toqut0®I* of ASCh and
the unchallenged WTstrain when exposed t850 ug mI* (Figure3.10. A) and 1200ugml™
(Figure 310. B) of ASCh.According tothe time-kill kinetics results, chemostat strain
Ch354DC adapted to 1@ mI* ASCh, showed & log reduction (representing a 99.9% of
bacterial reduction)after 55min exposure t850pug mi* ASCh, while its WT counterpart

showed thesame log reductioafter only 40 min oexposure(Figure 310. A)

Increasng the concentration of ASCh to 120§ ml*, resulted in no major differences in
survivalin compaison with results obtained usin@50ug mI* ASCh. However, the strain
Ch354DC adapted to 1¢@ml™* ASCh showed 10-fold better survivalthan its wild type
counterpart(Figure 310. B).

A The percentage survival of C. jejuni 345DC WT and
chemostat strain Ch354DC adapted to 100 ug mi™ Asch
exposed to 850 pg ml™ Asch
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B The percentage survival of C. jejuni 345DC WT and

chemostat strain Ch354DC adapted to 100 pg ml™ ASCh
exposed to 1200 pg ml™t ASch
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Figure 310. Timexkill curves of acidified sodium chlorite agairtjejuni 354DC Wand Ch354DC.
The graphs demonstrate changes between str@irjejuni 354DC WTand Ch354DC adapted to
100pug mi* ASCh strains, whe®50ug mi* (graph A and 120Qug mI* (graph B) were examine@he
solid line presentshe results for the WT, while the broken lipgesents the results fothe Ch354DC
ASChadapted strains. Error bars are present but in some cases cannot be.seen
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In the case oftrain Ch1136DFM adapted to 1@ ml™* of ASCh, initially a 16@Id better
survivalwas observed when compared to mgld type variant (Figure 311. A). However,
after 60min of the exposure to 850g mI* ASCh,both strains (WT andCh11BDFM
adapted to 100ugml™ ASCh had the same level of survival. Whamigher concentration
of disinfectant (1200ug mi*) was examinal, the Ch1136DFM adapted strashowed

1000fold better survival following 30 min dfisinfectantexposure than its WT counterpart.

A The percentage survival of C. jejuni 1136DFM WT and
chemostat strain Ch1136DFM adapted to 100 pg mi™t Asch
exposed to 850 g mlt Asch

Survival (%)
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Time [min]
The percentage survival of C. jejuni 1136DFM WT and

chemostat strain Ch1136DFM adapted to 100 ug mi™ ASCh
-1
1000- exposed to 1200 pug mlI™ ASCh

Survival (%)
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Figure 311. Timekill curves of acidified sodium chlorite again€t jejuni 1136DFM WT and
Ch1136DFM.The graphs demonstrate changes between stré&njejuni 1136DFM WT and
Ch1136DFMadapted to 10Qug mi* ASCh strains, where 85@ mi* (graph A) and 1200g ml*

(graph B) were examined. The solid line presents results for the WT, while the brokerebeats

the resultsfor the Ch1136DFMASChadapted strains. Error bars are present but in some cases
cannot be seen

To concludethe longterm culture with a gradual increasef Campylobacteexposure to

ASChrevealed strains with slightly better survival ability to the disinfectant, compared to
the WT.
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3.4.4.4. The effect of tisodium phosphateon the survival for strainCh301BC,
Ch1140DF@nd their WT counterparts

Figure 312. below, demonstrates the tim&ill kinetics results obtained fastrain Ch301BC
challengedwith 0.6% of TSP(Figure 3.12. Aand strain Ch1140DF¢hallengedwith 0.6%
of TSPI{Figure 3.12. Byhen exposed to 0.6% TSPh (thiritial MIC value).

A 3 log reduction forstrain 301BC WT was observed following 70 mirexgosure to
0.6%TSPh, while the strain Ch301BC challengatth 0.6% TSPh, the same level of
reduction achieved following 15@in of the exposure tdhe disinfectant This indicates
that chemostat challenged bacteria becam#irBes more resistant whertompared with its
WT. After incubation for 120 min, the WT strain showededuction of 100,006fold
(equivalent to 5 log reduction), whikhe chemaostat TSPh challengsttain,showed only a

50-fold reductionafter the same exposure interval

In addition,the chemostat adapted strain Ch1140DE@allenged with0.6% TSPhurvived
3 times longer inhe presence 00.6% TSPh than its WT counterpd&wliowing 40 min the
TSHh exposurethe WT showed 100,06@ld reduction, while the chemostat challenged
strain onlyshowed al00-fold reduction These results are more interesting when the fact

that both of these strians could not grow i chemostatat their MIC value at 0.6% PB.
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A The percentage survival of C. jejuni 301BC WT and
chemostat strain Ch301BC adapted to 0.6% TSPh
exposed to 0.6% TSPh
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Figure 312. Timekill curves of trisodium phosphate againgt jejuni 301BC and Ch1140DFThe
graphs demoatrate changes between strain 8bilBCchallenged with 0.6% TSPh (graph A), strain
Ch301BChallenged with0.6% TSP{graph B) and their WT counterpamsere 0.6% of TSPh were
examined.The solid line presents results for the WT, while the brokenpiesents the results for
the chemostat TSPh challenged straikrror bars are present but in some cases cannot be.seen

From the results obtainetbr all the time-kill kineticsexperiments, it mighte concluded,
that the longterm exposure to CA, ASCh and T&Rrdble these bactewim to survive longer

to subsequent disinfectant exposura the case of the strain Ch23GC, that was growing in
the chemostat at MIC value angp to 2-fold above, this strain did not show increased

survival to lactic acid as a tink@ll kinetics resultslemonstate.
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345. 1 f GSNY GA2Yya 20FCampylobadektinsiespased ta L /

disinfectant a aossresistancestudy

The MIC forCampylobactecchemostat strains that grew in the presence diinfectant
were investigated with regard to their resistance datibioticddisinfectants asthe long
term exposure ofC. jejunito sublethal doses of disinfectant migtmave had an influence
on MiCalteration to antibiotics/disinfectants.Tables 3.3.¢3.6. present the MIC valuefor
disinfectans and antibioticsfor WTs and chemostat challengéaldapted disinfectant

strains
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Antimicrobial susceptibility for chemostat CA challenged strains

Campylobactercells were reexaminedfor their MIC to the differentdisinfectants and to

the antibiotics, tetracycline, raixic acidand ciprofloxacinafter longterm exposure to
increasing concentration dafisinfectant,in order to invesgate possible changes with their
resistance/crossesistance. Table 3.3. below shows the MIC values the different
disinfectantsand antibiotics ér two chemostat strains Ch2124GF and Ch1136DFM after
being challengedvith citric acid. MIC values for the wild type stains are also presented. The
results show no Mi@lterationfor CA, LA and ASCh. In the case of TSRpld &duction

in MIC value wa observed between the WT and strain Ch2124@&ptedto 0.5% CA,
indicating no significant changes. For strain Ch1136DFM challenged with 0.008% TSPh, an
8.3fold reducedsusceptibility was observed in comparison with the WT strhirthe case

of antibiotics MICs, no cros®sistance forstrainsCh212GF and Ch1136DFM challenged
with citric acidwas obtained. Howeve a 4fold increase in the Nx MI@as observed
between 1136DFM WT and Ch1136 Finish (sample collected at the ¢he diemostat,

that hadbeen carried out for 58@ours withoutpresence of CAwasobserved

Table 3.3 Antimicrobial susceptibility fothemostat Ch2124GF and Ch1136DFM strains challenged
with citric acidandtheir WT counterpart

Agar MIC
WT vs. chemostat
. Tc Nx Cipro ASCh
challenged strains for CA CA [%] LA[%] TSPh[%]

[mgmi?]  [pugml?] [pgml?]  [pugml?]
2124GF WT >128 8 0.125 500 0.125 0.25 0.6
Ch2124GF 0.008% 256 8 0.06 850 0.25 0.25 0.6
Ch2124GF 0.125% 256 8 0.06 850 0.25 0.25 1.25
Ch2124GF 0.25% <16 8 0.06 850 0.25 0.25 0.6
Ch2124GF 0.5% <16 4 0.03 850 0.25 0.25 0.3
1136DFM WT 0.25 2 0.06 500 0.125-0.25 0.25 0.3
Ch1136DFM 0.008% 0.25 8 0.008 500 0.25 0.25 2.5
Ch1136DFM 0.125% 0.25-0.5 4 0.06 500 0.25 0.25 2.5
Ch1136DFM 0.18% 0.5 8 0.06 500 0.25 0.25 1.25
Ch1136DFM Finish 0.25 8 0.06 850 0.25 0.25 0.6

Tc - tetracycline; Nx- nalidixic acid; Cipre ciprofloxacin; CA citric acid; LA lactic acid; ASCh
acidified sodium chlorite; TSRHrisodium phosphateEach experiment waspeated twice (n2).
If results obtained varied, the range of the MIC values are presented.
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Antimicrobial susceptibily for chemostat LA challenged strain

Table 3.4. belowpresents the MICalterations for strain Ch23GC challengedith LA
collected at different tested_A conditions of the cultureNo changes in MIC values for
disinfectans were observedwith the excepton of 8fold reduction of the susceptibilitjor
CA inall lactic acidchemostat challenge straing1 addition an increasan susceptibilityat
8-fold, 2.5fold and 4fold for Tc, Nx and Cipro was determineespectively indicating no

crossresistancenad occurred

Table 34. Antimicrobial susceptibility for chemostat Ch23GC challenged with lactic acid and its WT
counterpart.

WT vs. chemostat Agar MIC
challenged strains for T Nx Cipro ASCh TSPh
CA [%] LA [%]

LA [ugmit]  [ugmi?] [ugmll]  [pgml] [%]
23GCWT 0.5 4 0.125 500 0.25 0.25 0.3
Ch23GC0.015% 0.25 4 0.06 500 0.06 0.125 0.3
Ch23GC0.03% 0.06 1.56 0.03 500 0.06 0.125 0.6
Ch23GC 0.06% 0.06 1.56 <0.03 500 0.06 0.125 0.6

Ch 23GC0.125% 0.06 3.06 0.03 500 0.06 0.125 03
Ch23GC0.18% 0.06 1.56 0.03 500 0.06 0.125 03

Tc¢ tetracycline; Nx¢ nalidixic acid; Cipra ciprofloxacin; CA citric acid; LA lactic acid; ASClg
acidified sodium chlorite; TSRHrisodium phosphateEach experiment was repeated twice (n=2)

Antimicrobial susceptibility for chemostaASClchallenged strais

Two strains 1136DFM (food isolate) and 354DC (clinical isolate) were usau/éstigate
their adaptation to ASCh. As a result of carrying out the teng disinfectant challenge
culture, bacteria were able to grow above the broth MIC valtleat was obtained at
25ug ml* for 1136DFM WT and 50y ml* for 354DF WTThe crossresigance study,
however, was performed fothe agar MIC(the agar MIC was achieved at 50§ mi* for
1136DFMWT and 85Qg mi* for 354DF WT)Due to differences between agar and broth
MIC for ASCmo agarMIC changes foASChwere observed(even though the chemostat
chalkenged strains were able to grosbove the MIGralue in broth. In addition, nachanges
in MIC valuesfor CAand LA for Ch1136DFM and Ch354DC strains chaliewith ASCh
were observed (Table 3.5.) An 8-fold increaseto TSR between 1136DFM WT and
Ch1136DFMhallenged with6.24pugml * ASChCh1136DFM adapted 5 pgml™ ASCh
and Ch1136DFMdaptedto 50 pgml * ASCh waebserved while a 4-fold increaseto TSPh
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for Ch1136DFM adapted to 1@ mi* ASCh was observed. Similar resultere
observedfor Ch354DCchallenged withTSPh In straing Ch1136DFM and Ch354Diab
crossresistance toCiprowasobserved.However,an initial 8-fold increasein resistance to

NxandTcwas detectedrespectively.

Table 35. Antimicrobial susceptibility athemostat strain Ch1136DFM and Ch354DHerged with
acidified sodium chloritand their WT counterpart

WT vs. chemostat Agar MIC
challenged strains for Tc Nx Cipro ASCh
CA [%] LA[%] TSPh[%]

ASCh [igmi] [ugmil] [ugml?] [pg ml]
1136DFM WT 0.25 2 0.06 500 0.125 0.25 0.3
Ch1136DFM 0.78 pug mi? 0.25 8 0.06 850 0.25 0.25 0.6
Ch1136DFM 6.24 ug mi? 0.5 16 0.125 850 0.25 0.25 2.5
Ch1136DFM 25 ug ml? 1 16 0.125 850 0.25 0.25 2.5
Ch1136DFM 50 pg ml? 0.5 16 0.06 850 0.25 0.25 1.25
Ch1136DFM 100 pg mli? 0.5 8 0.06 850 0.25 0.25 1.25
354DCWT 0.25 4 0.25 850 0.25 0.125 0.6
Ch354 DC0.78 pg mlt 2 16 <0.125 1200 0.25 0.25 2.5
Ch354 DC1.56 pg ml? 4 16 <0.125 850 0.25 0.25 25
Ch354DC 25 pg ml? 1 8 0.06 850 0.25 0.125 1.25
Ch354DC 50 pg ml? 1 8 0.06 850 0.25 0.25 2.5

Tc¢ tetracycline; Nx nalidixic acid; Cipra ciprofloxacin; CA citric acid; LAC lactic acid; ASCh
acidified sodium chlorite; TSRHrisodium phosphateEach experiment was repeated twice (n=2).

Antimicrobial susceptibility for chemostal SPtthallenged strais

During investigating theffect of TSPh in the loAgrm cuture for 301BC (clinical isolate)
and 1140DFO (food isolateh adaptation no growthin the chemostat was observed the
MIC valueof 0.6% TSPH.he concentratiorof 0.6%resulted ingraduallywashing outthe
bacteria from the fermenter. However, the cresssistance study showedféld increasdn
the TSPHMIC value for strain Ch®1BCchallenged with0.6% TSPh argtrain Ch1140DFO
challenged with0.4%TSPh(Table 3.6.) It is difficult to explain the reason whopposite
results wee achievedPossiblythese results might be an effect of better survivahder
unfavourable condition in chemostat challenged strainstlaes time-kill kinetics study
showed or it may be reflectdifferencesin MIC values obtained uginagar and broth

determining methods.
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A further study on crossresistanceindicates that clinial isolate 301BC becamkess
susceptibleto the tested antibiotics. Incremental exposure dtampylobacter301BC to
trisodium phoghate resulted in an 8-fold, 2fold and 2fold reduced susceptibility to
tetracycline, nalidixic acid andpeofloxacin,respectively Food isolate 1140DF@owever,
became moresusceptible to tetracycline, nalidixic acid and ciprofloxagith more than
2-fold, 2-fold and 66.6fold MIC reduction observed respectively.This opposite results
might be depending on strain specificity. Clinical isolates seketoadapt to unfavourable

conditionseasier(Table 3.6.)

Table 36. Antimicrobial susceptibility forchemostat strain Ch301BC and Ch1140DFO challenged
with trisodium phosphateind their WT counterpart

WT vs. chemostat Agar MIC
challenged strains for Tc Nx Cipro ASCh
CA[%] LA[%] TSPh[%]

TSPh ug m?]  [ugml?] [pgml?]  [ugmlY)
301BC WT 0.25 8 0.125 850 0.25 0.125 0.6
Ch301BC 0.004% 2 16 0.125 850 0.25 0.25 2.5
Ch301BC 0.06% 2 16 >0.25 850 0.25 0.25 2.5
Ch301BC 0.125% 2 16 >0.25 850 0.25 0.25 2.5
Ch301BC 0.25% 2 16 1 850 0.25 0.25 1.25
Ch301BC 0.6% 2 16 0.25 850 0.25 0.25 2.5
1140DFO WT 0.5 4 1 850 0.25 0.125 0.3
Ch1140DFO 0.008% 2 >8 0.125 1200 0.25 0.25 2.5
Ch1140DFO 0.03% 2 32 0.125 850 0.25 0.25 2.5
Ch1140DF0 0.125% 1 <2 0.25 850 0.25 0.25 2.5
Ch1140DFO 0.25% 1 <2 0.25 850 0.25 0.25 1.25
Ch1140DF0O 0.4% <0.25 <2 <0.015 850 0.25 0.25 1.25

Tc¢ tetracycline; Nx¢ nalidixic acid; Cipra ciprofloxacin; CA citric acid; LA lactic acid; ASCh
acidified sodium chlorite; TSRHrisodiumphosphate Each experiment was repeated twice (n=2).

Antimicrobial susceptibility for non-disinfectant challenged Campylobacter jejuni

1136DFM

In order to investigate the effect of lorgrm culture of Campylobacteron possible
changes to their antibiotics and disinfectaf¥dIC values the MIG for both disinfectants
(CA, LA, ASCh and TSPh) and antibiotics (Cipro, Nx ansergcperformed on a
non-disinfectant challenge lonterm Campylobacterculture. This control chemostat was
run continuouslyin the absence oflisinfectant for strainC jejuni 1136DFMfor 1750.8h

(43.7 generations) Results obtained showedhat no changes to theMIGCs for the
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disinfectantsor the testantibiotics occurredbetween the original WT strain and C. jejuni
1136DFMstrains collected during continuouson-challengedculture after 525, 86land
1510h. This indicateshat the performance of the lonrterm culture had no effect on
CampylobacterMIC values and the MICs changethat occurred to strains that were
challenged with disinfectantduring the longterm cultures are effestof Campylobacter

response to disinfectantsnly, not the longterm culture by itself

In summary, the results indicate thatthoughCampylobactechemostat challenged strains
were able to grow at MIC valuand up to 1.4-fold and 8fold above, depenithg on the
strain and disinfectantused there were alsoable to survive bettedisinfectanttreatment
asthe time-kill kinetic results indicate, no major cresssistance to antibiotics tested were
detected. The cross restance between Zold and 4fold for Tc and Nx was obtained
whenASCh wagxamined in thdongterm challengeculture. In addition, between -fold
and 4fold higher MIC valugfor all antibiotics tested were found for strain 301B@®g
term challengedwith TSPh.The longterm challenge culture runn the absence of

disinfectant for strain 1136DFM had no effect of antimicrobial agasitsrations

3.4.6. Biofilm formation in chemostat cultures

During the course of this studyjofilm formation was observedboth in the longterm
disinfectantchallengel chemostatculturesandin the control chemostatnon-disinfectant
challenge culture). Following addition of 0.008% CA (the first saobibitory dose) to the
continuous culture of Ch2124GF (after 29Gand Ch136DFM (after 19B), the first clearly
visible pelletsindicating biofilm developmentvere observed. Biofilm formation was also
detected when straia were challenged with LA, ASCh and TSPowever,here thefirst
visible signs of biofilm formatiowere observed at later stages of the continuous culture
(evenafter 1155h of the culture for strain 1140DFO challenged with 0.06% ) SPtese
results suggesthat bacteriumunder presence of thalisinfectantmay form biofilm, as a
responseto stress. Inthe case ofthe non-disinfectantchallengel chemostat culture, the
first visiblesigns of biofilm formatiorwere detectedafter 850 h of the continuous culture,
with a well established biofilm preserdfter 1000 h culture. The biofilm formation in
non-disinfectant challenged culture can be caused by the presence of limited nutrient
concentration. In addition, this observation may have an influence on the reason of biofilm
formation in disinfectant challenged cultures. In the case of CA-termy exposure the

biofilm formation can result from stress caused by the disinfectant itself. However, in the
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case of LA, ASCh and TSPh-teng challenged cultures, the biofilm formation can result

from stress caused by the disinfectant and by limited nutrient corregioin.

Figure 313. illustrates biofilm formation in chemostat fermenter vesselsy a non-
disinfectantchallengedA) and ina CAchallengel (B). Differencesin the amount of biofilm
formed wereclearly seen. Ithe disinfectantchallenged culture te anount of biofilm was
much lover, evenafter CAselectivepressureremovaland where the culture was allowed
to run for further 24.1days withoutthe disinfectant challengétotal running hours othe

culture 1631.7where 40.7 generation were achieyed

Figure 313. Biofilm presence in theon-challenged andCAchallengedlongterm Campylobacter
cultures. PhotoA, showshe biofilm created irthe non-disinfectantchallengeculture (Ch1136DFM
after 1510hours), while photo B for the CAchallengedculture (CHL136DFMadapted t00.125% CA,
after 685hours).

The biofilm structure of non-challenged culturerun for Campylobactestrain 1136DFM,

was observed using electron microscopy. The samples were tagandifferent parts of

the fermenter (port,heating coil outlettubinggs FSSRAY 3 {(dzoAy 3 laty R & LI |
the end of the Ch1136DFMculture @fter 1750.8 h). During samples preparatiofor

electron microscopy the first differencesin the cell structure were observed. After
centrifugation, the biofilm collected from the biofilm taken from the fermenkecatedon

the heating coilwas characterisedoy itsloose structure, whilghe biofilm collected fran

the port characterisedrery densestructure (Figure 314.).
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Figure 314. The dfferences of the biofilm structure after spun down of the culture. ThAetube
presentsthe biofilm taken from the fermentelocated on the heating cqilvhile the Btube presents
biofilm taken from the sampling port.

This variation may be due to biofilm localisation. In the fermenter where the culture is
constantly stirred, the nutrients are better deliver@do deeperlayers ofthe biofilm, while
the biofilm collected from the samplingort, nutrient may be more linted due to lack of

mediaflow.

3.4.7. Scanning Electron Mroscopy

The Scanning Electron ibfoscoe (SEM)was used to distinguish dissimilarity in the
structure ofthe biofilms collected from various parts of the fermentd¥igures3.15to 3.19

below presenthe electron microscopy results.

Figure 315. presentscells collected from the free floating culture from the fermenter. The
cells are tightly packed and no thick EPS layer was detected followingechanical
description of thesample. Althoughthe broth culture was taken fronfree spent media
from the fermenter, no planktonic cells were observedden the microscope. Thealsteria
appeared togrow asa biofilm, eventhoughno visible clumps were presein the collected
samples. Thepiralshapeof the cells can be easily distinguisheih anaverage length of

2-3um.
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Figure 315. 9t SOGNRBY YA ONER & O2 L¥lture?taken (frén$ theafédhantgt uiiddry’ A O ¢
continuous culture conditions in Muellétinton broth.

Both photos inthe Figure 316. show biofilm sample collected from the fermenter,
localised at the heating coil. Bacteria are delgpacked andhe structure of broken EPS is
evident. Moreoverthe presence of flagella (black arrows on the Figurd6.3B) suggest

that biofilm formationwas still ongoing.

Figure 316. Electron microscopyf the biofiim taken from the fermenterBlackarrows in the
FigureAindicate presence of flagella.
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Both photos in the Figure Bl. illustrate biofilm collected from thesamplingport. The
structure is moresolid and EPS layers are thickercompaison tothe free floating cells
andbiofilm collected from theheating coil from thdermenter. Due tathe thick EPS layers
the bacterial shape carot be clearlydistinguishedIn the port, where no media flow was
present,biofilm tended to accumulatand settle as opposed to actively form. In addition,
due to lack of media flovat this site,limited nutrients were available causiig bacterial

starvation. Possiblgs a result of this, bacteria produced thicker EPS.

Figure 317. Electron microscopgf the biofilm taken from thechemostat samplingort.

The d¢ear spiral shape of the bacteria can be distinguishetiérFigure 318. presenting the
biofilm collecting from the medium feed tubindzlagella can be identifiedneong the
densdy packed bacteria, (black arrows in the Figur&83B). In addition EPS layer was not
as thick afound in the biofilm collected from the port. Ais biofilm andthe biofilm taken

from the fermenter hada similar structure.

Figure 318. Electron microscopygf the biofilm collected fron the chemostatmedium feed tubing,
immersed in the cultureBlack arrows indicate presence of flagella.
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Electron microscopy of biofilm that accumulated in tliermenter outlet tubing is
presented in Figure 39. Campylobactecellsin this biofilmhavea characteristic elongated
shape, incomparison with the biofilm cells taken from the othparts of the érmenter.

The length of bacteriasi approximately double the size observed bacterial biofilm
collected from the fermenter. The estimating lengtlcaculated at um. The tubing which
was situated at the outlet of théermenter, drained off spentediaand cellsresulting in

reduced biofilm formation.

Figure 319. Electron microscopgf the biofilm collected from thechemostatoutlet.

To concludestirring that maintained homogenous cultureonditionsinside the fermenter,
resulted inno major differenceén the structurebetween samples collected from the inside
of the fermenter6 & LX I y 1 G 2 ifiedlim fée& tubiriy éand biofilm located at the
heating coil. However, in some regions of feementer (sampling port and outlet tubing)
the effect of limiting nutrient concentrationvas associated with increased csttessas

observed with an associated alteration bacteriakcell shape
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3.5. DISCUSSION

Different types of antimicrobials have been widely used in ordinaryHifem triclosan, that
is widely used in toothpastge soaps, dishwashing liquiddeodorants, mouth rinses or
toothbrush handles(Yazdankhah et al., 20060 benzalkonium chloride a quatenary
ammonium cationic surfactarwidely used in cosmetics, skin disinfectants and ophthalmic
preparations(Basketteret al., 2004)andto chlorine that is used for water decontamination
in a swimming pools. It imot surprising that dot of studies on bacterial adaptation to
different antimicrobials and their role in acquired crassistance have been widetarried
out. Althoughiit is believed that due to a broad spectrum of biocides activity acquired
resistance to them are rar¢Braoudaki &Hilton, 2005) there are some reports that
the application of biocidecan lead to creating highly resistandeacteria with acquired
crossresistance(Chwanchuenet al, 2001; Langsruet al, 2004; Loughliret al, 2002)
Before application of disinfectant for decontamination purpgsespeciallydisinfectantsfor
food procesing plantst is very importanto investigate the development of resistanaes
some bacteria mightmutate very easilyto a particular disinfeiant and become highly
resistant In addition, it canacquire crossesistance to other disinfectant@nd/or
antibiotics. When this mutantis a source of food-borne infectionit may cause serious

sequela iliness

During this course of the studg;ampylobactemadaptation to four disinfectants such as
citric acid (CA), lactic acid (LA), acidified sodium chlorite (ASCh) and trisodium phosphate
(TSPh) was investigatetihhe mode of action for CA and LAléreasing the plievelin the
cellQ @anvironment and in thesell, while ASCh decreasthe pH andreleaseschlorous acid
(HCIQ) causingadditional oxidation ofthe cellular constituentdEFSA, 2005It is worth
noting here, that Campylobacteras a microaerophilicfood-borne pathogers, have to
survivea high level of oxygen in the airhen outsidethe host and dter host invasion
exposure taa low pH of gastric juiceThebacterialresponsemechanism(sjvhen exposure
to different disinfectans used for food decontaminatiorand mechanism(s) oflisease
caused byCampylobactermight be common. Howeverso far neither the response
mechanism of plbxidative stress to disinfectant nor its survival mechanism in host

organismis fully understood.

Work presented here concentratkon investigating if bacteria can adapt disinfectans.

Campylobacterejuni strains were longterm challengd with CA, LA, ASCh and TSPh

127



Discussion Chapter 3

disinfectans highlighted in EU Regulation No. 853/2004. IsolatesCofejuni grew
sufficiently not only at MIC value, but some instancesip to 1.4fold and up to &old
above, depenihg on the strain andlisinfectantused (with the exception of TSPh, where
bacteria were not able to grow dhe MIC value). This indicage possible risk related to
acquired bacterial adaptation to unfavourable conditions. In addition, obtained
Campylobacte phenotypes show better survival to stressful environmeenthis suggest
that improper cleaningrelated to inactivation of disinfectants by organic debris might
result inthe application of sukinhibitory concentratios andmay lead tathe produdion of

more resistantacteria.

Among disinfectans tested in this studyfo date, only lactic acid has been officially
approved by the European Commission on tfeoft February 2013 and entered into force
on the 25" February 2013http://europa.eu/rapid/pressrelease MEX.3-0204 en.htm).

Results fromthe work presented here showed that despite the ability of chemostat
phenotypes to grow at MIC valuend up to 2-fold aboveit, increasedsusceptibilityto LA

were achieved as the timkill kinetics study showed.

Longterm citric acidchallengestudies showed thatcampylobactes were able to grow
between 1.4fold and 2fold above the MIC that have been obtained for the WT
counterpart. Thiobtained adaptation results were similar to those for the LA. However,
chemostatstrainschallengedwith CA in contrastto chemostatstrains challenged withA,

could surviveCA treatmentbetter. As a timekill kinetic resultsshowed CAadaptedstrains

were able to survive between 1ZA4 times longer that their WT counterparihe
application of CAas a disinfectantight have itscontroversy Improper preparation of the

CA fordecontaminationpurposes or its inactivationby organic debris mighresultin CA

being usedas a food ingredienby bacteriaandthus supporing bacterial growth. Different
bacteria can use this compound as a carbon source, as it has been reported for the example
in the case ofSalmonella(Gutnick, 1969)Campylobacteas a asaccharolytic bacteria can
also use low molecular organic acids as a soofoarbon and energgdacksoret al., 2009)

The conjugatebase of citric acid, namely citratejight be used in the Krebs Cycle, also
known as tricarboxylic acid (TCA) and citric acid cycle. The TCA plays an important role in
the cell metabolism. It generates biosynthetic starting compounds that are used in amino
acid metabolism and it provides a metabolic energy source by creating intermediates that
feed into the electron transport chaifGaynoret al., 2004) The studies on analigs of

sequenced genome indicate th@tjejunipossessed a complete TCA cycle. Howditte is
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known about the TCA cycleathway and enzymesvolved in the procesén C. jejuni
(Gaynoret al,, 2004) On the other hand, citric acid is approved dsaaglditive to food, to
prevent its deterioration (European Union Register of Feed Additives. Pursuant to
Regulation (EC) No 1831/20@013) and it has been widely used.

The efficacy osodium chloriteacidified with citric aciddlependson the concentration of
citric acid. The antimicrobial activation of sodium chlorite is derived from chlorous acid
(HCIQ) that is determined by the pH diie solution. Gill and Badoni (2004) investigated the
use of differentdisinfectans inreducingaerobes, coliforms andEscherichia cobn chilled
beef carcass quarters delivered froaslaughtering to processing plant. They used 0.16%
w/v (1600ug ml') sodium chlorite supplemented with 2% w/v citric acid to obtain
solutionwith aLJl >XotHis ptegéntstudy, the acidified sodium chlorite was supplemented
with only 0.16% wi/v bcitric acid that resulted ira minor reduction inpH (from 7.3 to
7.18). Thisweakersolution of citric acid wascorrectly chosenas a misinterpretation of
data inan aticle published byHugas and'sigaridg2008) However, thismidnterpretation

led to an interesting observation. Even with decreasadtivity of ASCh, HC}Oed to a
sudden bacterial OD decreag@llowing application of 20fig mI™* ASCh in both testtsin
cases. This might suggehkat although the lower activity of the disinfectamtas used, its
oxidising ability still had a sufficient effect on bacterial wgtte However, strains that
were subjected tolongterm challenge with acidified sodium chlorite were able to grow up
to 4-fold and up to &old above the MIC value. This findimgdicates a better survival of
chemostat phenotypes during ASChtreatment. Nevertheless, the timkill kinetic results
showminor changes in survival. The obtained chemostat strains were able tiveswmly
10-fold better that their WT counterpart at some stage of the experiment, howether
time where bacteria achieved 5 log reductionremained the same for chemostatrains
challenged with ASCéind their WT strains. Duringhemostat runsbiofilm formation was
observed at the later stages of the culture (after 9@0followingthe application of MIC
dose). The biofilm formation mightave had a protectiveole on bacterial survival and

allowed bacterigo withstand exposure to the disinfectant

Trisodium phosphate action is baseditnhigh alkalinity causingell membrane disruptin
and alsgq it actsas a surfactant in eliminatg bacteria that are not strong adhered to the
surface of poultry skifEFSA, 2005The pHof the culture mediumgduring the longterm
challenge increased from 7.2 &7 whena concentration 0f0.8% TSPh was presefie

typical dose of TSPh for poultry carcass decontamination in aqueous solution is ten times
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higher, 8%l12% (EFSA, 2005aswas used in our studyasthe maximum test dose in the
continuous culture. According tthe results obtained, the longerm challenge study
showed that bacteriumwasnot able to survive at MIC value. However, the tikik kinetic
results indicate that chemostaddapted phenotypes were able to survive up totithes
longer than their WT counterpast This might be as a resulbf recovering bacteria
following disinfectant selective pressure removal. I worth mentioning that for the
time-kill kinetics study, bacteriavere subjected toleast three sukcultures on the agar
without disinfectant before the timeill kinetic experiments werecarried out. Thisvould
suggest that the application sukinhibitory concentratios of disinfectant at different
stages opoultry processing such ad farms and the processing plantbat its withdrawal
might producemore resistantstrains with the ability of survivdbngerunder reapplication
of TSPh.

Chemostat strains, during the lostgrm challenge with thalisinfectans, were alsdested
for acquiredantibiotic crossresistance.Chemostat adapted straing disinfectantscould
becane more resistantto antibiotics as thereis some evidence based ostudies
carriedout on different bacteriathat the application ofdisinfectantmay result inacquired
crossresistance to antibiotics. Atudy by McCayet al. (2010) showed that adapted
Pseudomonas aeruginoga benzalkonium chloride (ild increased to compacewith
the WT) had decreased sensitivity to ciprofloxacin by 2@fd (McCayet al., 2010)
Inaddition, Salmonella entericaserovar Typhimurium following exposure togradually
increasing concentrations of triclosan, showed acquired eresistance to antibiotics such

aschloramphenicol, tetracyalie, ampicillinKaratzagt al., 2007)

In the work presented in this chapteCampylobactechemostat strainseveala decrease
susceptibilityto Nx and Tc while ASCh and TSPh were examined. For the remaining cases,
Campylobactechallenged strainshowed a slightly decrease in théilCvaluesor the MIC
remaired the same levelFor cross resistancéo occur, either thedisinfectantand the
antibiotic have topossesghe same mechanism of resistan¢iynsoret al., 2002) In this
study only minor changes in the antibiotic crassistance were observed antisinfectant
application should not havhad a significant impact on producin@ampylobactethat are

highly resistanto antibiotics.

The biofilm formatiorthat occurred during the chemostat rumsight havehadan effect on

the resultsobtained.For example, from the time that thiérst dose of CA was added to the
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chemostatvesselcontaining Mueller-Hinton broth, the bacteria started to form clumps,
developing to a clearly visible biofilm. The biofilm formation was also observed when LA,
ASCh and TSPh were examined but in lategestaof the culture andit much smaller
guantities It has been reported, tha€Campylobacteunder stress conditions are able to
form a biofilm as a response mechanism to ambient environmental stre§Soesry, 2007;
Reuteret al,, 2010) In our study, the stress was possibly relateitially to the addition of
disinfectantand at the later stage of the continuous cultures (after 800 limited
nutrient concentration. This might suggetat the biofilm formation was a result dll
these factors.Although biofilm offer a protectiveole from stress conditionghey might
havean effect on thebacterial growth rate. It has been reported that the skwvgrowth
rate in biofilm is not assoeited with nutrient limitation by itself but with a general stress

response initiated by biofilm formatioffrachooet al., 2002)

Although, biofilm could have a proteeé role under unfavourable conditions and have an
influence onthe decreasingbacterial growth rate, the bacteria that were longrm
challenged withdisinfectans, could not survive above a certain level of tlisinfectans.
Inthe case of TSPh, both straitessted were not able to growth at 0.6%. In the case of
ASCh, both strains were nable to grow at 20Qug m[*. Similar results were also obtained
when CA was tested. This suggest that thginfectantaddition could sufficiently inhibit

Campylobactegrowth when an appropriate dose dfsinfectantwasreached.

The scanning electron grioscopy analysis of biofilm collected from the control chemostat
1136DFM, runin the absence ofdisinfectant showeda diversity of biofilm structure
between different samples collected from different locatioin the samples collected from
the port samging, thebacterid cellshapes could not be clearly distingugstin compaison
with the samples collected from the fermenteesselor from the medium feed tubing.
Thesample of the free floating cell collected from the fermenter, showédaktk of presence

of singleor isolatedcells. All bateria were grownas a biofilm and no planktonic cells were

observed. This indicasghat the biofilm took over andCampylobactegrew in a biofilm.
To conclude,Campylobactemight adapt todisinfectaris and survivebetter repetitive

applicatiors of the subinhibitory concentration of antimicrobial agents, however it is likely

that no major crossesistance to antibioticarould occur.
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4.1. SUMMARY

The useof some typef disinfectans on bacteriahas been reported to inducexpression
of virulence genes in pathogersich asSalmonellaand Escherichiaas a part of their
general stress resporas The vork presented hereconcentrates on changes invirulence
gene expressioin Campylobactestrainsas a respons# the longterm exposure tcitric
acid CA, lactic acid I(A), acidified sodium chloritéASChandtrisodium phosphatgTSPh
chemicals that have been found to be suitable fwacterial decontamination of meat
products. There geneswere, Campylobacteiinvasion antigendiaB, coding efflux pump
(cmed), cytolethaldistending toxin(cdtB) andflagellar sensory histidine kinag#gS). In this
study, 8chemostatruns in total were performed for four different disinfectantsusing

6 different Campylobactejejunistrains StrainC.jejuni2124GF was challengéa CA, strain
C.jejuni354DC0o ASCh(.jejuni301BC and.jejuni1140DFQo TSPh(.jejuni23GCo LA
and strainC.jejuni 1136DFMto both CA and ASCIHt. aso included the control chemostat
that wascarried outin the absence o& disinfectant in order to investigate the effectfo
the longterm culture on genexpressionThe control chemostat was performed for strain
1136DM. Results obtained for the control chearstat (running continuously fak751h in
the absence oflisinfectan) showed that the longerm cukure does not have an effect
onvirulence gene expression until 881After 861h, overexpression at 4-82.9; 2.0- and
4.7fold for flgS, ciaB, cmeAnd cdtB respectively was observed, however these changes
were not statistically significantAfter 1054h, continuous culture did lead to a significant
increase in gene expression>({0001), where overexpression at 29.47.0; 10.4 and
17.5fold for flgS, ciaB, cmeAnd cdtB respectively was detected. The virulence gene
expression in thalisinfectantchallenged chemostat cultures varied and were depand
on the strain tested andlisinfectantused. In the case of strai@.jejuni 23GCchallenged
with LA no significant increase in expressionhsf tested virulence genes was detected
(with the exception ofciaB gene for strain Ch23GC adapted to 0.125% Where the
overexpressiorof the gene was found at 2#ld, compared to the W)Twhile a significant
overexpression (by 18fld) of cmeAgene for Ch2124GF challengeith 0.125% CA was

observed
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4.2. INTRODUCTION

In order to efficiently combatCampylobactercontamination inboth poultry farms and
processing plants,interventions strategies such asfor example the application of
disinfectans, have been proposedThrough the elimination of the risk related to
consumption of contaminated poultry products by humans, the number of
campylobacteriosigases might be reducetlowever,before approvabf any antimicrobial
agent the possibleeffect ofits use on bacteriabdaptationand on the bacteriatesponse
mechanismto stressand alsoits effect on creating more virulergtrains have to bet first

investigated

It has been reported that acid stressiay produce more virulent straingn a study by

h Q5 NJaadOmviofkers, who investigated the adaptive tolerance respong&TR)in
Listeria monocytogenesthey found that acid adapted strains are more viruleot
miced h Q5 N&t dal) 21896) Mice injected with acid tolerant mutant strains of
Listeriamonocytogeneslid not survivelonger than 3 days, while a control group that was
inoculated with the wild typestrains did not show symptoms of diseastn addition,
Humphrey and cevorkers reported that acidolerant Samonella entericaare more
virulent in mice and moreénvasive in laying hens thaan unadaptedstrain (Humphrey

etal., 1996)

The virulence genethat have been implicated in influencir@ampylobactepathogenicity
include the expression ofgenes suchas flgS (flagellar sensory histidine kingseciaB
(Campylobacteinvasion antigen)cdtB (cytolethal distending toxin)cmeA (efflux pump)
and cadF(fibronectinbinding protein). Tie flagellar apparatus itCampylobactespp. has
been found to possesa multifunctional role. Bsides itsmotility function, it has been
identified as being involved in the adhesion and invasion of host epithelial (Galsillo
etal., 2004) In addition, astudy by Konkeét al. (2004)a;soindicatesthe importance of
flagella inthe secretion ofprotein such asampylobacteinvasion antigen (CiaBjo date,
the bestcharacterised adhesion protein is a l@3a oute membrane protein, namely CadF
that binds fibronectin(Konkelet al., 1997) CampylobactecadFmutants showed reduced
ability inINT407 cellsnvasion(Monteville, 2003) Followingadhesion and invasion of the
epithelial cellCampylobacteproducecytolethal distending toxis(CDT)This multisubunit
toxin requires the activity of three genesitA cdtB cdtC(Whitehouseet al., 1998) Each

subunit is required for cytotoxin activity batdtBas the active subunit is thought to induce
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host cell apoptosigMortensenet al, 2011; Younget al., 2007) Its role is involvedn the
blockage of the G1/S or G2/M transition phase of the cell cf@testiet al., 2010; Young
etal., 2007) by acting asdeoxyribonuclease (DNasel) enzyma@d fragmenting the

chromatinwhen it reaches the nucley®astiet al., 2010)

Multidrug efflux punp, CmeABC, belongs to the resistancelulationcell division (RND)
superfamily (Pumbwe & Piddock, 2002has been suggestetb have an impact in
Campylobacteresponseto pH stresscmeABCplays an important role not only in intrinsic
resistance tahe antibiotics fluoroguinolones and macrolidéSagliercet al., 2006 but also
confers resistance to bile saltd detergents(Martinez et al,, 2009) It is believed that
overexpression of efflux pump could be a first siepbacteria becoming fully resistan
(Piddock, 2006)

In this studyCampylobactestrains were grown in a chemostander continuous culture
conditions and were subjected tdongterm disinfectant challenge Four antimicrobial
agents highlighted inthe European Union Regulatidio. 853/2004aschemicals that might
be used for bacterial decontamination of the meat pootiwere tested. Theséncluded,
citric acid (CA), lactic acid (LA), trisodium phosphate (TSPh)cadifiea sodium chlorite
(ASCh).The results obtained fromthe previous chapter, showed that disinfectant
challenged bacteriavere able to growat MIC conentrations of these disinfectantand
above with the exceptionof TSPh challengestrains. In addition, chemostat challenged
strains were able to survive bettanpon re-exposure to thedisinfectantsas timekill
kinetics results showed hese esultssuggest that the chemostatchallengedstrains might
become more virulent.Investigatingthe sublethal treatments on virulence genesis
necessary in the evaluation of food decontamination methods lisédrms andorocessing

plantsin terms of safety.
The aim of this study was tetermine any changes i€. jejunivirulence gene expression

under disinfectant stress. The alterationsin the expression otiaB, cmeA, cdtBnd flgS

genes were studied.
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4.3. MATERIABAND METHODS

4.3.1. Bacterial isolates

Campylobacterjejuni phenotypes strains collected duringthe longterm disinfectant
challenge culturesn the chemostatwere used Sx C.jejuniisolates 23GC, 354DC, 301BC,
1136DFM 2124G&nd 1140DFOwere independentlyand continuousy challenged in the
chemostat culturesStrains2124GF and 1136DFMere challenged with citric acid (CA)
strain 23GC was challenged withctic acid (LA)strains 1136DFM and 354Dkere
challenged withacidified sodium chlorite (ASCh), whigains301BC and 1140DFRfere
challenged withtrisodium phosphate (TSPIgampylobactejejuni 1136DFM was also used
to performa controlchemostat (run in the absence disinfectan) to investigate the effect

of the long-term cultureon gene expression.

4.3.2. Sample collection for RNA extraction

Strainschallenged withthe different disinfectantunder continuous culturewere collected

at different time intenals for RNA extraction. A 15@ of the culture was taken and
centrifuged at 21,000 g (Beckman/ 2 dzf (0 SNIZ-H p OF Fyi & MICHaZAB®O. 0 ne
The supernatant was removed and pellets were transferirtd three eppendorfsand
resuspended with 2old, icecold 5% phenol solutivin ethanol to stop RNA synthesis and

the degradation of the RNA already synthesised. The sample was incubated in ice for
15min, following this, the sample wasemtrifuged at 12,000 xg for 15min. The
supernatant was discarded and harvested ceise resuspended in 500l of 1mg ml™* of

lysozyme (Pierce, Perbio) in TE buffer at pH 7.0 (Ambion). The sample was incubated for
3min at room temperature and RNA isolation was carried out usingidras§ Mini Kit

(Qiagen, Germany) according to the manufdB NR& Ay aiGNHzOGA2yad ¢KS
purity of RNA was checked using a NanoDrop 2000c (Thermo Sdievitifiees of Aso/Azso

XH PN .d/AbR>2.0indicate of no protein and solventantamination respectively In

addition, the RNA samples were rim 1% agarose gel (SeaKetrE agarose gel, Lonza)
contained ethidium bromide at 0.8g mi* to examine the quality of the extracted RMAd

to check if the RNA samples were Di¥ée. Any remaining DNA was digested with DNase

(Turbo DNAF NB S Y A)iby adding @ik & YOXTURBO DNase Buffer and (i3

TURBO DNase to pDof the RNA sample at a concentratioh2®ng pl™*. The sample was

incubated at 3% / T rAiMJolowing this, Rl of DNase Inactivation Reagent was added
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and the sample was inbated at room temperature for 3nin with gentle agitationevery
1 min. Following incubation, the sampleas centrifuged at 10,000 »g for 2min and the

supernatant was gently transferred in&dresh tube.

4.3.3. Reversetranscription PCR

To obtain cDNA, the QmtiTecf Reverse Transcription Kit (Qiagen) was used. Following
the manufactur® Jprotocol, 14ul of template RNA was added into the reverse
transcription master mix. The PCR was carried out a 42 T @ilN&anad this was then
subjected to 9% /  Tmih WJ omer to inactivateQuantiscript Reverse Transcriptase. The
concentration and puritypf cDNAwas checked using the NanoDrafalues of Asg/Azgo X M Py
and Asd/A230>2.0 indicate of no protein and solvent contamination, respectivEiyecDNA

was stored at20¢c / @

4.3.4. Realtime PCR

The LightCycl&480 SYBR Green | Master (Roche) was used for the relative quantification
of the expression of the genes. The reale PCR was performed withpb of DNA at a
concentration of 1Ghg pl™; 10ul of 2x SYBR green PCR master mix angiN.5f each
primer (Table4.1) in a final volume of 2Ql. PCR grade water (Roche) was used to adjust
the primers concentration (Eurofins MWG Operon). The experiment was carried out in a
96-well microtitre plate (Rdue). The noculated plate was placed in the LightCy&l480
(Roche) and fluorescence was measured. The-the@l PCR parameters for all genes
detection reaction were carried out with an initial denaturation at 95°C for 10 min,
following the amplificatiorfor 40 cycles for 15 s at 94°C, 30 s at annealing temperature of
646 / | Yy Rs affil®e Mateasion temperature of 72°C. The specificity of amplification for
each product was determined by a melting curve analysis at 95°C for 5 s and 65°C for 1 min,
followed by a progressive increase of the temperature to 97°C with a ramp rate of 0.11°C/s,
with continued measurement of fluorescence, and finally oaplof the plateto 40°C for

10s. Each redime PCR assay was conducted with a negative control using uterlec
biology grade water instead of cDNA. In addition, the remaiRhbA after TURBO DNase

treatmentwas taken as a positive control for the first réiahe PCR assay.
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Each set of primers (Tabk.1l) was designed with specificity toward the genome of
Campylobacterejuni subsp.jejuni NCTC 11168train (ATCC 700819); the accession no.
NC_002163.

Table4.1. List of primers and size of amplicons used to quantiieampylobactejejuni expression of
virulence genes ithe long-term challenged andon-challenged strains.

Gene Primers Sequence (5’—3’) Amplicon length (bp)

grol Forward GTA CGG TCG CAA GAT TAAAAC TC 237
Reverse GTT AGC AAC TAA ATA CGT GGG TTG

flgS Forward GGA GCG TAT CGT AAA TTC AAC TCT AC 317
Reverse CAACCATTATCATACACT CTGATG C

cmed Forward CAT TTG CAAGCT GTG CTCTAG C 186
Reverse GTT GAT TCG GCT TAC GGA CAA G

ciaB Forward CTA TAT TAT GCA CTC CTT GTA TTA AGG AC 230
Reverse CTATGC TAG CCATAC TTA GGC GTT TG

cdtB Forward GCTCCTACATCT GTT CCTCCATTAG 263
Reverse GCAACA AGG TGG AAC ACCTAT TG

cjr01-16S rRNA gene (housekeeping gerfig)s - flagellar sensory histidine kingsemeA- efflux
pump;ciaB- Campylobacteinvasion antigens;dtB- cytolethal distending toxin.

The efficiencies of the reéime PCR primers were achieved using the LightCycler 480
software program. To obtain this, four decimal dilutions of cDiNe prepared and real

time PCR was run at the same parameters as above. The PCR primers effigieneies
establisked at 1.99 forthe ¢jr01 gene éncoding 16S rRNA gene; housekeeping genef, 1.9
for the flgSgene, 1.98 fothe cdtBgene, 1.990r the ciaBgene and 2.05 fathe cmeAgene.

Relative expression was calculated as a ratio between expressiomget genes and the
expression of the housekeeping genes using thé ‘2hethod as described by Livak and
Schmittgen(2001) The relative expression ratio for control sangileall experiments were
calculated as a expression of geneCaimpylobactestrains for the parent strains and for

strains grown under continuous culture conditions priodieinfectantexposure.

146



Materials and Methods Chapter 4

4.3.5. Statistical analysis

Realtime experiments were independently repeated three times with three separate RNA
extractions(n=9) performed on samples taken during the experimeatsubMIC, at MIC
and if possible at suptilIC value Oneway ANOVA with Bonferroni's multiple comparison
test was used to study the association of the level of genes exprebstween the control
strains ¢hemostat strains prior tadisinfectant exposure) and strainghallenged with
increasing incremental concentiahs of disinfectant Differences withP valuesof <0.05

were considered statistically significant.
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4.4. RESULTS

In the previous study presented in Chapter 8lichemostat runs were carried otédr four
different disinfectants using 6 differef@ampylobactejejuni strains, including the control
chemostat culture runn the absence otlisinfectant. StrairC.jejuni2124GF was challenged
with CA, strainC. jejuni 354DC to ASCIG. jejuni 301BC andC. jejuni 1140DFO to TSPh,
C.jejuni 23GC to LA and strai@.jejuni 1136DFM to both CA and ASCh. Sti@ifejuni
1136DFM was also run in a control chemostat where no disinfectant was applied. Strains
were continuously cultured in the presence of increasing incremental concentrations of the
different disinfecants for periods between 845.8 and 184h@&urs dependingon the
strain, where between 21.1 and 46.2 cell generatiovere obtained Results obtained,
indicate that the longerm exposure ofCampylobacterto disinfectans might havean
effect on its virulence gene expression aod its pathogenicity. To prove geject the
hypothesis quantitative realtime PCR (qRACT) was performed for fowmirulence gene,
flgSc¢ flagellar sensory histidine kingsameA¢ efflux pump;ciaB¢ Campylobacteinvasion
antigens;cdtB¢ cytolethal distending toxin, fdiong-term disinfectant challenge strains and

for control nonchallenge strain Gene encoding 16S rRNAjr@l) was chosen as a

housekeepingene.

However, efore performing theqRFPCRa number ofpreparation steps involving RNA
extraction, reverse transcriptioreactionand optimisation of PCRimershadto be carried

out.

4.4.1. RNA extraction and reverse transcription

RNA extraction was carried out using an RNéasyini Kit, Qiagen, according tthe

Y| ydzF I O dzNB NeBsidealsiyigithie NdizGDiop 20000 Sofive for calculatingthe
concentration and purity oéxtractedRNA the samples were also run in 1% of agarose gel
contained ethidium bromide to check thguality of theextracted RNA ando examineif

the RNA was DN#fkee. The results obtained from the agarose gels, shotedoresence of
remairing DNA in the RNA sampleBhe DNA was removed by its digestion with DNase.
Following DNA digestion, the agarose gel was run agaorder to check if the DNA was
fully removed Tre pure RNA obtained was taken for reverse transcriptigigure 4.1.
presens the example ofthe RNAconditionsof C. jejuni chemostatdisinfectant challenge

strainsbefore and after DNase treatment.

148



Results Chapter 4

2462 —
1000 —p- -«+— 23S
500 —»

Figure 4.1 Electrophoresis of RNéxtractedfrom C.jejuni disinfectant challenge strainan a 1% of
agarose gel contained ethidium bromidehe top Figure A, presenitgnds ofthe RNAprior removal

of genomic DNA tracesvhile Figure B presents the RNA samples followempmicDNA digestion.
Lane 1: Molecular Weight Marker XIV, Lan€h23GC 0.008% LA, L&n€h23GC 0.125% LA, Lane
4: Ch23 GC 0.18% LA, L&n€h23GC Biofilm, Labe Ch2124GF WT, LafieCh2124GF 008% CA,
Lane8: Ch2124GF 0.125% CA, Lan€h1136DFM 0.008% CA, L40eCh1136DFM 0.06% CA, Lane
11: Ch1140DFO 0.35% TSPh.

In Figure 4.1. the sampl@s lane5 (represating Ch23GC Biofilm) atehe 11 (representing
Ch1140DFO 0.35% TSPh) were not chosen for further analysis. The smear on the gel
indicates that the RNA was digested during the extraction procedure or RNA was already
digested.Taking into consideratiothat these samplgefor the RNAwvere obtained from the
chemostatwhere the strainsvere challengedvith a high concentration of disinfectanthe
smearon the gelmay suggest that the RNA of the sample was already digested. Even after
repeating the extraction procedure witla new sample, no RNA was isoldteSimilar
results, where the smear was pregeat the ge] were challengedin other chemostat
cultureswith high deses of disinfectant (close or above the MIC values$ome instances,

due to difficulties in obtaining RNAwvhere strains were challengedvith higher
concentrations of disinfectantfor the gRTPCR reactignstrains challenged ith lower

concentration tha those were selected.

The next step 0fRFPCR optimisation after RNA extraction and reverse transcription, was
to demonstratethat the selected parameters offRFPCR reactionvere appropriate and

the cDNA wasto be gven only one product of thereaction. To achieve thishe
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