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ABSTRACT

The number of cases d@lostridium difficile infection (CDI) has been increasing
globally. CDI is the main cause of nosocomial diaga, which may be life-
threatening in complicated cases, and also costfehlth care societies millions of
pounds annually. The predominant types and theistance to antibiotics have been
changing and one of the major selective pressuheshvweauses this is antimicrobial
use. Although much is known about the role of therts in pathogenesis of CDI, the
role of immunogenic cell wall components is unclearhey may play a role in
colonisation and pathology and a study of thesédcdarify the infection process. It
is therefore important to study the immune respsresgainst these bacterial wall
components from different strains and their effemisstimulation of leukocytes to

produce cytokines and chemokines.

This study was divided into four parts:

1. An epidemiological study to determine freques@éthe predominant types ©f
difficile, thus 140C. difficile isolates from surgical patients and their envirenm
during 2009 were investigated to define their P@®type. This utilised capillary
sequencing gel electrophoresis for their analysis.

2. The determination of antimicrobial susceptigilib six antibiotics (ampicillin,
erythromycin, tetracycline, metronidazole, moxi#an and vancomycin) was
assessed and MIC determination by agar dilutions.

3. Investigation of host immunity to molecules wibnserved molecular patterns.

Surface-layer proteins (SLPs), lipocarbohydrate )(la@d flagellar proteins were

Xl



separated and purified from five ribotypesfdifficile (001, 002, 027, 078 and106)

predominant in Scotland.

a) The immune responses to these molecules weessassby ELISA by exposing
serum of patients and healthy donors and measspiedgfic 1gG levels.

b) Innate immunity was investigated by distingumghresponses of a macrophage
cell line (THP1) to the above molecules. Inductadrninterleukins (IL)-B, IL-6, IL-

8, IL-10 and IL-12 interleukins and TNéwas detected by ELISA.

In this study 15 different ribotypes were identfidhe most frequent were 001, 020,
106 ribotypes (52.8%, 7.4% and 5.7%), respectiwehile 13 isolates could not be
assigned a ribotype. However, all isolates weresiiga to vancomycin,

metronidazole and moxifloxacin, but 74.28% of ise¢a were resistant to

erythromycin.

The IgG level against bacterial antigens (SLPs,an@ flagella proteins) in donors’
serum showed almost normal distribution to all genis from the different ribotypes
and the sensitivity of the assays was increasedaismg the concentration of
antigens. Levels to SLPs were generally the highlest the flagellar protein
exceeded the SLPs of the 027 ribotype. The dororgrols, patients and carrier sera

gave similar results.

The greatest induction of interleukins was obtaineshg 50 g of antigen with the

THP-1 cells activated with 50ng of PMA. The highestuction of all antigens was

Xl



for IL-10. The highest values for the control LP&smwvith IL-12. But the best effect
for SLPs of 027 was for IL-10 (109.1ng/ml), whileetweakest for TNF for SLPs of
027 (4.7ng/ml). In general the ILBLIL-6, IL-8 and TNF concentrations ranged from
4.7-60ng/ml for all antigens and in contrast IL-42d IL-10 average ranged 11-

109.1ng/ml.

To conclude, the prevalence Gf difficile and their antibiotic susceptibility are
constantly changing. IgG antibodies to SLPs andjeflar proteins from the
hypervirulent ribotype 027 were highest in the camity and hospitalized
individuals. The molecules of conserved moleculatitggns are immunogenic with
various levels of response in the monocytic THRllsc8LPs were best in inducing
interleukins. Flagellar proteins from 027 ribotypascompanied SLPs in IL-10
induction levels. Consequently SLPs and flagellantgins from 027 ribotypes

appeared the best immunogenic bacterial molecules.
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CHAPTER 1 INTRODUCTION




1.1 Clostridium difficile epidemiology:

The gut's microbiota is critically important assjireads to varying degrees in the
four gastrointestinal areas: stomach, jejunum,nileand colon. Furthermore, the
normal gut microorganisms are useful in food prereg assisting intestinal blood
vessels, stimulating progress of the gut-associfeghoid tissue (GALT), and

contributing to organising bowel immunity.

Clostridia are rare in the stomach and jejunum tiyete in the color{Albright and

Albright, 2009). While theoresence o€. difficile in the large intestinal microbiota is
commensal in most neonates as well as is in alfbubfhealthy adults, colonisation
increases up to 40% in the hospitalised elderlieptd or debilitated hosg. difficile

omnipresence is natural. Moreover, it is the manse of diarrhoea in long-stay
hospitalised elderly patients, no doubt due tortbensumption of broad-spectrum
antibiotics. Susceptibility increases in comprordigatients. However, the severity
of symptoms ranges from mild to severe colitis wigeudomembranes and toxic

megacolon. It may be life-threatening (Sydnor aed,R2011).

The first timeC. difficile was described as being the main factor of antwbiat-
associated diarrhoea and pseudomembranous cBIME) was in 1978 (Larson HE
et al 1978). This was the start of many expertdysiig pathogenicity, epidemiology,

risk factors, antibiotic susceptibility, as well@®vention of this infection.



C. difficile may be isolated from soil, fresh, salt and tapewatomestic animals and
all foods including meat, vegetables and animat$o(Al Saif and Brazier, 1996).
Also, hospital environments could be contaminatgd @G difficile spores in
lavatories, sluice rooms, beds and floors (McCoylsteal., 2003). Furthermore,
health-care workers are able to be a source okspand long hospitalisation could
raise the rates of non-symptomatic difficile colonisation by 20% more than in a
community. Therefore, long hospitalisation, riskndions and oral consumption of
food or drinks contaminated b§. difficile vegetative cells or spores, assist the

colonisation ofC. difficile in the bowel (Rupnilet al., 2009).

The fight to prevent nosocomial infection-assodatkarrhoea has soared in the
healthcare societies during the last decades, @ssis various governments billions
of dollars. The United States spends about $3lmilyearly on the investigation,
hospitalisation, and treatment ©f difficile-associated diarrhoea (CDAD) (O’Brien,
2007); the United Kingdom spent about £200 millmnCDAD in 2005 (Blondeau,
2009). Therefore, studying the epidemiology andh@aénicity provides an overview

of epidemics and should help to reduce health casts.

In 2002, the European Study Group @rdifficile (ESGCD) studied the CDI rates in
212 European hospitals, and indicated that the nreadence of CDI in European

countries was 11 cases per 10,000 admissions. Howiev2005, there was progress
in the health care service; the statistics inditatee prevalence being 0.13 to 7.1
cases per 10,000 patients per day. Although betan2003 and Jun. 2004, the

largest outbreak of hypervirulent epidemic riboty)# in the United Kingdom was



present in Stoke Mandeville Hospital in Buckinghlims During this epidemic,
nineteen patients died, and was followed by anothsibreak in the period of Oct.
2004 to Jun. 2005 by an equal mortality rate amdsthime type of. difficile. The
causes referred to the poorness in the healthfaail#gies and the poor restriction of
antibiotic use (Freemast al., 2010). The incidence rates ©f difficile infection
(CDI) change significantly depending on the diagngs facility, antibiotic
consumption system, the application of infectiomtoal, and overall hygiene (HPS

2011).

Baueret al. (2011) studied the incidence of CDI in Europe el geographical
allocation of C. difficile ribotypes in 34 European countries. They colledeta

from 106 laboratories to demonstrate the distrdoutof C. difficile in November

2008, and showed the 014 PCR ribotypes as beingcdhemonest in European
investigation centres and 001 in 13 countries. H@wrethe hypervirulent ribotype
027 was ninth, and in regards to pervasivenessrantl-country surveillance. It is
important to detect and manage CDI and to showatians between different

countries (Tablel.1).

Country | Number  of  toxin Number of Number of | Commonest

positive cases/numbempatients typed ribotype

of patients tested andested per isolates in

percentage of positivel0 000 country

cases patient-days
Finland | 52/351 (15%) 141 19 106
U.K 164/1695 (10%) 115 43 106
Ireland 38/493 (8%) 94 18 106
Denmark | 28/330 (8%) 74 16 023
Sweden | 69/430 (16%) 74 28 014 & 020
Germany| 93/602 (15%) 72 22 001

Tablel.1: The Data show the most common PCR-rilestyper European country
and number of patients tested per day as well aepi&ge of positive cases (taken
from Baueret al., 2011).



C. difficile strains have produce toxins: enterotoxin (A) TcdAd cytotoxin (B)

TcdB, which are responsible for the diarrhoea (Sta005). Subsequently, the
severity of CDI symptoms is related to the produttof these toxins, and some
strains also produce binary toxin (CDT) (Akerluetdal., 2006; Bouvet and Opoff,

2008).

The amino acid sequences for toxins A and B ardasirior about two thirds of their
structure. The enterotoxin and cytotoxin are effecin C. difficile pathogenicity;
and the action of these toxins includes bindingdweral receptors on the epithelial
cell surfaces and membranes with enzymatic actmitycytoskeleton formation, as
well as the discharging of several pro-inflammatoytokines from the colonic cells,

macrophages and mast cells (Rupsatil., 2009).

The hypervirulent ribotype 027, which produces ghhievel of toxins A and B,

appears to have the highest severity and mortality(Dupuyet al., 2008).

Fortunately, there is a suggestion that insufficiexin receptors on the epithelial
cells in infants could prevent the host from sympatic colonisation and other
factors associated with the resistance of viruléndifficile colonisation. This is

because the epithelial toxin binding doesn’t hapgléover the intestine of neonates

(Kaslow and Shiver, 2011).



Furthermore, the hypervirulent ribotype 027 is ribée predominant strain in
Scotland; the dominant strains change from timetinee, and place to place
depending on several factors. It has recently [stedied in Scotland that the most
frequent strains are 001 ribotype and 106 ribotyfeS reports 2011; Freemainal.,

2010).

However, there is still a compromised communiti;redl populations are threatened
by CDI as a result of changes in epidemiology drel dntibiotic susceptibility of

new strains oC. difficile (Kuntzet al., 201J.

During the last decade, the distribution®fdifficile has altered in Scotland. Taeti
al., (2010) investigated the period 1979-2004 for phedominant ribotypes df.
difficile in southern Scotland and the changes in antibgutsceptibility, The study
indicated that the most frequent ribotypes were 808 the incidence during the
study period for 001 ribotype increased eight timédsch reflected the highest
antibiotic resistance pattern, while 012 ribotypemase from 8.7 to 2%. 95.5% of
the total isolates were resistant to clindamycih there is no resistant isolates for
vancomycin in their study. However about 18% oflases are resistant to two

antibiotics and fewer than 8% were resistant tedglor more antibiotics.

Also, the Wiuffet al., (2011) study indicates that ribotypes 106 antl B@ve been
the dominant strains in Scotland for the years 20@82009. It also shows that more
than 93% ofC. difficile dominant ribotype isolateshow resistance to clindamycin,

erythromycin, levofloxacin, moxifloxacin and cefetae, as they can be declared as



multidrug-resistant strains. In addition, low doséantibiotics amplifying the ability
of resistant strains are the main cause of chande difficile epidemiology and
antibiotic susceptibility, as suggested. Thus, ofhehe effective ways to avoid
hypervirulent strains is through control of anttits, which requires a prospective

epidemiological study, and antimicrobial susceptib{(Shearset al., 2010).

An uncontrolled CDI outbreak is caused by sevaatdrs; these factors are related
to the patient conditions, hospital facilities, lieaare systems, microbe ribotypes,

and the microbiota disturbance (Goorhetial., 2011).

The host association factors are divided into twaugs: host health conditions, such
as haematological malignanagflammatory bowel disease, and geriatric, or other
compromisation factors (Harbatrét al., 2001). The second group concerns the
medical process and treatments, such as nasogestrimations, acid suppression,
proton-pump inhibitor, H-2 receptor antagonist, ticmsteroids, long-term
hospitalisationand high exposure to broad-spectrum antibiotiosh 1% clindamycin
and third generation cephalosporin, as well thel @matibiotic consumption

contributing to disturbing the gut microbiota, (St al., 2003).

The exposure ofC. difficile to ampicillin and clindamycin may stimulate some
binding factors, such as SLPs, Fbp68 and Cwp66,eamz¢gmatic activity, such as

cysteine proteases Cwp84, which corrupts bowehelpitm (Dene’vet al., 2008).



Additionally, prophylaxis from low doses of firsegeration cephalosporins or the
use of new generation fluoroquinolones are asstiaith the lack of control of a

CDI outbreak and resistance of the hyperviruldmtype 027 ( Pepigt al., 2005).

However, there are some antibiotics that have arlelky such as aminoglycosides
and tigecyline; the latter is a member of the glgggline antibiotics and which have
a wide spectrum effect on anaerobic bacteria, whaimses the toxin production of

C. difficile to be dormant (Baines al., 2006).

Rupniket al. (2009) claim that the controlled use of third gatien, broad-spectrum
antibiotics could reduces the CDI infection up @@ As well the application of
infection control regulations, such as hand washipgtient isolation, using
disposable equipment, striving for the surveillarmfeCDI, and regular teaching

programmes for healthcare employees, is recommeyg&darr (2005).

Additional to the antibiotics-used factors assadatwith the CDI, some viral

infections also contribute. Wilcox and Fawley (2P@éticed that the CDI rate was
higher in the wards infected by norovirus gastreetis. There were also factors
affecting colonisation, such as gene expressiomusited by some intestinal stressed

circumstances, like hyperosmolarity (Deneeval., 2008).

Moreover, the weakness of the infection controkaysin health care organisations
as well as the poor diagnostic tools for the cdntio CDI outbreaks assist the

epidemic (Morrisoret al., 2011). Furthermore, some aspect€ddifficile ribotypes,



such as toxin production and genes encoding nesistance, have an effect on the
virulence of CDI and distribution of types. At tsame time, some of the previous
factors are related to community-acquired infeti@md others to the nosocomial

infection (Goorhuist al., 2011).

Patients who are suspected as having CDI weredtsops developing diarrhoea in
the community or the hospital following consumptioh antibiotics. These were
accompanied by any debilitating condition or angltierisk factors, such as when
the liquid stool is sometimes bloody, combined wgéneral signs, like fever, the
loss of appetite, nausea and abdominal pain, dsaw@l rising white blood cell count
in about 40% of CDI patients and a decrease indalbumin in more than two

thirds of infected persons (Knoepal., 1993).

The symptom of vomiting and a typical serial gaptle outbreaks distinguish
antibiotic-associated diarrhoea Gydifficile from that caused by norovirus and other
bacterial infections, as well laxative abuses deoinflammatory gut illnesses. The
incubation period of CDI is usually two to ten weedfter the start of antibiotic

consumption, to when symptoms appear (Cletraty, 2011).

1.2 C. difficile Typing:

Most members of the genu@lostridium are motile, and there are variations in

oxygen tolerance, buE. difficile is typical of the genus being Gram-positive, rod-



shaped, with subterminal spores and are stricthesybic and produce exotoxins,

which are the main reasons for pathogenicity.

The categorisation of pandem(. difficile isolates depends on accurate typing
methods and of detecting the relatedness bet@ediificile strains in the outbreaks.
There have been many techniques developed for gypmd these included the
detection of phenotypic markers or a genotypic mark which has become a
universal technique to detect epidemics, as it iscky easy, and suitably

discriminative (Indreet al., 2008; Bide#t al., 2000).

One of the genotypic techniques is the polymerasencreaction (PCR) ribotyping,
which is based on the presence of a number ofeallef the rRNA operon, with
variation in the length of the intergenic spac@ioa. This involves the amplification
of the targeted fragments of rRNA between the 16& 28S genes during several
rounds of amplification in a thermocycler to creassily detected amounts of rRNA
by using the two primers in thel6S and 23S flankiagions (O’Neillet al 1995;
Bidet et al., 2000; Singtet al., 2006). Moreover, Indret al. (2008) claim that there

are more than 250 ribotypes; the minority of thesmreuman pathogens.

Analysis of PCR ribotype is traditionally basedealactrophoresis in agarose gel and
has been confirmed as being a useful tool for thdemiological analysis o€.
difficile outbreaks in European countries as it is easys® and is low-cost,
comparatively. However, the main defect in thisagss the weakness of resolution

of fragment size analysis and difficulty in comparpatterns between labs.
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On the other hand, Indet al., (2008)assert that fluorescence dye labelling on the
16S primer for amplification of fragments and thagveloped the technique which
they named capillary gel electrophoresis ribotypimdich is abbreviated as "sr".
This new technique was developed to decrease @abiy the time required for
this test if a capillary sequencer was availabl¢hm laboratory. Furthermore, web-
based software permitted sharing the data betweatysas centres in order to
conquer the problems related to contrast typingCofdifficile isolates, such as

standardised chemicals, methods and tools.

The patterns used in the PCR capillary gel elebtiwogsis ribotyping are the
different sizes of inter-gene spacer regions offBRA gene of the microorganisms,
and the extent of these areasOndifficile ranges from 233-680 bp. This feature
makes PCR more sensitive, as it is able to distagG. difficile subgroups. For
example, the capillary gel electrophoresis ribatgpdifferentiates seven subgroups

from the 014 ribotype, as studied by Indtal., (2008).

1.3 C. difficile pathogenicity:

Bacterial pathogenicity is mainly related to thegence of gene-encoded virulence
factors. However, most of the CDI in a human tablese during or after antibiotic
consumption; also, compromised patients, like tllerty, are able to be colonised
by C. difficile, and it is possible to isolate. difficile from neonatal faeces as these

are carriers without symptoms (Poxteiral., 2001).
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Adult patients colonised bg. difficile were able to be converted to infections when
the gut microbiota was disturbed by medication lweré were changes in health
conditions (Hogenaueat al., 1988). Therefore, the colonisation of the bostarts

by orally consumingC. difficile vegetative cells or more likely spores, followegdab
disturbance of colonic microbiota by medicationhost predisposing factors, which
makes the colonic epithelial cells susceptible @m@ attacked by infectious agents,

with varying severity of infection (Rupn#t al., 2009; Fagaset al., 2009).

Then, the vegetativeC. difficile cells adhere to the colonic epithelial cells by
different factors, such as hydrolytic enzymes, fwgacapsules, and surface-layer
proteins (SLPs) and flagella proteins (Tastestral., 2001; Dingleet al., 2011).
However, most of the effective factors in the pg#mcity are toxins A and B,
which degrade the actin cytoskeleton of the huméestinal cells and kill epithelial
cells. These diminish the gut barrier function arwhsequently cause fluid to
accumulate. Furthermore, these factors stimulate Host immune system;
inflammation presents and produces a pseudomembfanally, the diarrhoea,
colitis and toxic megacolon are the result andddten life-threatening (Rupnikt

al., 2009; Kelly and Kyne, 2011). The infection prdaee is summarised in Figure

1.1
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Bood vessel

Figure 1.1: The diagram designed by Rupsikal., (2009) reviews and illustrates the

infection procedure. TcdA= Toxin A, and TcdB= ToBnBlue cells = neutrophils

There are three toxins produced @ydifficile - Toxin A, Toxin B and binary toxin.
The first two toxins are coded on a pathogeniaityub, as in figure 1.3a. Toxin A
(molecular weight 308 kDa and encodedtbgA) is sometimes referred to as the
enterotoxin according to the effect of gatheringdlin the intestinal loop model by
raising exchange fluids in the epithelial celldjibiting built-up proteins, enhancing
the making of prostaglandins as well as leukotrieswed breaking through the
intestinal border with necrosis of the mucus memér&ubsequently, blood plasma
is secreted into the intestine. Toxin B (molecwearight 269 kDa and encoded by
tcdB) has a cytotoxic action on cell lines and is ofteferred to as the cytotoxin

reviewed byRupniket al. (2009).
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As well both toxins are shared in two thirds of am@acid sequencing; they have
binding activity to the epithelial cell wall and mérane. Also, there is an enzymatic
achievement on the cytoskeleton binding layer alé aeon macrophage and mast

cells (Coheret al., 2010).

Both of these toxins are single protein chains hade three functional areas; a
binding domain on the C-terminal I8y solenoid structure, cysteine protease activity
in the central part, which separates the glucosyhsferase domain (N-terminal)

(figuresl1.2, 1.3) Rupniket al., 2009).

1 PaLoc (19 kb)
I

tedR todB todE bodd toal

JEN-E- e KH—

Figure 1.2: The diagram shows the genes encodidd &ad TcdB. In total there are

five genes tCcdR, tcdB, tcdE, tcdA and tcdC) and are located on the pathogenicity

locus (PaLoc) (Taken from Rupngkal., 2009).

Moreover, the enzymatic cleavage action is the commctivity in both toxins,
which are cytotoxic for cell lines vitro, while the effectiveness of toxin B is higher
by 100-1000 times more than toxin A. After damading intestinal epithelial cells,

this is followed by the formation pf pseudomembsaas a result of degrading the
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actin cytoskeleton, then stimulating the host imegystem to produce tumour

necrotic factore (TNF-0) and interleukins (ILs) (Darkoét al., 2011).

Catalytic domain Translocation demain Binding domain
| l i l 1] |
102 286288365  5I6 544 b7 956 1128 1652 1678
N B
Tip  DXDmotif Cysteine Hydrophoic Aspartate
enzymatic protease region protease
activity
Subrate
specificity

Figurel.3: The structure and functions of toxinaid B, where the catalytic and
binding domains are peripheral and the translooadimmain is central and contains
the hydrophobic region. The enzymatic activity aotbstrate specificity are on the

N-terminal (reviewed by Rupnié al., 2009).

The C- terminal of toxin A, which binds with hostlis, is composed of a five part
recurring structure consisting of glycopeptidesisTgart may stimulate the infection
by an enterotoxin effect, while toxin B (tcdB) cats of 18 cell wall-binding parts,

and has cytotoxic action. These features are usedstandard diagnosis of CDI are

cytotoxicity and toxigenic assays (Crobatlal., 2009; Cohemt al., 2010).

The binary toxin is produced by some strains. Hawuethere is no good evidence
for its function in the colonisation of human bovegithelial cells or for causing cell
damage during infection (Bouvet and Opoff, 2008)e Tbinary toxin or CDT is

encoded on another part of the chromosome (Cdted)ncludes three geneasiR,
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cdtA andcdtB), the two unlinked proteins afedtB andCdtA, but CdtB is a binding

component whil&CdtA has the enzymatic function (Ruprakal., 2009).

COT locus (43 k)
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Figure 1.4: This diagram illustrates the structanel functions of the binary toxin

(Taken from Rupnilet al., 2009).

Additional to toxin A and B, binary toxin is sugged as being a virulence factors in
C. difficile. It is known asactin-specific ADP-ribosyltransferase toxin or CDlhe
CDT was investigated by western blotting, whilelA andTcdB genes for toxins A
and B were examined by PCR. To date, the role ef @DT in C. difficile
pathogenicity has not been confirmed in human Gk, it is known to induce
microtubule formation in tissue culture cells andymaid adhesion o€. difficile

cells invivo (Schwanet al., 2009).

Although TcdB and TcdA are predominant in the pgérocity of C. difficile, other

factors also support these toxins in the infectiquecess. The competition
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phenomenum between bowel microbiota indicates thetribution of intestinal
colonisation by non-toxi€. difficile, and that other commensal microbiota protect
the host bowel from CDI as a symbiotic relationshiperefore, disturbances of

microbiota by the antibiotic use enhar@dlifficile (Sambolet al., 2002).

Dingle et al. (2011)suggest that the surface layer proteins (SLPs) hawte in the
adherence step in the infection process, sincec¢hewall proteins (CWPs) fasten
SLPs on the external cell surfaces@fdifficile, and SWPs 66 and SWPs 84 are
concerned with adhering to epithelial cells and ndayage outer cell matrices.
Furthermore, the flagellar proteins ©f difficile (FIiC, FliD) and the basic structure
of flagella are a part of the connection processrtpenetration of the mucus layer in

the epithelial cells.

The capsule is suggestedbathg avirulence factor in bacterial infection and an anti

phagocytic part by Tasteyetal. (2000).

1.4 Theredationship between intestinal defence system and microbiota:

The intestine is one of the highest sites of mi@iotolonisation in the human body,
and the relationship between microorganisms andythendicate efficiency of the

host defence, which is characterised by differéintigbetween pathogenic and non-
pathogenic microbes; some of these microorganise@nmensal and the other

pathogens are opportunist®aghiffrin and Donnet-Hughes, 2011
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The function and structure of the intestine allake bowel to control the microbiota,
where dgesting food, removing undigested food and pathmgagents, are some of
intestinal functions. Moreover, regulating the msicoembrane, intercellular linkage,

epithelial cells and immune responses are otheatitums (Kim and Ho, 2010).

There are four types of luminal epithelial celidisorptive enterocytes, goblet cells,
Paneth cells and enteroendocrine cells. The gaklétrange from 4% to 16% in a
colon and depend on the rising microbial count. |8blrells secrete some
components of mucus, such as mucins, peptidespiagihg proteins. The mucins
have roles in human innate and adaptive immunifgr-instance, the effect on
binding with pathogens, adhesion, growth factors] aytokines Dharmaniet al.,

2009.

The major cells are enterocytes, which are abs@pénd also responsible for
producing cytokines and chemokines in order to rmbnimmune cells in the
subordinate tissue; thePaneth cells create antimicrobial peptidesand
enteroendocrine cells generate peptide hormoneshdfmore, the lymphoid cells
activateindigenousparticles which arperovidedto immune cells in the lymph nodes.
Although he ability of the cells involved in innate immunity identify antigens of
pathogens in the bowel depends on imperfect featmeptors, which cannot specify
the antigens when exposed, they can generallyndigsh pathogen-associated
molecular patterns and are useful in the organifiegadaptive immune response

(Schiffrin and Donnet-Hughes, 2011)
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The innate immune system has many actions, sualchemical barrier, like acidity,
in the stomach and the intestinal folds with movetsesuch as physical action; also,
pepsin, trypsin and other enzymes, bile and miotabcompetition have a role in
inhibiting infectious agents, and phagocytes antibadies attack foreign bodies

(Janewayet al., 2001).

One of the first lines of protection from foreigndies in the host bowel is epithelial
cells, which sense thegathogensand unusual growth of indigenous microorganisms
and promote the immune system. The mucus layeeqgiothe epithelial cells from
physical and chemical injury and prevents the céltsn direct contact with

endogenous antigens.

Immunoglobulin A (IgA), which is bound to the mclayer and which prevents the
attack of pathogens in the gut lumenrmutralising bacterial lipoproteingyhilst
also combining with many antimicrobial peptides,athare secreted by Paneth cells
that have a function in preventing the intestin@én from microbial attack. These
compounds have an influence aefences such as lysozyme and cathelicidins

(Maldonado and McCormick, 2011).

As the main role in the gut homeostasis is infleehdy mucosal antibodies,
Benckertet al. (2011) suggested that the disproportion in ti#edgd IgG production
by B cels in the intestine may be accompanied by bowetatissHowever, they
found that a quarter of intestinal IgA and 1gG weryreactive. Mainly, specific

detection of the pathogenic and commensal micrabesell self-antigens and 100%
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of the bowel antibodies were somatically modifieehich clarified that colonic
homeostasis is the result of specific immune B oedponses in the intestine; this
provides essential recognition of uncontrolled de& reactions present in

inflammatory gut diseases.

Therefore, many microorganisms have modified theuasion methods to avoid
these barriers, such & difficile toxins, which weaken the stability of a tight
junctional complex (TJC), such as claudins and umink, which prevent bacterial
adherence to epithelial cells and which controthegial cellpermeability(Nusratet

al., 200).

Identification of pathogens and molecular strutuieated to microorganisms, like
flagellin, peptidoglycan, and lipopolysaccharidd’@), also formylated peptides in
lumen cells, is done by receptors, such as thaeattular Toll-like receptors (TLRS)
and the intracellular Nod-like receptors. Theseeptars induce IL-1, IL-6 and
tumour necrosis factor alpha (TNff-as part of the innate immune system. In
addition, there are huge families of cytosolic @attrecognition receptors, which
also have subfamilies that dependMiterminus patternsAll of these receptors are
involved in surveillance of the extracellul@ndolysosomaand cytoplasm signs in

the infection and damaged epithelium layeawai and Akira, 2006).

Inflammation of innate immunitgan bestimulated by antigens, which enhance the

adaptive immune reaction by activating the antigamd which achieve the desired

stage via interaction with pattern recognition @oes (PRR). These molecules pass
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the cell membrane into endosomal compartmentsartsie cell, and through a series
of reactions, cytokines and chemokines are produChdrefore, innate immunity
has the “decision” on protection and bowel stapilifFor instance, in the
steady/healthy bowel, the symbiotic microbiota emeaepithelial cells in order to
producehomeostatic cytokinesuch asTGF, to suppress thdendritic cells (DC),
which are required to create a primary antibody,ilevistimulating the pro-
inflammatory cytokine production through epithelealls to stimulate the DC in the

infection (Schiffrin and Donnet-Hughes, 2011

In addition to the competition of symbiotic micrganisms to the pathogens in the
bowel, the microbiota are involved in gut homeastatie endorsement of intestinal
lymphoid tissues and the amplifying production mtestinal villi also accompanies

the life cycle reduction of epithelial cells. Itsal affects epithelial cell permeability,

intestinal mucous layer composition, thickness, pactness as well as mucin
formation (Maldonado-Contreras and McCormick, 20Mgreover, the creation of

some antimicrobial peptides by Paneth cells wassidemably increased by the
presence of bowel microbiota, as opposed to getdinecroorganisms (Karlssost

al., 2008).

Consequently, the intestinal innate immune systena iprimary defence, which
maintains a stable bowel microbiota asgimbiotic microorganisms, which assist
intestinal immunity as well as presenting antigens to the adaptiveune system.
Additionally, elucidating the pathogen-associatedleoular pattern effects will

clarify the pathogenicity and will control the icten. Furthermore, figure 1.5,
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which was designed biylaldonado-Contreras and McCormick (201éjpresses the

role of innate mucosal immunity by intestinal epital cell performances.
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Figurel.5: The intestinal epithelial cell properties that regulateate mucosal
immunity. The abbreviations are: antimicrobial peggs (AMPS), interleukins (lILS),
immunoglobulin A (IgA), polymeric immunoglobulin Aeceptor (pIgAR), human
cathelicidin (LL-37), lipopolysaccharide (LPS), MIs microfold cells, macrophage
(Mg), mitogen-activated protein kinases (MAPK), jgida proteins MYD88, TRIF,
TIRAP, TRAM, Rip2, nuclear factor kappa-B (NdB), nucleotide-binding
Oligomerization domain (NODN), pathogen-associatedecular patterns (PAMPS),
toll-like receptors (TLR) (Reproduced fromaldonado-Contreras and McCormick,
2011)
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1.5 C. difficile call wall structure:

The cell wall structure of. difficile consists of a cytoplasmic membrane from inside
the peptidoglycan polymer layer, which is coatedthosy cell wall proteins and the
lipoteichoic acid (lipocarbohydrate antigen LC)luded in peptidoglycan (La Riva

etal., 2011).

Faganet al. (2009) diagrammed th€. difficile cell wall and exemplified two
molecular weights of surface layer proteins (SLPgh molecular weight (HMW)
and low molecular weight (LMW), as well as other aimcell wall protein
components (Figurel.6). These cell wall proteinsy mhave roles in bacterial

adhesion to epithelial cells (Caladial., 2002).

The other clostridial wall proteins (CWPs), whiahe enclosed to the three cell-
binding motifs, are in small amounts and have aoded gene calledvp; most of
them are supposed to have a role in adhesion, asidBwp66, which is a phase
variable protein, CwpV, Cwp84 and Cwp2, which isyateine protease (La Rih

al., 2011).

Additional to CWPsC. difficile genomes determine a number of putative surface

proteins which have been distinguished at the nudedevel, for examplefbp68

encoding a fibronectin binding protein (Fagéml., 2011).
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Figure 1.6: Model of the cell wall df. difficile. The diagram illustrates two SLP
peptidoglycan layers: the HMW SLP (light grey) ahd LMW SLP (dark grey). The
white structure indicates other small cell wall teins (taken from Fagasat al.,
2009).

La Rivaet al. (2011) simplified the role of some CWPs in theictiure of a cell wall.
Firstly, the preprotein production includes a slgpaptide. The second step is
removing Cwp84 and Cwpl3 preproteins, and by atabas activity in Cwpl3,
the activity is not cleared in Cwp84 when combini@gvpl3 to structure the
enzymes, which is included in the S-layer. Nexghhand low mol. wt. SLPs is
formed after the SIpA primer form cleavage by aet®wp84. Finally, the Cwpl3
identified the mis-folded proteins and arrangechttachment in the growth medium

of the bacterial cell wall (figure 1.7).

Processing FProcessing Cleavage of Slps and Mis-folding
of Cwpi3 of Cwiniid formation of HIL complex

Growth

m o m I.-"" medium

::::::

Figure 1.7 Represent the processing and activities of Cwp@84Gmpl3 proteins.
(S-L, S-layer; PG, peptidoglycan; Mem, membranet, Cytoplasm). Taken frorha
Rivaet al (2011).
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The second layer in the clostridial cell wall isppdoglycan PG, which is located
between the cytoplasm membrane and CWPs and isa@0nmetres thick; the
teichoic acids are part of it. Despite poor knowkedf PG structure and biosynthesis
in C. difficile, it seems to contaimhigh amount of glycan, which is meothan90% N-
deacetylated; the non-acetylated amino sugars oéfgstance to lysozyme. Alsdha PG
biosynthesis inC. difficile was suppressetly some antibioticswhich may be a
hypothetical key in the infection control by antitics (Peltieret al., 2011; Fagamt al.,

2011)

The Peltieret al., (2011)study of composition and structure ©f difficile PG show
the homologous proteins if. difficile genome containdt.y (CD2963), |dtcg
(CD2713) andCD3007. It is supposed that these proteins contain astn@mbrane
area which has catalytic activity with th&X@&C conserved motif in different levels
and the other protein i€. difficile genome which has no hydrophobic areas that
could act as binding membrane but contain a puwapeptidoglycan anchor area
consisting of three CWB-2 modules or two SH3 moslulhe sequence of preserved

motifs of C. difficile peptidoglycan is presented in (figure 1.8).
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Figure 1.8: The diagram shows the chain of preskemetifs, and L, as well as the
D-transpeptidase domain compositiorCotifficile peptidoglycan and the identity of
the catalytic area. The grey terminal is the saega and the black is the catalytic
part; both are supposed peptidoglycan. Thiey that encodes a protein of 469
residues antldt.y, (CD2713) andCD3007 display significant sequence identity with
the Ldtfm catalytic domain, also all of them have no hydaiph regiongPeltieret
al., 2011).

1.6 C. difficile antigens:

The pathogenicity o€. difficile is related to many components, such as toxins A, B
and binary. Also, cell wall-, flagellar- and suréaassociated proteins are suspected
to be involved in the infection. These compounds arainly induced in an
immunological reaction between host and microogasi (Sanchez-Hurtada al.,
2008; Fagamt al., 2011; Spigagliat al., 2011). Although the majority @. difficile
isolates from patients produce one or more toxgog)e previous studies claim that
the C. difficile virulence is related only to Toxin B. However, eatly, many
researchers have suggested that the infection s®ciated to two toxins

(Permpoonpattanet al., 2011).
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The cell wall and flagella proteins are a partlod puter surface of bacterial cells,
which have direct contact with epithelial cells.eBk proteins consist of SLPs and
CWPs. Up to now, the predominant proteins in @edifficile cell wall are the
surface layer proteins, which are composed of temdspof high and low molecular
weight surface layer proteins (HMW and LMW) SLPadBnet al., 2011; Spigaglia

etal., 2011).

The C-terminal proteins are the base of HMW SLPhiclv are responsible for
mediating attachment to the underlying cell wall pytative cell wall binding
motives (Pfam), and the LMW SLP is the immunogerigion which contains the

N-terminal proteins (Spigaglet al., 2011).

In fact, it is recognised by specific antibodiesnii sera of patients infected &
difficile, and the specific immunoglobulin for some of th@seteins is present in
CDI cases. However, the different version€aipV may assisC. difficile to escape
from our innate defences. MoreoverCadifficile congregation in the bowel that is
encouraged bgZwpV might affect the colonisation; ti@wpV role in infection needs

more investigation (Spigagl& al., 2011; Reynoldst al., 2011).

The hypotheses of SLP roles in bacterial adhesitich is suggested by Caladti

al. (2002) according to their in-vitro and in-vivo adlive observations, as well as the

immune response investigation to SLPs by Sanchetatiwet al. (2008) and Wright
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et al. (2008) recommended that the SLPs have a rolewebcolonisation and are a

helper factor irC. difficile infection and antigenic active proteins.

The C. difficile flagellar proteins FliC and FIiD and the surfasseaciated protein

Cwp66 and Cwp84 roles in the infection were rewedlg Pechinest al. (2005),

when they detected immune responses to these msatier CDI.

1.7 Theimmuneresponseto C. difficile:

1.7.1 General view of immunity:

The host differentiates between self and non-sdities by different methods. The
immune system is divided into two parts, the inretd adaptive immunity. Innate,
or natural immunity is the first line of defence wsll as it being characterised by
being fixed in the genome, non-clonal, with immeeliactivation and recognising
conserved molecular patterns, like lipopolysacdear(LPS), lipoteichoic acid
(LTA), mannans, and glycans. Also, it respondsaatimulatory molecules, such as
cytokines (IL-B, IL-6) and chemokines (IL-8). The effector cellgnsist of
macrophages, polymorphonuclear leukocytes, and ocedlst which were created by
innate immune detection. While one of the effecthadural intestinal barriers is
microbiota, normal colon movements and the aciditythe gastrointestinal tract
protect the bowel fronC. difficile colonisation. These phenomena led us to think
about a probiotic strategy with non-toxic CD, whiptevents hamsters from CDI

(Poxtonet al., 2001; Janeway and Medzhitov, 2002; Sanebal., 2002).
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The gut immune system is activated when neutro@rsstimulated by IL-1, IL8,
TNF-o and leukotriene B4, which are produced by stinmgptesident cells by the
antigens. The neutrophils migrate from blood vesgelcolonic mucosa in a massive
way. The specific antagonistic peptide controls thflammation and this peptide is

present in gut tissue (Poxtehal., 2001).

The innate immune mechanisms detect and destr@ctiofis agents without a
prolonged period for induction; it also discrimiestbetween host cells and pathogen
cell surface. However, adaptive immunity needs nsiages to remove infectious
material, beginning with transporting antigens ymphocytes then a recognition
phase after the clonal expansion and differentiatio effector cells. Finally, it
removes the infectious agents, but is characteasegpecific with memory to control

reinfection (Janewast al., 2001).

The adaptive immune system is encoded by clonaégeis concerned with the
details of molecular structure, and specificallgntifies proteins, carbohydrates,
lipids, nucleic acids and whole pathogens. The pads of the immune system use
the same effecter cells (Janeway and Medzhitov2R0%s the gut mucosal tissue is
the main mediator for pathogenic access for thd, ltbe adaptive immune cells
secrete huge quantities of immunoglobulin (Ig) #mel majority is an IgA antibody,
which is one of the frontline defences to protéet ¢pithelia. It passes between cells,
translocating onto mucosal cells and is a parhefltomeostasis in the bowel. Also,

IgA in humans has two subclasses: IgA1 and IgAZ TgA2 is more resistant to
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bacterial proteases and is present in overloadetefia growth areas. A second
immunoglobulin detected in the lumen is IgE, andniolved in hypersensitivity

reactions (Cerutit al., 2011).

Depending on the structure, cytokines are dividedo ithree families: 1)
Hematopoietin comprises growth hormones and somteelenkins, such as IL-6; 2)
Tumour necrosis factor TN&- and 3) Chemokines which are a division of
cytokines. All cytokines have roles in both innated adaptive immunity, as the
cytokines are produced when the bacterial prodstatsulate macrophagdaneway

et al., 2001).

C. difficile antigens can be divided into two groups - toxing aon-toxins. The
toxins includes toxin A, B and binary, while non«to antigen includes SLPs, FIiC,
FIiD, and surface-associated proteins, such as 6vapd Cwp84Sanchez-Hurtado

et al., 2008; Kelly & Kyne 2011).

Some studies on the inhibition of the severe reastin colon epithelial cells caused
by C. difficile toxins A and B show protection to epithelial ingg. Many studies
indicate that more than 50% of a population haveials levels of IgG and IgA
antibodies toC. difficile toxin A and toxin B. Also, vigorous anti-toxic imme
responses are present in the toxinogéhidifficile carrier without symptoms, as

opposed to symptomatic patients (Kelly & Kyne, 2011
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1.7.2 Functional role of surface layer proteins (SL Ps):

The SLPs have two components: high molecular weigMW) and low molecular
weight (LMW). These proteins are created afteraadlational split of a precursor.
SLPs are present in afl. difficile strains and the cell wall may have a role in
adhesion to epithelial cells. Also, it is an immdaminant antigen by disturbing the
cytokine equilibrium in human monocytes, and itrgtiates monocytes to produce
IL-10 and IL-12. Thus, the hypothesis of SLP effeat irritation of intestinal lining
bowels is expected. So, Bian@ al., (2011) proposed that SLPs have similar
immunomodulatory action. However, there is no \&ra between SLPs from

hypervirulent and epidemic strains.

McCoubrey and Poxton (2001) suggested that the SkRish show dissimilarities
in isolated antigens, and their molecular weightesye a role in immune reactions
and bacterial virulence. Immunoblotting of SLPs banused to distinguish between

isolates.

The LMW SLPs are suspected as being an immunodanargigen inC. difficile
isolates by Spigagliat al., (2011), as they notice that three specific pestittom
the two exposed surface regions out of ten regiensgnised PCR sequencing for
LMW SLP between 027 ribotype and 001 ribotype. Timee peptides predicted by
human and rabbit anti SLPs for ribotype 027 andrafj&SLPs from ribotype 001 in
human sera only, which is supposed to be presenpathogenic bacteria.
Consequently, it is significantly interesting toudy the proposition of SLP

effectiveness on epithelial cell activation andhpgenicity (Bianccaet al., 2011).
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Fibronectin binding proteins (Fbps) and the geneis FbpA

Various cell surface receptors are responsibléhiferadhesion of pathogenic agents;
these include fibronectin, fibrinogen, collagen artdonectin. The SLPs were linked
to collagen, thrombospondin and vitronectin, wheréaronectin-binding proteins
Fbps were suspected to join to fibronectin or lamifibronectin is a glycoprotein
present in the body fluids and in the extracelldamponent of human tissue; the

Fbp inC. difficile is Fbp68, which has a weight of 68 kDa (Henne@tiad., 2003).

1.7.3 Functional role of Flagellin:

Although C. difficile toxin activity is the most important virulence rhaaism in
CDI, there is a hypothesis that flagella are inedhpathogenicity features, such as
virulence, adherence, invasiveness and colonisati@nsuggested by Tastewteal.

(2000).

The flagellum structure shows a whip shape ands itesponsible for bacterial
movement. It consists of a single component polyoadied flagellin. It is composed
of about 500 amino acids polymerised to make uglégellum, which is fixed to the
cell wall by a base and hook. In addition, the éléaygenes consist of three classes:
transcriptional regulatory proteins (FIiC/FIiD) sl basal body and hook proteins
(FIIA/FIgM) (activator and repressor) class, and third class is genes encoding the
hook filament adaptors, cap, motor, chemosensasiesy, and the flagellin protein

that polymerises to form the flagellar filamentsiékemet al., 2009).
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Tasteyreet al. (2001)confirmedthe function of encoded genes FIifi€ 39-kDa)
and encoded genes FliRiD 56-kDa) and flagellar proteins in the adherenceh&o
luminal cellsin vitro; they provide colonisation, as they recognisedfkagellar C.
difficile strains had adhered to mouse caecum tissue tess timgher than non-

flagellar strains.

The function of the flagellin polypeptide is susigecto encourage the essential
immune response by stimulating the Toll-like receptas well as inducing several
cytokines, thus enhancing the adaptive immunitye Heativation of the immune
system demolishes the foreign body and preventctioin in the gastrointestinal

system (Aderenet al., 2009).

1.7.4 Functional role of Lipocarbohydrate LC:

The majority of Gram-positive bacteria cell memlagrconsist of peptidoglycan-
attached carbohydrate-based polymers into their cating, such as cell-wall
glycopolymers and these polymers are involved m photectiveness of bacterial
cells, gut epithelial cell adhesion, irritation artdve immunogenicity activity

(Weidenmaier and Peschel, 2008).

C. difficile cell envelope consists of a cytoplasmic membr&id)s and between
them, the peptidoglycan, which includes lipoteichacid (LTA) (lipocarbohydrate
LC antigen) (Sharp and Poxton 1985; La Raval., 2011), and the antigenic activity
of C. difficile LC, which was extracted by aqueous phenol and EDWAs

investigated by Sanchez-Hurtadbal., (2008) to IgG and IgM responses, which
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shows a high level to both immunoglobulins. Howevtrey did not notice
significant differences in the antibody levels beén the control and the study case

groups.

Mohamadzadelet al. (2011) deny that the lipoteichoic acid enhantesdendritic
cells (DCs) to produce proinflammatory cytokinegy(elL-12) that are causative of
ulcerative colitis and Crohn's disease in humansd ahat removing the
phosphoglycerol transferase gene, which plays arkkyin the lipoteichoic acid
biosynthesis irLactobacillus acidophilus, one of the normal gut components, down-
regulates IL-12 levels and considerably alleviatekiced dextran sulphate sodium
(DSS) in mice; thus gene changes of normal guttebat flora, such as
Lactobacillus acidophilus, may propose alternative therapy if immune respoase

regulated.

1.7.5 Functional role of Capsule:

Davies and Borriello (199(Qroposed that toxigenic isolates@fdifficile may have
other potential factors, such as capsules, flageild hydrolytic enzymes, and that
the anti-phagocyte activityn vivo may be affected by capsules, as its location is in
the bacterial cells. However, little more has besported on capsules @ difficile

and it is uncertain whether they exist.

1.8 C. difficile antibiotic susceptibility:

Treatment CDI with antibiotic not include asymptdimacarriers as well oral

antibiotic consumption disturbs the gut microbi@ad enhance€. difficile to
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colonise the bowel as well as to invade the epdheklls in order to establish the
infection complications, and it can take at leasdrtty days or more up to months for
the human bowel to recover homeostasis (Bartte#l., 1992; Poxton, 2010; Kee,

2012).

However, some antibiotics suppressed @halifficile growth and the pathogenesis
ability. The relationship between antibiotics adddifficile is not clear with a wide
range of effects, even to anaerobes. For exanlipigamycin enhance€. difficile

to colonise the host gut, while moxifloxacin doed.rOn the other hand, ampicillin
does not have a broad spectrum or weak activityaiaerobic bacteria, thus
distinguishing it as an associated antibiotic tol ¢Dene veet al., 2008; Pituchet

al., 2011).

Thus, discontinuing the present antibiotic in wsegsential in the CDI medication or
at least should be replaced by safer antibioticavimd diarrhoea which may cure
25% of cases within 4-5 days, except for the casesot stop antibiotics, which

brings about dehydration. Therefore, substitutetedgte is required (Kee, 2012).

The cheapest treatment choice is oral metronidazseopposed to the expensive
vancomycin, (and it is essential for MRSA treatmemurthermore, the normal

intestinal peristaltic movement is essential tauol¢he gut from the pathogens, and
anti-peristaltic agents often used to treat diagehare not recommended for CDI, as
it can interrupt the improvement also the excharggins should avoid when treat

CDI as it may combine with antibiotics (Poxton, 20Kee, 2012).
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The standard treatment of metronidazole or vancamygclO days, which supports
reinstating the microbiota and stops chances afrrigxg, as suggested by (Bartlett,
1992). Even though vancomycin is expensive, itugable for the incompatible

patients to metronidazole; the other disadvantajesetronidazole are decreasing
the susceptibility to neurotoxic complications andhy replace vancomycin by

teicoplanin (Belooseskst al., 2000; Brazieet al., 2001; Chengt al., 2011).

Recently a narrow-spectrum macrocyclic antimicabidaxomicin become as
novel strong competitor to vancomycin as thereasvariation of clinical cure rate
between both antibiotics. Moreover fidaxomicin isne durable resolution of CDI
and may be has lesser disturbances effect on boweebbiota during treatment as
well in the CDI infection by 027 ribotype, the redarate of recurrent infection is
less, which is make fidaxomicin so far the saferbaotics to treat the CDI as well
fidaxomicin approved for adults from food and dragministration (FDA) as

vancomycin (Poxton, 2010; Louetal., 2011; Kee, 2012).

1.9 Alternative treatmentsfor CDI:

Many non-antibiotic methods to control CDI have mepproach such as passive and
active immunization also probiotics are being inigaded. Intravenous
immunoglobulin (IVIG) as treatment for CDI has rm¢en successful so far, but
recently some studies investigated intravenousttigie of monoclonal antibodies

against toxin A and toxin B and these have showe@table results (Lowsgt al.,
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2010). A newly developed vaccine by Sanofi Pastehich is based on toxoid has

been granted a fast-track development from the FD2011 (Kee, 2012).

A considerably effective probiotic organism in Céatment wassaccharomyces
boulardii and has also been used to avoid or decrease akarrivhen using
antibiotics. Other studies usédctobacillus rhamnosus or a combination including
bifidobacteria. However, some of these may causedsitream infections, and due
the shortage of information especially for compreedi patientsthe Society for
Healthcare Epidemiology of America (SHEA) and Iiegs Diseases Society of
America (IDSA) guidelines do not recommend prole®tio prevent primary CDI

(Kee, 2012).

1.10 CDI managing procedur es:

The most important precautions to avoid spread.oflifficile by visitors include
recommending the use of gloves and gowns as welhasl washing with
antimicrobial soap after patient contact (figur¢lafd to avoid alcohol-based hand
sanitizers. Medical staff should provide a privaemmode for CDI patients if
isolation rooms are not available and they showlmidareusable equipment which
could be a source d. difficile spores. Also, strict supervision should be made to
restrict antibiotic use especially for cephalospsyribroad spectrum penicillin and
clindamycin except for surgery prophylaxis advi€geaning areas where CDI
patients are present should be done with sporieigahts and chlorine (hypochlorite

solution/bleach) is recommended (Coheirgl 2010; Kee, 2012).
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Figurel.9: Picture of hand washing steps from Hitgew.cvh.on.ca/patient-safety/

To put it briefly,C. difficile is one of the superbugs which is terrifying thalttecare
organisations. It colonises the human gut causingarage of symptoms from
relatively mild watery diarrhoea to life-threategipseudomembranous colitis and
Fulminant colitis and toxic megacolon. Its spores present in the community and
the hospital environments, also it is resistantni@ny antibiotics (but not to those
used for treatment) and the frequencies of thdiotypes and the antibiotic

susceptibility are variable.

As the first step of infection is likely to be adiion, the binding of th€. difficile

outer cell wall components with the receptors oitheghial cells represents the

adhesion stage. As well there are various bactettdr cell wall compounds with
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different immunogenic effect which are suspectetawee different roles on the host
immune response. Thus, studying the immune respdogbese. difficile cell wall

structures and flagellar proteins by estimatingitheunoglobulin level in the serum
of symptomatic and non symptomatic patients as agthormal healthy donors may
clarify the distribution of the immune response iagha bacterial antigens in the

different stages of infection.

As well, the effects of bacterial antigen on theate and adaptive immunity by
exposing the antigens to the monocytic cells sictha THP-1 cell line to estimate
the production of interleukins to induce the pa#ragity. This may allow the follow

up of patients, to investigate CDI, to protect @aits and to control the infection.

On the other hand, predicting the changindgCotlifficile ribotypes distribution and

antibiotic susceptibility can help to avoid outtkeand helps with the health care

cost and makes life safer particularly for compreedi patients.

1.11 Aims of thethesis:

There is wide debate about the activity of the welll and flagellar proteins, such as
their effectiveness in adhesion, gut colonisatiod ghe immunogenic activity. It
was, therefore, reasonable to study these featwrasderstand the&lostridium
difficile epidemiology, pathogenicity and the host immurspoase. Thus, the thesis

contains five research topics:
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To identify C. difficile isolates from surgical patients and their envirenm
by capillary gel electrophoresis to determine tiedrithution of C. difficile
PCR ribotypes by this new technique and to disistguhe predominant
ribotypes in the surgical unit, as well as to coregaie results to agarose gel

electrophoresis.

To estimate the antibiotic susceptibility in theasis isolated above to six
antibiotics  (ampicillin,  erythromycin, tetracycline metronidazole,
moxifloxacin and vancomycin) and to detect the MIEGs these six

antibiotics against th€. difficile isolates.

To separate the cell protein SLPs, lipocarbohydi@t€) and flagellar
proteins from the six most frequent strains in ®euth Eastern area of
Scotland, in order to determine the hypothesisrohunogenicity of thes€.

difficile proteins.

To evaluate the antibody (IgG) levels by ELISA hethealthy donor and
hospital-admitted elderly patients from South Bastaea of Scotland tG.
difficile SLPs, LC and flagellar proteins from the six mo@thmon ribotypes
(001, 002, 0012, 0027, 078, 106) as well as highipwunogenic LPSrom
E. coli as a control.. Hospital admitted patients weressifeed as
symptomatic cases, asymptomatic patients (carriarg} non-colonized

patients as controls, and this depends on thesste#@e difficile colonization.
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* To determine the affects of different antigensrmatuiction of chemokines and
cytokines from the THP-1 cell line: ILBl IL-6, IL-8, IL-10, IL-12 and

TNFa.
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CHAPTER I MATERIALSAND METHODS
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The chemicals used in this study were preparechtgrrniational standard methods,
unless mentioned otherwise. The distilled waterll{pMire, Billerica, MA, USA)

used in all water base chemicals solution, exceptPCR preparation where
Nuclease-free water (NFW), was used. Phosphateeteuff saline (PBS) was
prepared in all research by dissolving ten taldé®BS (Oxoid, Basingstoke, UK) in
one litre of pyrogen-free water and autoclaved feefase. All other autoclavable

chemicals were autoclaved prior use.

2.1 Samplesinvestigated in the study:

Blood, stool and environmental samples were uselderstudy analysis.

2.1.1 Samplesand ethics:

The Local Research Ethics Committee approved alical sampling. Stool and
blood samples were collected from surgical wardep#t and their environment was
also sampled — at the Western General Hospital (JY@id Royal Victoria Hospital
in Edinburgh. Serum samples were collected from Bieod Donor Centre

Edinburgh.

2.1.2 C. difficileisolates:

The 140C. difficile isolates used in this study were isolated fronolstdrom
different patients and their environments in swuabgwards of the WGH. These were

collected by Dr Surekha Reddy, one of MPRL groupntoers. Control strains were
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from the MPRL group culture collection.. All straiwere stored in cooked meat
broth and subcultured on blood agar or CCEY medeifore picked for colonies for

any proposes of the research.

2.1.3 Blood samples:

Blood samples consisted of 230 healthy donor sasnalel the patients samples
included 20 samples from symptomatic patients,&0m@es from carriers as well 26

control samples from the collection of MPRL groupieh are collected during 2006.

2.1.3 Culturemedia;

The following media used in the investigation wéose different purposes: to store
bacteria or determine colony characters and sorestior distinguishingg. difficile.
However the enrichment growth to produce the bieaasl that for determination of

MICs required special broth media.

2.1.3.1 Blood Agar medium (BA):

Blood agar medium used for bacterial growth and ithgredient are Proteose
peptone 15g/L, Liver digest 2.5 g/L, yeast extiagh_, NaCl 5g/L and agar 12g/L ,
also pH adjusted for 7.4 at 25°C. Horse blood agded to a final concentration of

5% of medium.

2.1.3.2 Cefoxitin-cycloserine-egg yolk agar (CCEY):

This contained Proteose peptone No 2 (Difco) 40gHRO, 59, KH,PO, 5g, NaCl

29, fructose 6g, MgSQ7H, O 0,2g, Neutral red (1% neutral red in ethanol) 8nd
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Agar (Bacteriological agar, Oxoid L11) 20g, aftetaclaving added sterile Egg yolk
(Oxoid SR047C) 50ml, cefoxitin (1.6g/l) 5ml and Betoserine (50g/l) 5ml were

added.

The ingredients were dissolved in 1L distilled wasad autoclaved at21°Q15
minutes then cooled to 30. The agar was dispensed in 15 to 17 ml amoutds in
9cm Petri-dishes and allows setting. To dry thdasas of plates they were kept at

37°C for about 1 hour, and then stored 4 4Georgeet al., 1979).

2.1.3.3 Protease Peptone Yeast Extract Medium (Redum):

The PPY medium was used for an anaerobic growtlC.ddlifficile strains. The
ingredients consist of: Protease peptone (Oxoid), X®ast extracts (Oxoid) 10g,
NaCl 5g; cysteine HCI (3.75% w/v solution) 20ml;daom carbonate (2% w/v
solution) 20ml; haemin (2%@/ml)/ menadione (503/ml) were added to 850ml
distilled water. The pH was adjusted 7.1 and mau litre with distilled water. It
was autoclaved at 121°C for 15min then stored @t 4t dispensed in 4ml in bijoux
or 15ml to universals tube and autoclavd21°CQ15 minutes with caps loose. The
caps were tighten caps when still hot, immediatelyremoval from the autoclave,
and stored at°€. (ReferencePractical Medical Microbiology, 14th edition, p507

511).
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2.1.3.4 Cooked meat broth:

Cooked meat media used to store @hdlifficile at room temperature. The contents
of the medium were Proteose peptone (Oxoid L85) X@@st extract (Oxoid L21)
5g, Trypticase (BBL 11921) 5g, NaCl 5g, cysteinel H&E75% aqueous solution)
20ml (or 750mg dry), N&LO; (2% aqueous solution) 20ml (or 400mg dry) and 20mi

Haemin + menadione solution.

The ingredients were dissolved in 940 ml distileater then the pH adjusted to 7.1
and the volume completed to 1L. It was dispensedidrijoux and added 0.5cm

dry cooked meat particles or 15ml plus 1cm dry embkneat particles to universals,
or as required, and autoclaved121°CQ15 minutes after that recapping whilst still
hot and store at°€. It was pre-reduced at or €7 for 24h in the anaerobic cabinet

before use. (Practical Medical Microbiology, 14thten, p507 -511)

2.1.4 Chemicals:

The chemical required in epidemiological study unld Gram stain and ribotyping

reagents.

2.1.4.1 Gram stain reagents:

0.5% wi/v aqueous methyl violet, 2% iodine in 0.1MQH, acetone and 0.1%

aqueous basic fuchsin were used in Gram stain.

2.1.4.2 Chemicals for ribotyping:

The ribotyping methodology followed that of O'Nedt al., (1996) with the

modification of Indraet al., (2008) for capillary gel electrophoresis (CGE).
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Utilizing the oligonucleotide primers complementaoythe 3' end of the 16S rRNA
gene in the positions 1445-1466 and the 5' enl@PB8S rRNA gene in the position
1-20 which was labelled by florescent dye carbdugiiescein (FAM), the variable
length intergenic spacer region was amplified. Brerwere obtain from MWG and

the sequences of the primers were:

16S 5’ CTG GGG TGA AGT CGT AAC AAG G3'

23S 5 GCG CCCTTT GTA GCT TGA CC3'

The master mix for 100 samples contained: nucléasewater 251ul, bovine serum
albumen (BSA 2mg/ml) 100 ul, PCR buffer (PromegiflX5) 200 pl, dNTP mix
(2mM) 100 pl, MgCl (25mM) 140 pl, primer 16S (100uM) 2 pl from MWGimer

23S (100puM) 2 pl from MWG and TAQ (5u/pl) 5ul frddnomega.

Diluted samples contained HiDi formamide 995 pl &hd-600 size markers 5 pl.
Three PCR tubes per plate were required for capitigl electrophoresis. The final

volume of the PCR reaction for each sample was821ul DNA extraction.

Firstly, denaturation was done at 95 °C for 5ming then 25 cycles in 1min at 95 °C
for the denaturation of the mixture were carrietl dund then annealing at 55°C for
1min was processed, followed by extension at 725C90 sec. The last step was

elongation for 5min at 72°C.
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The amplification product (1 pl) was diluted teméis in Nuclease-free water 9ul,
then mixed by pipette, 1ul transferred to anoth@RHnicroplate tube which
contained 9ul of diluent sample and covered by alium foil. The PCR-microplate
was then centrifuged at 112g for 2min (the dilutedblified product could be stored
at 4°C until reading by sequencer). The patterneevidentified by contrast with

control ribotypes from the library collection.

2.1.5 I dentification methods;

C. difficile was identified by colony morphology characteristansd appearance
under long-wave UV light. Microscopy was used tofaon bacterial cell shape by
Grame-staining reaction and motility was checked4r48h old cultures following

strict anaerobic growth.

2.1.5.1 Colony characters:

To identify C. difficile colonies morphology was used on CCEY agar or bk,
and exposure to long-wave UV light to reveal tharabteristic yellowish-green

fluorescence.

2.1.5.2 Gram stains Procedure:

The bacterial film was prepared and heat-fixed. Tilme was flooded with methyl
violet and left for one minute. After a brief ringe tap water, it was flooded with

iodine and left for 1 minute. After rinsing withptavater, it was decolourised briefly
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(for 2 - 3 seconds) in acetone and then promptlghed well in tap water. The last
stain was basic fuchsin and was left for one minkiteally, it was rinse briefly in tap
water and blotted dry. Gram positive and Gram negdiacterial strains were used

as control.

2.1.5.3 Motility investigation:

Hanging-drop techniques was used to differentidte bacterial motility and

investigated by dark field background microscope.

2.1.6 Anaerobic work station:

The anaerobic workstation (MK3, DW Scientific, Seiyy Yorkshire) was used to
provide anaerobic condition via hydrogen 10%, gigno gas 80% and carbon dioxide

10%.

2.1.7 Ribotyping techniques:

The principle of PCR ribotyping fo€. difficile is rooted in the intergenic spacer
sections of 16S-23S ribosomal RNA gene which isesmély heterogeneous with

many alleles also the size of the space betweelealary between different strains.

Multiple copies of the different sized spacer regiof theC. difficile genome were
amplified, by the Polymerase Chain Reaction (PCRulgbs, 1999). The products
can be differentiated by their banding patterngagarose gels, or, as here, one of the
primers (5°) was labelled with FAM to allow the przts to be analysed by capillary

gel electrophoresis, and a DNA sequence readeal Bmalysis was done by Gene
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Marker software V 1.95 and the patterns were maldiyeeye to the ribotype library

developed by this technique.

2.1.7.1 Specimen preparation and DNA extraction:

A few colonies from fresh cultures @. difficile isolates and controls grown an
anaerobically for<48 hrs at 37°C on blood agar were collected. Therew
emulsified in 100ul of Chelex suspension (0.05g/NRW) (Chelex 100 resin Bio-
Rad) in Eppendorf tube, then heated for 10-15 resum a boiling water bath or

heat-block to lyse the bacteria.

The suspensions were next centrifuged for 10min#f00g, and then 40 pul of the
supernatant was transferred to another sterile \etubte by sterile tip. The DNA

extraction was used immediately or stored at - 8@t required.

2.1.7.2 Amplification:

The C. difficile ribotype mastermix preparation was made as in tdbleThe
mastermix was stored at -20°C until required ind0&liquots and protected from

light. This was stable at least one year.

Components Stock concentration %100 samples
Nucleases-free water (NFW) | - 251 pl
Bovine serum albumin (BSA) 2mg/ml 100 pl
PCR buffer (Promega flex) x5 200 pl
dNTP mix 2mM 100 pl
MgCl2 25mM 140 pl
Primer 16S FAM (MWG) 100puM 2 ul
Primer 23 3S (MWG) 100pM 2 ul
TAQ (GoTaq) 5U/ ul 5ul

Table 1: Mastermix contemt fibotyping-PCR
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Sample diluents buffer consisted of:

Components x100 samples
HiDi formamide 995ul
LIZ-600 size markers 5 ul

Samples diluents buffer were mixed well and froaer20°C in 500 ul aliquots and
protected from light. They remained stable for grear but were discarded after

thawing.

PCR amplification protocol:

The previous prepare@. difficile ribotype mastermix was thawed from -20°C
storage in 37°C water bath and placed in ice imatetyi as well as avoiding direct
light. An 8 ul volume of mastermix was distributeal a suitable number of PCR
tubes on ice, and cover by dome caps. A 2 ul volofrepecimen DNA extraction
was added, as well relevant controls to the wéallee PCR tubes were place in the
thermocycler.

Thermocycler CDIFF protocol was:

Temperatureg  Time| Cycles
95 °C 5min 1x
95 °C 60sec
55 °C 60sec| 25x
72 °C 90sec
72 °C 5min 1x
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The PCR product after amplification could be sterag-20°C before processing by

fluorescent fragment analysis and should be kefitardark.

2.1.7.3 Fluorescent fragment analysis:

Samples for fluorescent fragment analysis weregrezpas follows:
A 9 ul volume of NFW per sample was dispensed an@6-well PCR plate (A), and
9 ul of sample dilution buffer per sample was disgeel into plate B and discarded of

any amount of sample buffer not used.

1 ul of each PCR product was dispensed into thdswel plate A and mixed
thoroughly to make 1/10 dilution of PCR productsvater, and 1 pl of each diluted
sample was transferred into the matching well iatgplB which contained HiDi

formamide, so the final dilution will be 1/100.

The plate was covered carefully using adhesivededl and mixed carefully by the
vortex mixer. Finally the sample sheet was compldte the capillary sequencing
process in the GenePool laboratory in the Ashwdthlding at the King’s

Buildings, University of Edinburgh.

2.1.7.4 Reading of capillary electrophoresis seqegmesults:

The software GeneMarker V, 1.95 from AFLEP/ Genotgpused to distinguish the

ribotypes.
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2.2 Antibiotic susceptibility:

Minimum Inhibitory Concentration (MIC) determinatiofollowed the agar plate

diffusion CLSI (2007) methods.

2.2.1 Bacterial isolate:

A panel of 14QC. difficile isolates from surgical patients and their envirentrat the
Western General Hospital in Edinburgh UK, and tlbatml strains from MPRL

group at the Centre for Infectious Disease at thvéisity of Edinburgh.

Five separate colonies (diameter~1mmofdlifficile isolates were selected from the
growth on supplemented Brucella horse blood agarctwhad been incubated in
anaerobic conditions for 24-48 hrs. The coloniesewsuspended in brain-heart
infusion (BHI) broth and the turbidity adjusted am O.D. 0.5 at 625nm (BSAC
methods for antimicrobial susceptibility testinglU.2 May 2011).

2.2.2 Antibiotics:

The NCCLS methods was followed for antimicrobialseptibility testing of
anaerobic bacteria approved standard — seventibre@d11-A5 Vol.21 No.2) Hecht
et al (2007). In the MIC technique for this study, theedt colony suspension
method was chosen, and six antibiotics were usedpi@lin, erythromycin,

tetracycline, metronidazole, moxifloxacin and vamgain).

For each concentration, 1ml horse blood + 2ml aotimbial agent solution were

added to the plate and 17 ml cooled SupplementadeBa Agar, poured into it and
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mixed gently and left covered to cool at room terapge. Plates were used within

72 hours. A multi-point inculcator was used todulate the strains.

Pouring Agar dilution:

Serial dilution of antibiotics were prepare as able 2:

Steps| Concentration| Source| Volume | Diluents | Conc.ug/ml | Log2 | Final Conc.(g/l)

5120pg /ML | Stock | _ 5120 9 512

1 512 Stock 2ml 2ml 2560 8 256

2 512 Stock Iml 3ml 1280 7 128

3 512 Stock Iml 7ml 640 6 64

4 640 Stock 2ml 5mi 320 5 32

5 640 Stock Iml 3ml 160 4 16

6 640 Stock Iml ml 80 3 8

7 80 Stock 2ml 2ml 40 2 4

8 80 Stock Iml 3ml 20 1 2

9 80 Stock Iml ml 10 0 1

10 10 Stock 2ml 2ml 5 -1 0.5

11 10 Stock Iml 3ml 25 -2 0.25

12 10 Stock Iml ml 1.25 -3 0.125

Table2: Serial dilution of the antibiotics

2.2.3Mediaused in MICs:

2.2.3.1 Brain Heart Infusion broth (BHI: Oxoid):

The BHI broth used to prepare t@edifficile suspension in the MIC determination,
contained brain infusion 12.5¢/L, beef hearts ims5g/L, glucose 20g/L, NaCl

5g/L and sodium phosphate 2.5¢g/L.
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2.2.3.2 Brucella Agar Medium (B.A.)( Sigma):

Brucella Agar Medium used in MIC determination @rdifficile after adding horse

blood (5%), the components were casein 19g/L, papgest 10g/L, yeast extract

2g/L, dextrose 1g/L, NaCl 5g/L, hemin 0.1g/L, vitanK1 0.01g/L and agar 15g/L.

2.2.4 Chemicals:

2.2.4.1 Chemicals for MIC:

The MIC for C. difficile isolates requires Brucella agar with horse bl the

antibiotics with solvent. Also the brain heart isiion broth used for bacterial

suspension and sterile PBS to dilute the bactstigpension for the optical density

evaluation by spectrophotometer.

Six antibiotics were used in this study: ampicilliarythromycin, tetracycline,

moxifloxacin, metronidazole and vancomycin by diffiet dilutions table 3.

Antibiotic ampicillin erythromycin| tetracycling mdoxacin metronidazole vancomycin
Potency >845ug per mg| >850ug/mg 9939/mg | ~1,00Qg9/mg >900ug / mg ~1,00Qug/mg
Stock solvent NFW Ethanol 100% NFW NFW 0.1% acaticl NFW

Table 3: The potency and stock solvent used irbentic preparations.
NFW = nuclease-free water.

2.2.5MICsprocedure:

Colonies ofstrains ofC. difficile from BA plates grown for 48 h were inoculated into

tubes of BHI broth and incubated anaerobicallyZéhrs. The optical density of the
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bacterial suspensions was read in a spectrophatoraeta wave length of 600 nm
and the turbidity adjusted to 0.5 O.D. by additadrsterile PBS. Using a 36 well tile
for the multi-inculcator the suspensions of différstrains were inoculated onto agar

plates contains different antibiotic concentration.

The plates were incubated anaerobically, with otetepwithout inoculation as

control and one plate aerobically as control focufeative anaerobic bacterial

contamination. After 24 h the antibiotic suscepitypwas checked.

2.3 Extraction of C. difficile antigens:

2.3.1 Chemicals:

2.3.1.1 Chemicals for S-layer proteins Extraction:

Cell washing buffer0.05 _M sodium phosphate buffer pH 7.4, containing 0.15 M

sodium chloride.
1.482g NaHP0,.2H,0 and 5.749g N#lPO, were dissolved in about 900ml distilled
water and pH checked that it was 7.4. 8.77g NaQ® added, and when dissolved,

made volume up to 1000ml with distilled water.

5M guanidine HCI:

9.553¢g guanidine hydrochloride was dissolved inuad®ml distilled water and then

made up to a total of 20ml with distilled water.

Dialysis buffer 6.25mM Tris/ HCI buffer, pH 6.8.
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757mg Tris (hydroxymethyl) methylamine was dissdive about 950mI distilled
water. The pH was adjusted to 6.8 using 1M HCI #reh made up to a total of

1000ml with distilled water.

PPY Medium:Medium was mentioned previously in (2.1.3.3).

Micro-dialysis membraneUsing a 10000 mwco membrane (Medicell internation

Ltd).

2.3.1.2 Chemicals for Flagella protein Extraction:

Phosphate buffered saline (PBS), Protease Pept@astYExtract Medium PPY

Medium and Micro-dialyser 10 000 mwco membrane.

2.3.1.3 Chemicals for Lipocarbohydrate (lipoteichacid: LC) extraction:

Phosphate buffered saline (PBS), PPY broth, anafafdrm/methanol solution (2:1)

to delipidated the sample. Aqueous phenol soluB06fo (w/w) and acetic acid/

acetate buffer (pH 5.0) containing 0.02 M Mg@hd 100ug each RNase and DNase

(Sigma) and toluene, as well Micro-dialyser a 106®co membrane using.

2.3.1.4 Chemicals for Polyacrylamide gel electrapbis (PAGE):
PAGE used to determine the purity of proteins.

40% w/v agueous acrylamide/methylene bisacrylarmadetion

Add 100g acrylamide (BDH Electran) to 2.7g methgebisacrylamide (BDH

Electran) completed by nuclease-free water to 250mi
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Freshly prepared 15q/l w/v ammonium persulphatetenl (APS)

0.05% wi/v aqueous bromophenol blue solution

Water saturated butan-2-ol

About 60 ml butan-2-ol was added to a 100ml scrapped bottle with 10ml
nuclease-free water and shaken thoroughly aftentabain and was checked to see
if the solution was biphasic. If not, more watersvealded and mixed and rechecked

until the solution was biphasic.

Sample buffer (Single strengtl).0625 MTris/HCI; pH 6.8, 2% SDS, 10% glycerol,

1% 2-mercaptoethanol and 0.001% bromophenol blue.

0.757g Tris (hydroxymethyl) methylamine (BDH analavas dissolved in 70ml
water and adjusted to pH 6.8 with_1 NICI| then add 2g sodium lauryl sulphate

(SDS) (BDH especially pure).

12.6g glycerol (BDH analar) was accurately weighgidectly into a 100ml

volumetric flask and the bromophenol blue addede This/HCI/SDS solution was
transferred to the volumetric flask and washed ithvgeveral small volumes of
water. In a fume cupboard, add 2ml mercaptoeth&d®l5% aqueous solution)
(BDH water soluble) and made up to 100ml with waliewas mixed thoroughly and

then 5 - 6ml volumes transferred to disposableusiprapped in foil
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Sample buffer (Double strengtl)125 MTris/HCI pH 6.8, 4% SDS, 20% glycerol,

2% 2-mercaptoethanol, and 0.002% bromophenol blue:

1.514g Tris (hydroxymethyl) methylamine (BDH analavas dissolved in 60ml

water and adjusted to pH 6.8 with 1CI. 4g Sodium lauryl sulphate (SDS) (BDH
especially pure) was added 25.2g glycerol (BDHlahg20% v/v glycerol) was

accurately weighed directly into a 100ml volumetiliesk and 2ml bromophenol
blue (BDH) added. The Tris/HCI/SDS solution wassferred to a volumetric flask

and washed in with several small volumes of water.

In a fume cupboard, the 2-mercaptoethanol waschddd made up to 100ml with
water. It was mixed thoroughly and then 5 - 6mluwés transferred to disposable

bijoux wrapped in foil

Electrode buffer(0.025 MTris, 0.192 Mglycine, 0.1% SDS, pH 8.3):

6.057g Tris (hydroxymethyl) methylamine (BDH analand 28.827g glycine (BDH
chromatographically homogeneous) ware dissolve@d@finl water and the pH
check to be 8.3. Minor adjustments can be madeyusi NaOH (but not HCI). 2g
sodium lauryl sulphate (SDS) (BDH especially pungds added and made up to

2000ml.

Separating gel buffer (Double streng(@)75 M Tris /HCI pH 8.8, 0.2% SDS):

90.855g Tris (hydroxymethyl) methylamine (BDH amalevas dissolved in 800ml

water and adjusted, initially with 5 Mind then 1 MHCI to pH 8.8. 2g sodium lauryl
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sulphate (SDS) (BDH especially pure) was added rmade up to 1000 ml with

water.

Stacking gel buffer (double strengi®).25 M Tris /HCI pH 6.8, 0.2% SDS):

15.142g Tris (hydroxymethyl) methylamine (BDH amgalevas dissolved in about
400ml water and adjusted, initially with 5,Mnd then 1 MHCI to pH 6.8. 1g sodium
lauryl sulphate (SDS) (BDH especially pure) waseatldnd made up to 500ml with

water.

TEMED: N, N, N, N- Tetramethylethylenediamine from (Sigma

2.3.2 Extraction methodsfor SLPs:

2.3.2.1C. difficile growth:

20ml of PPY medium tube was inculcated and incubateaerobically overnight at

37°C. The purity was then checked with a microscope

2.3.2.2 Cell wall separation:

The cells were harvested and washed twice in cadihimg buffer (10ml per wash)
by centrifugation at 4800g for 15 mins, then thpesnatants were discarded. Next
the cells were resuspended in 1.5ml of 5M guaniti@# in a 3ml tube, and mixed
in an RBC mixer for two hours. After that, the eelvere removed using an

ultracentrifuge at 16,000g for two minutes, the esuptants collected and
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centrifuged again at 16,0009 for two mins. The frelé supernatants were carefully

transferred to a clean tube.

2.3.2.3 Dialysis:

The supernatant was dialysed by a 10,000 MWCO mamebragainst a 1 litre
dialysis buffer at 4°C overnight. Protein was utedoncentrate the solution, freeze-

drying it if necessary and storing at -20°C.

2.3.3.4 Purification of SLPs:

To check the purification poly-acrylamide gel, étephoresis was used (PAGE) as

described in Section 2.3.6.

2.3.4 Extraction methodsfor flagellar proteins:

2.3.4.1C. difficile growth:

TheC. difficile strainswere grown anaerobically overnight in 1 litre offPRedium.

2.3.4.2 Separate of flagellar proteins:

The bacterial suspension was centrifuged at 13,000910 mins at 4°C and
supernatants were discarded. The bacterial sedimastresuspended in 20ml of
PBS and a vortex for 2 mins in a blender at higkesp It was then centrifuged at

12,0009 for 10 mins, or 5,000g for 30 mins at 4T7@e supernatant was collected
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and centrifuged at 12,000g for 10 mins at 4°C. Ag#ie supernatant was collected
and centrifuged at 25,0009 for 1 hour at 4°C. Tédirment (flagellar proteins) was

collected and resuspended in 1ml of PBS.

2.3.5 Extraction methodsfor Lipocarbohydrate (L C):

This method is based on Poxton and Cartmill's (3982d Sharp and Poxton’s

(1986) procedure.

2.3.5.1C. difficile growth:

Six litres of PPY broth were inculcated by tke difficile strain and incubated

anaerobically overnight at 37°C.

2.3.5.2 Separate cell wall for LC:

Harvesting of the cells was done by ultracentrifagjel0,000g for 10 mins at 4°C.
Then the cells were resuspended in 10ml of PBSnaasdhed twice by centrifugation
for two mins at 10,000g and 4°C. The PBS cell snsjpm was sonicated in ice by
MSE Soniprobe for three mins at 10um. To remove dflé walls and unbroken
cells, the suspension was ultracentrifuged at 466040 mins at 4°C, followed by
35,0009 for 30mins at 4°C. The supernatant wazéekied overnight in a weighed
container, then delipidated twice with 200ml ofaroform/methanol (2:1) solution
overnight, and filtered through Whatman No. 1 paged allowed to dry. The dry

delipidated cell wall contents and membrane fractiere resuspended in distilled
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water to 10% (w/v) and mixed with an equal volunié@% (w/w) phenol solution.
The mixture was stirred at room temperature fof hal hour then centrifuged at

2500g for 20 mins at 4°C.

2.3.5.3 Dialysis:

The supernatant was dialysed by a 10,000 MWCO mamebragainst tap water

overnight to remove the phenol.

The dialysed material was then mixed with an equ@llme of 0.2 M acetic
acid/acetate buffer (pH 5.0), containing 0.02M Mb @nd approximately 100ug
each of RNase and DNase (Sigma), and incubatedigh¢at 37°C with the surface

covered by toluene.

2.3.5.4 Purification of LC and storage:

The phenol extraction was repeated to remove nseggathen dialysis repeated
overnight against tap water of the upper layer.tNlexas freeze-dried overnight in a
weighed container, so the crude membrane antigeld @ collected and stored at

room temperature.

2.3.6 Polyacrylamide gel electrophoresis (PAGE):

PAGE is used to defin@. difficile proteins by electrophoresis as they have different

molecular weights.
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2.3.6.1 Sample Preparation:

The samples and double-strength sample buffer Wwereed before working, and
then equal volumes of sample were mixed with buffésul of each) in a sealed

eppendorf tube. Next it was boiled in a heat-blockoiling water bath.

2.3.6.2 Gel Preparation:

The slide and cover were properly cleaned and drefdre use, then the slide was
fixed with the cover in the cassette. The sepayatimd stacking gels were prepared

as described in Table 4.

The separating gel was injected into the spacsdmst the slide and cover just 0.5ml
lower than the edge. The separating gel was gexatyered with 50ul of water
saturated butan-2-ol and left for 5-10 mins to padyise. Then the rest of the water
saturated butan-2-ol was removed. A sufficient gtyaf stacking gel was added
and the comb was fixed to make wells in the starlgel, before leaving it for

polymerisation.

Ingredient Separating gel 12% Stacking gel 4%
Acrylamide solution (40%) 3ml 0.5ml
Separating gel buffer (DS) 25ml | -
Stacking gel buffer (DS) | - 1.25ml
10% SDS 100! 50ul
Distilled water 4.35ml 3.2ml
10% APS 100ul 50ul
TEMED 10pl 5ul

Table 4: The contents of the separating and stgai@hs are enough to prepare two slides.
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2.3.6.3 Gel Running:

PAGE electrode buffer was poured into the tank {Bau) and the slide containing
the gel was inserted (note that the surface obtiféer should cover the slide gel).
The slide wells face the back (to the middle of gmamber), and the comb was
removed and checked to ensure there were no buldded of prepared samples
were dispensed and marker ladders were demonstrated gel wells using narrow
tips and the sample sequence mentioned. (Notétimiles should be avoided when
placing the samples). The tank was covered proparyg the power supply
connected. The voltage was adjusted to 80 voltstlaadime to two hours. Finally,

notice was paid to when the dye reached the lodge ef the slide.

2.3.7 Blue Stain for PAGE:

The blue stain was used to determine the puriboatif S-layers proteins, flagellar
proteins and lipocarbohydrate. Alcohol and acetid avere used as fixatives before

the gel was stained.

2.4 | mmunoassay:

2.4.1 Sandwich enzyme-linked immunosor bent assay EL |1 SA procedure:

This procedure included seven steps, describeaollasvé:
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Coating step

96 microtiter plate wells were coated by invesegatantigens with a 5ug/ml
concentration in coating buffer, and control anankl wells were coated by antigen

diluents, then the plates were sealed and inculzaté@ overnight.

Washing step

The following day the wells were aspirated andhealsfour times with wash buffer
(0.05% Tween20 in sterile PBS) by adding gid@ell. They were then inverted
against clean paper towels and the plates tappednmove any remaining wash

buffer.

Blocking step

The wells were blocked using 200ul of blocking buff1% Bovine serum albumin,
BSA (Sigma) in sterile PBS) per well, then wrappredluminium foil and incubated
for two hours at 3T on a shaker. The wells were then aspirated amaviishing

step repeated as previously.

Binding step

Diluted antigen samples of 1:200 in PBS-ST wereeddd duplicate “test” wells and
a single antigen control well. Additionally, a wellas diluted using the standard
control serum and added to the appropriate “testivell as the serum control wells.
A serum buffer was added to the blank and antigenrol wells, then the plate was
wrapped in aluminium foil and incubated for 90 mats3?C on the shaker. It was

then aspirated and the washing step repeated.
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Conjugating step

The conjugate (Rabbit anti-horse IgG alkaline phasgse) 1 in 10,000 in PBS-TF
was prepared and added to all wells, then incubfied®0 mins at 37T on the

shaker. It was then aspirated and the washingrefegated.

Developing colour step

The new preparation of alkaline phosphatase subsisaessentially composed of
Sigma 104-105 phosphatase tablets, (p-nitrophdmy$ghate 5mg/ml) in a substrate
solvent. Two tablets in 10 ml per plate are reqli@nd this solution was added to
all wells. Then the plate was incubated for onerheturoom temperature without

cover or until the colour intensity of the contveds considered sufficient.

Well content Antigen | Antigen diluents| Serum| Serum diluents| Conjugate | Substrate
Blank (B) - + - + + +
Antigen + - - n n n

control(Ag)

Serum control (S) - + + - + n
Test (T) + - + - + +

Table 5: Summary of ELISA steps.

Evaluation optical density step

The absorbance measurement of optical density &lswas applied by an auto-
micro plate reader (Anthos, 2001) at 405nm (refeee620nm). All values were

counted as the means of duplicate measurementsoamgbred to the standard curve.
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2.4.2 Enzyme linked Immunosorbent Assay (EL1SA) chemicals:

The ELISA sandwich technique was required for astdive solutions, detailed as

follows:

2.4.2.1 Antigen diluents:

0.05_Msodium carbonate buffer pH 9.6, 0.02% w/v sodizidex

In preparation a 0.05 M sodium carbonate buffeB48g Na, CO; and 1.428g
NaHCQO;) was dissolved i®00ml of distilled water and checked to ensure ghie
was 9.6. 100mg sodium azide was then added toutferb(Note that this should be

dispensed in 100ml aliquots and stored°&.%

2.4.2.2 Antiserum and conjugate diluents:

0.05 M sodium phosphate buffer at pH 7.4, 0.85% w/v sodalnloride, 0.05% w/v

Tween 20 and 0.02% w/v sodium azide

1.482g NaHPO,.2H,O and 5.749g N&#IPO: were dissolved in about 950ml of
distilled water and checked to ensure the pH wésThen 8.5g NaCl, 0.5ml Tween
20 and 200mg sodium azide were added (or 2ml &Pa W/v solution of Nah), and

the final volume was made up to 1000ml with distlwater.

2.4.2.3 Blocking solution:

0.05 M sodium phosphate buffer at pH 7.4, 0.85% w/v sodahloride, 0.05% w/v

Tween 20, 0.02% w/v sodium azide and 2% teleosje#tine.
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2g of teleostean gelatin was added to 100ml ofantim diluents and stored at 4C.

2.4.2.4 Substrate solvent (for alkaline phosphat&@s@5 M sodium carbonate buffer
at pH 9.8 and 1.0 mivhagnesium chloride.

Preparation of 0.2 Marbonate/bicarbonate buffer stock solutions
1.167g Na CO;and1.176g NaHC®@ were dissolved in 500ml of distilled water and

checked to ensure it was pH 9.8. 102mg MgEl,O was added.

2.4.2.5 ELISA wash buffer (single-strength washfénf

A preparation was made of 2000ml of a 10 X conedeatt solution without the
sodium azide; this was dispensed in 380ml aliqaots$ sterilised by autoclaving at
15psi/15 mins and stored &Gl Note that sodium azide must not be autoclagat a
may react with copper or lead components insidecanes, creating explosive

metal azide.

10 X concentrated solution:

Oxoid phosphate buffered saline tablets (BR14ajglMaCl and 3.6g KCI were
dissolved in about 1800ml of distilled water. 10mween 20 was added and the
volume made up to 1900 with distilled water. Theyubts of 380ml were then
autoclaved at 15psi/15 mins and stored°&.4Note that the pH of the 10X solution

was 7.0)
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2.4.3 Estimated 1gG level in donorsand patientsby ELI1SA:

The detection of cytokines was followed by the EAl&chnique, as described

previously in Section 2.4.1.

2.4.4 Detection interleukinsand TNF-a by ELISA:

The detection of cytokines was followed by the &Altechnique, as described

previously in Section 2.4.1.

25 THP-1 cdl line:

THP-1 is a human acute monocytic leukaemia ce#l §aparated from a human male

at one year old (Tsuchiya al., 1980).

2.5.1 Source of cdl line:

The source of the THP-1 cell line is the EuropeatieCtion of Animal Cell Cultures
(ECACC, Salisbury, U.K.) ECACC No: 88081201, andswa kind gift from Mr

Adel Alkadidi from Glasgow University.

2.5.2 Essential chemicals:

2.5.2.1 Chemicals for Cell Line:
- Human acute monocytic leukemic cell line (THP-1).
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- RPMI-1640 medium (Sigma), Fetal Calf Serum (FCS)igrtt), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid, HEPE&sibco) and Penicillin
Streptomycin PS (Gibco).

- Glutamine 200mM (Sigma). The freezing medium forPFH cell line storage
contained 3ml of sterile glycerol (Sigma), 7ml o£% and Phorbol myristate

acetate (PMA).

2.5.3Cdl linemedia:

2.5.3.1 RPMI 1640 medium (Sigma) used to grow tH&L cell line.

2.5.3.2 4-(-hydroxyethyl)-1-piperazineethanesuléoracid (HEPES) (Gibco) as

supplement to the RPMI 1640 medium for enrichmeatkline.

2.5.3.3 Fetal Calf Serum (FCS) from Oxoid was use@ supplement to the RPMI

1640 medium for enrichments.

2.5.3.4 (PSG) from Sigma:

Penicillin and streptomycin were used to prevest ¢kl line from contamination.

Supplements of 200nM Glutamine were also added.

2.5.3.5 Phorbol myristate acetate (PMA):

PMA was added to RPMI 1640 medium to enhance tiesadn of bacterial cell

wall proteins to the THP-1 cell line.
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2.5.3.6 Freezing medium for THP-1:

The ingredients contain 100ml of a sterile nutriémboth (Oxoid CM1), filter-

sterilised heat inactivated (at 56°C for 30 minute€S 10ml and sterile 20%
aqueous glucose solution. The components wereieapmixed and dispensed in
a 2ml sterile tube, then incubated aerobically7aC3for 24 hours. The tube cap was
loosened then the mixture was anaerobically inadhdbr 48 hours to detect
contamination. Next the cap was tightened again thedmixture stored at -20°C.

(Reference: Practical Medical Microbiology,™ddition, pp.126-127).

2.5.4 Cdll line growth:

2.5.4.1 Preparing the cell line:

Precautions

Wearing lab-coat and gloves are essential in tissugire room, the reagents and
media were immersed in warmed water bath for 20mnith the Class Il cabinet was
cleaned by ethanol 70% and wiped by paper towed ihkbubator was disinfected
weekly with Trigenll virucidal disinfectant conceate from MEDI CHEM UK

(diluted 5ml/2000ml distilled watter), distilled tea, ethanol 70% and Biocidal

spray
2.5.4.2 Activating the THP1 cell line:

Frozen cells were transferred to a 25ml falcon tabd 5ml warmed RPMI 1624
medium was added, then centifuged for 5min at 1§0The supernatant was then

discarded in a discarding bottle. Next, 5ml of thedium was added to the pellet and
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the vial was gently shaken until the pellet detdch&€he cell suspension was
transferred to a little flask and 5ml of medium eddFinally the flask was incubated
for 24-48 hours at 37°C in a cleaned incubator, thet the medium was changed

after its colour changed to orange/yellow.

2.5.4.3 Changing the medium:

The medium was changed approximately every two ,ddggending on the colour
developed about the cell line. The cell line wasioeed to the falcon tube and
centrifuged for 5 min at 100g, after which the sup#ant was discarded in the
discarding bottle, and around 10ml of fresh warmmiium added to the cell pellet

in the small flask, or 20ml to the large flask.

2.5.4.4 THP-1 cell line procedure:

To start with, the cell line was sub-cultured im8®f RPMI 1624 medium (Sigma)
and 6ml of FCS with 3ml 100mM autoclaved 4-(2-hydrethyl)-1-
piperazineethanesulfonic acid and (HEPES) (GibB®HMI/20%FCS/HEPES), then

incubated for 24-48 hours at 37°C.

For routine growth, the cell line was sub-cultured a mixture of
RPMI/10%FCS/PS+G, which was prepared previousladging 50ml of FCS, 5ml
of penicillin streptomycin and 15ml of 200mM gluten@ (Sigma) to 500ml of RPMI

medium.
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To discriminate cell growth a RPMI/PS+G mixture vaakled, which was arranged
previously by adding 5ml of PSG to 500ml| of RPMIdnem. The cells were then

stimulated by adding 2ml of 10ng (PMA) (Sigma) tin# of the cell suspension.

The THP-1 cells were preserved by being grown imlwoation with RPMI.
10%/FCS/PSG, which was prepared by adding 50mIG$ And 5ml of PS+G to
500ml of RPMI medium, and incubated for 24 hour8&itC. The cell suspension
was then transferred to a falcon tube and ceneduigr 5 mins at 100g. Next the
THP-1 cells were added to 10ml of freezing mediuomtaining 3ml of sterile

glycerol (Sigma), and dispensed in 1ml tubes thered in liquid nitrogen.

2.5.4.5 Preparation of THP-1 cell line for bioassay

A confluence of cells (16x2@ells/ml) in RPMI/10%FCS was required.
Untreated cells: 100ul of cells were added to eaeh of 96 well tissue culture

plates and incubated at 37°C in 5% ®ernight.

Pre-treated cells: 2ml (10ng/ml & 50ng/ml) of PMAasvadded to 20ml of cell
suspension. Then 100ul of this suspension washiigtd to each well of 96 well
tissue culture plates and incubated for 24 hour37a€C in 5% CO2. The medium
was gently removed after centrifugation (100g fomis) and replaced by serial

dilution of SLPs, LC or flagellin.

2.5.4.6 THP-1 cells viability:

Estimation of cell viability was carried out by sping one volume of cells at 100g

for 5 mins, then mixing the same volume of trypa&reldye with the cell suspension,
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and immediately observing the cells under a mi@pscThe equation of viable cells
= (No. of unstained cells / total No. of cells) 001 The dual chamber

haemocytometer slide was used to count the cells.

2.6 Expose HTP-1 cdll lineto C. difficile antigens (SL Ps, Flagellin and L C):

2.6.1 Preparation of SLPs, L C and flagellin to expose THP-1 cdll line:

Six serial dilutions of antigens in RPMI/10%HS medi from different strains
(1=1000ng/ml, 2=100ng/ml, 3=10ng/ml, 4=1ng/ml, S&®/ml, 6=0.01ng/ml) were
used by thawing 10ul of stock (1mg/ml) and addihdoi 990ul of medium, to
achieve 10 pg/ml. 30ul was then added to 270ul etliom to reach 1ug/ml

(=1000ng/ml), which constituted the starter dilatio

In order to get 200ng/ml, 20ul of 10pg/ml was adte®80ul of the medium. To
make 2000ng/ml (2pug/ml), 50ul of 10pug/ml was adte@50ul of medium. This
constitutes the starter concentration of 2000n@ng020ng, 0.2ng and 0.02ng. The

same dilution was used for positive control andelsvfor negative control.

2.6.2 PMA (50ng/ml and 10ng/ml) cell line media preparation:

PMA 50ng/ml = (0.5ml P.S. + 49.5ml RPMI +2.5u1 PMA)

PMA 10ng/ml = (1ml P.S. + 99ml RPMI + 1pl PMA).

2.6.3 Exposure of THP-1to C. difficile antigens:

First the seeded wells of the microplate THP-1 ket were prepared as described
in Sections 2.5.4.6 and 2.6.2. The viability of tedls was checked as described in

Section 2.5.4.7, then marked wells as antigendiaiiuwill be used. Next, 1Q0
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diluted antigens were added to the marked welldeasribed in Section 2.6.1. Some

wells were left without inculcation and blank astols. Cell line microplate was

inculcated and incubated at°87 5% CQ for 8 hours for interleukins and 4 hours

for TNF-o. Finally, supernatants were collected to evaluhée cytokines level by

ELISA.

2.6.4 Preparation of primary, standard and secondary antibodies to detect

cytokines:

Antibodies were supplied from eBioscience and PEpch companies as shown in

Table 6 (with kind help from Dr. Prerna Vohra). Tétandard curve was achieved

using four dilutions (8ng/ml, 16ng/ml, 32ng/ml argding/ml) to evaluate the

cytokines concentration.

Antibody Primary antibody and Standard cytokine and  Secondary antibody and
Cytokine concentration starting concentration concentration
Affinity Purified anti-human | Recombinant Human | Biotin anti-human II-
Interleukin -B IL-1p (eBioscience, 14- IL-1B (PeproTech,200-| 1B(eBioscience,13-
7018;clone CRM56) 2ug/ml| 01B)32ng/ml 7016;cloneCRM57)
0.25ug/ml
Affinity Purified anti-human | Recombinant Human | Biotin anti-human 11-6
Interleukin -6 IL-6 (eBioscience, 14- IL-6 (PeproTech,200- | (eBioscience,13-
7069;clone MQ2-13A5) 06)32ng/ml 7068;cloneMQ2-39C3)
2ug/ml lug/ml
Affinity Purified anti-human | Recombinant Human | Biotin anti-human II-
Interleukin -8 IL-8 (PeproTech,500- IL-8 (eBioscience, 14- | 8(PeproTech,500-P2Bt)

MO08;clone MQ2-13A5)
3pg/mi

8089)32ng/ml

0.5ug/ml

Interleukin -10

Affinity Purified anti-human
IL-10 (eBioscience, 14-
7108;cloneJES3-9D7)
2ug/ml

Recombinant Human
IL-10 (PeproTech,200-
10)32ng/ml

Biotin anti-human II-10
(eBioscience, 13-
7109;cloneJES3-12G8)
lpg/ml

Interleukin -12

Affinity Purified anti-human
IL-12 (eBioscience, 14-

Recombinant Human
IL-12 (PeproTech,200-

Biotin anti-human 1l-12
(eBioscience, 13-

7128;cloneB-T21)2ug/ml 12)32ng/ml 7129;cloneC8.6) 1ug/ml
Affinity Purified anti-human | Recombinant Human | Biotin antihuman TNFs
TNE-a TNF-a (eBioscience, 14- TNF-a (PeproTech, (eBioscience, 13-

7348;cloneMAb1) 2ug/ml

300-01A)32ng/ml

7349;cloneMAb11)2ug/mi

Table 6: Preparation of primary antibodies, statdaytokines and secondary
antibodies with their concentration is presented.
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2.7 Statistical analysis:

In this study Excel and Minitab were used for statal analysis. The data were
checked for normality and then contrasted with eaitier. An unpaired t-test was
used for normal distribution data and Ras performed in the linear relationship

between the two groups.
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CHAPTER Il DISTRIBIUTION AND DISSEMINATION OF

C. difficile RIBOTYPES
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3.1 Introduction:

This chapter is an epidemiological study for tbedifficile infection (CDI) in the
surgical department of Western General Hospitalinliidgh. Samples collected
from the patients and their environments have hesad, along with the control

isolated from the MPRL group collection have besad.

C. difficile is recognised as the primary cause of infectiaasooomial diarrhoea in
Europe, including the United Kingdom. The first kolarge UK outbreak of the
hypervirulent, epidemic ribotype 027 happened irBackinghamshire hospital
between October 2003 and June 2004, where 19 pdaule This was followed by
another outbreak between October 2004 and June ¥ifbthe same cause and a
similar mortality level; a lack of patient carefantion control and isolation facilities

cause the disaster (Freenshmal., 2010).

As described in Chapter C. difficile spreads in many environments as it is spore-
forming and heat-resistant, as well as not beinigctdd by many antiseptic
detergents such as hand soap or alcohol, and heséigfance to many antibiotics.
Furthermore, it the spread is facilitated by thedence of diarrhoea caused by and

associated with the antibiotics used for treatn(iint et al., 2011).

Hospitals are an important reservoir ©f difficile spores; the spores have been

isolated from hospital equipment such as linennifure surfaces and lavatories

(McCoubreyet al., 2003). It is present in about 40% of geriati@tignts (Sydnor and
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Perl, 2011), and the spores are the primary causdeation in hospitals (Liret al.,

2011).

Categorisation of the endem@ difficile strains requires the application of a good
typing scheme. Previously, many different technggbave been used for typiry
difficile during the course of outbreaks in hospitals. Thaskide genotypic and
phenotypic tests, the latter being serotyping, dxamphage typing, whole cell protein
profiles, **S methionine-labelled protein patterns, antimicablesistance patterns
and immunoblotting (Knoopet al., 1993). However, these techniques may have
disadvantages, such as poor reproducibility, weskmeth regards to discrimination
and the need for special equipment not availablaast laboratories (O'Neitt al.,
1996). The development of these methods has madeasier to identify

microorganisms and follow cases up, as well asigtiiad outbreaks.

PCR-ribotyping based on gel is one of the easestnaost discriminating techniques
for typing strains, but it is difficult to compapatterns from different places as the
technigue uses agarose gel images (Figure 3.4).elmw Indraet al. (2011)
modified the PCR method by labelling the 16S priméth carboxy-fluorescein
(FAM) dye, and the results are analysed by a sempeto make the PCR more

accurate at identifying ribotypes (Figure 3.3).

The aim of the study was to isolat difficile strains from hospitalised patients’

samples and samples taken from hospital envirorsnastwell to identify strains and

use ribotyping to verify the distribution and disseation of C. difficile ribotypes.
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Comparisons are also made between capillary seoge®CR and metaphor gel

PCR.

3.1.1 Isolation of C. difficile strains;

To dateC. difficile has been isolated in many countries around thddwolorth

American and European countries faced a significiuallenge in the last decade,
with CDAD threatening the lives of geriatric patienand other compromised
individuals like pregnant womefBalassiancet al., 2012). Nowadays, warnings are
sounding in some areas of South America, Asia aostralia as CDI has begun
spreading through these countries (Cheing., 2011). It may be that the remaining
countries which have not recorded CDI do not haadthcare protocols that include,

facilities to isolate and identif@. difficile.

027/BI/NAP-1 was the main cause of CDAD in North émoa, and has been
thought to be the cause of epidemics in Europeelsag Asian countries, such as
Japan and Korea (Balassiagi@l., 2012). Howevemutlu et al. (2007) reported that

the most frequent ribotype is 001, whereas Tab@l. (2010) recounted that the
predominant ribotype in Scotland is 002. Recently Health Protection Scotland
(HPS) Network in its second quarter report documerhat 106 and 001 ribotypes
had decreased compared to the previous years, Zhav@ now uncommon. This
has lead to the hypothesis that the predominaainstwere varying from place to

place and time to time.
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3.1.2 Ribotype identification by Capillary Sequences PCR and the contrast with
gel PCR:

Recently, the identification of etiologic agent hamues has been developed, and
this gives microbiologists new equipment for molacibiology typing methods
which assist in the identification of microorgansnPolymerase Chain Reaction
(PCR) ribotyping is used to type many organismsabse it is fast and simple
(O'Neill et al., 1996; Bidet etal., 2000), but its analysis by agarose gel

electrophoresis made it difficult to reconcile fraterns from different laboratories.

The PCR method of classification @. difficile depends on the analysis of
polymorphisms by specific oligonucleotide primemnplementary to the 3' end of
16s primer corresponding to base 1445-1466 of @&ribosomal RNA gene and the

5' end of the 23s primer corresponding to base @f2i0e 23S ribosomal RNA gene.

Indra et al. (2011) modified the work of Stubbst al. (1990) on the capillary
sequencing method by labelling the 16s primer \itahescent dye and 23s without
labelling and analysing the PCR fragment with dapilgel electrophoresis, and this
has provided a new angle on typing. The modifiedha achieved reliable peak
patterns, dispelling the disadvantage of interdatmyy comparisons of typing
results, and significantly reducing the time andnpwwer required for PCR. In
addition this technique can differentiate the fragimlength 2b, which is better than
1.5b, as the electrophoresis requires disconnécgchents (150-650b) to accurately
identify the size of a fragment permitted to digtirsh seven subgroups for te

difficile 014 ribotype.

82



3.2 Material and methods:

C. difficile strains were isolated and identified, beginninghwan anti-toxin test

(ELISA) for stool samples which was completed by Surekha Reddy and cultured
in cooked meat broth. A subculture on blood agat/@anCCEY media was then
carried out for morphology characters, as well msulraviolet test, a gram stain,

motility investigation and DNA extraction.

3.2.1 Bacterial isolates:

Patients’ stool and environment samples were deleby Dr. Surekha Reddy from
the surgical unit at the Western General Hospitdinburgh; there was no
interaction between the researchers and the patsatected for this study, as this

was a blind study.

A total of 140C. difficile isolates were collected from patients’ stools @x&nd
from their close hospital environment: floors, fimne and hospital equipment

(n=51) during 2009. Pure cultures were stored oked meat broth.

3.2.2 Visual investigation:

« Ultraviolet tests were set up by exposing the badtgrowth to UV light and

observing the yellowish shine of the colony.
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e Gram stain was made for all strains, followed the&cpdure of Practical Medical
Microbiology (1989, 14th edition, p. 41-42). Alsordirmed the Gram positive

roads and peripheral spores.

* Motility was investigated using a hanging drop (tgstpared by emulsifying a
bacterial colony in normal saline, dispensing apdom coverslip and turning it
upside-down on the slide with a well; this was thewestigated by a phase

contrast microscope.

3.2.3 DNA extraction:

C. difficile isolates were subcultured on horse blood agaeplkatd incubated for 24
hours at 37°C in an anaerobic work station (Mark@n Whitley Scientific, Shipley,
Yorkshire). Five bacterial colonies were then erifield and extracted, as described

in Section 2.1.7.2, following the method promotgd®Neill et al., (1996).

3.2.4 PCR Ribotyping:

PCR ribotyping was originally described by O'Nadlal. (1996) and adapted for
analysis by the capillary gel electrophoresis methaccording to Fawlegt al.
(2008). The 16S primer was labelled with carboxyfescein (FAM) fluorescent
dye at the 5’ end, as described by Ingral. (2011), in order to identify and quantify
the PCR product peaks by the sequencer (16S= B&6-CCC TTT GTA GCT
TGA CC-3/ 23S= P3 5-CTG GGG TGA AGT CGT AAC AAGE} (from

Integrated DNA Technology, or IDT).
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The amplification procedure involved initial denation at 95°C for 5 mins, then 25
cycles of amplification with denaturation at 95°@ 60 secs, annealing at 55°C for
60 secs, an additional 90 secs at 72°C, and filaftyns at 72°C. The PCR products

were stored at -70°C if necessary before dilution.

The amplified DNA was diluted 1:10 by nuclease-frestilled water, then diluted
1:10 by sample diluents (HiDi formamide 995ul + {840 size Marker 5ul). This
product was stored at 4°C until being sequencea 3730 DNA analyser at the

GenePool Group, Edinburgh University.

The fifty standard strains used in this study weoen the MPRL collection and Dr

Derek Farley’'s collection from Belfast Health andct&l Care Trust, and were as
follows: 001, 002, 003, 005, 009, 011, 012, 014,0117, 020, 023, 026, 027, 029,
032, 035, 038, 039, 046, 053, 054, 056, 057, 069, 069, 070, 072, 075, 078, 081,
087, 092, 095, 103, 104, 106, 111, 117, 119, 126, 126, 131, 137, 185, 186, 200
and 210. They were originally typed by conventioR&R with agarose gels, and

confirmed by capillary gel electrophoresis.

3.3 Results:

This study investigated 140. difficile particular isolates from hospitalised surgical
patients (n=89) and their environment (n=51) in iNMestern General Hospital,
Edinburgh. These isolates were stored in a bijoire tcontaining cooked meat broth
and subcultured on blood agar into characteriséonees, examined for yellowish

shine under UV light and subjected to a gram saamh DNA extraction for PCR.
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Image A reveals that th@. difficile character colonies on blood agar ware not bright,
but were glossy, stumpy and curved, had irregutlges which were sometimes
broad, were non-haemolytic and had a diameter mgngetween 1 and 3mm; this
was also the case on the CCEY agar. The growthahelaracteristic penetrative

smell.

The Gram stain image (Figure 3.2) presented a dleeur for C. difficile rods, and

the peripheral spores were not stained.

Figure3.1: presente@. difficile colony on CCEY Figure 3.2: Gram stains of

and blood agar. C. difficile cells and
identification of peripheral
spores.

The C. difficile colony was identified by Capillary Sequencing Hleghoresis,
which identifies strains by the patterns producgde( and location of the peak) by

the PCR products (Figure 3.3).
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Figure 3.3: The Electrophorogram displays fluoraesaegnal intensities from Capillary

Sequencing PCR by fluorescent labelled primerf@x difficile standard isolates (001,

020, 106, 039, 015, 046, 002, 014 and 023). Theig-show the signal intensities in
Relative Fluorescent Units and x-axis for basepaies of fragments.The figure shows
overlay view to compare easily several sample srat®nce.
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Figure 3.4. Images of PCR rlbotyplng by agarose ejebtrophoress. There are two
standards: ribotype 001 and 012 with examples @&f @@cks 1-3); 012 (track 5) and an
unidentified type (track 4). L = size ladder (10000bp).
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Analysis showed that 15 different PCR ribotypesenggtected, with just four of the
most frequent ribotypes representing about 70%hefstudy isolates. Overall, the
epidemic strain ribotype 001 was the most frequsiate, with a total of 74 isolates,
about two thirds of which came from stool sampled 24 from the environment.
These were followed by ribotype 020 (10 isolatesyided equally between patient
and stool. Ribotype 106 was next with eight is@afhree from patients and five
from the environment), then ribotype 039 with stwlates (two from patients and

four from the environment). The results are sumsearin Figure 3.5.

Environment| Stool | Total | Percentage

Total 51 89 | 140 100
001 24 50 74 52.8
020 5 5 10 7.4
106 3 5 8 5.7
039 4 2 6 4.3
015 1 3 4 2.8
046 2 2 4 2.3
002 0 4 4 2.3
014 2 1 3 2.1
005 0 3 3 2.1
023 1 2 3 2.1
012 1 1 2 14
032 1 1 2 14
081 1 1 2 14
003 0 1 1 0.7
064 0 1 1 0.7
Unknown 4 9 13 9.3
Table 3.1: Frequencies 6f difficile ribotypes

Notably, the hypervirulent ribotype 027 was absenthis study. Ribotype 002,

which was found to be the most common ribotype bgrilet al. (2010), was also
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uncommon, with only four isolates in this study @hioriginated only from stools;

005, 003 and 064 ribotypes were also isolated stouls only.

3 Environment | Stool
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Figure 3.5: Distribution of ribotypes
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The agarose gel technique was used with some esotat compare the results to
CGE and the variation can be observed between dhsose gel (Figure 3.4) and
CGE (Figure 3.3). The noticeable difficulty wherifelientiating between the bands

and comparing the ribotypes is removed.

3.4 Discussion:

The world at the beginning of twenty-first centumgs been challenged by CDI
caused byC. difficile, especially in the elderly and compromised indial$ such as
the hospitalised community. Many strains have kiselated from infected persons.

These strains varied in their ferocity dependingtbe virulence factors of the
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etiologic agent. The prevalence of ribotypes vafiesn time to time and place to
place due to unidentified reasons. However, thiglystindicates the view of the
hospitalised endemi€. difficile ribotype, which reflects the general picture @f

difficile epidemiology.

The epidemiological study attempts to predict thterie, through analysis of past and
present accident data. It also highlights the hiabkfmad of the infectious diseases. In
this study, out of 140 isolates 15 ribotypes welentified, and the epidemic is of
ribotype 001. These results indicate the changmyglence, as the same ribotype
featured in the Mutlet al. (2007) study, and ribotype 002 was present inriTeto

al.’s (2010) results. The HPS records in 2011 alslicated that ribotypes 106 and
001 are the most prevalent in Scotland, while gipet027, which was the most
hypervirulent strain, is retreating except for o cities in Scotland and various
countries in Europe (Kuijpeet al., 2008). Moreover, theC. difficile Ribotyping

Network (CDRN) indicated that the frequency of tijge 027 had decreased in the

2008-2009 report in England compared to 2007-2608maret al., 2010).

In this surveillance, 89C. difficile isolates were collected from patients’ stool
samples along with 51 isolates from different typékospital environments. Ti@
difficile ribotype 001 dominates in this study, with 74 ase$, followed by 10
isolates of ribotype 020 and eight of ribotype 1Q@e other ribotypes were
negligible. It is apparent that the sourceCofdifficile may have had some effect on

increasing the repetition of the non-hyper-virulghotypes.
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The epidemic strain ribotype 001 had soared in shusly by about 53%, a third of
which instances were related to hospital envirortgjewhile eight isolates of the
epidemic ribotype 106 appeared in the search,diwehich were from stool samples
and three from the hospital environments. while fiBatype represented by 19% in

the Wiuffet al. (2011) study.

Some studies have suggested that other ribotypesedxthe frequencies of 027
ribotype, such as 078 in some European countrigs {lee Netherlands) in 2007,
compared to 2005, in which period 027 ribotype dased from 27% to 1% and the

prevalence of 078 ribotype jumped from 3% to 13%(Rket al., 2008).

However, in previous studies in Scotland, Tabml. (2010) indicated that ribotype
002 was the most frequent strain, although only feolates in this study were from
stools. However, Solomost al. (2011) suggested that ribotype 027 is the most
prevalent ribotype (18.8%), followed by 001 (15.8®%btheir study in the Republic

of Ireland.

On the other side of the world, in Taiwan, lanal. (2011) investigated 130 isolates
presented during the period 2001-2009 that NAP1 0BGtype did not expose.
Additionally, Huanget al. (2010) stated that the predominant epidemic yi®tin
Fudan University Hospital, Huashan, China, was Gbldowed by 001, between

December 2008 and May 2009.
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Coia (2009) recorded that the Scott@@lostridium difficile Reference Service results
for characterization by PCR ribotyping testing o305isolates in the period

November 2007-August 2009 indicated that 75% dfates related to 106, 001 and
027 ribotypes, and hypothesized that these reaute one of the natural reasons to

create the new endemics ribotype of Ghelifficile infection.

There is a lack of knowledge about the frequenty o CDI by ward specialties in
Scotland. However, Smytét al. (2008) studied the infections incidence in hadpit
wards, and indicated that the prevalenceCofdifficile was 0.69% in the general
surgical word and 1.09% for MRSA in four countristudied (England, Wales,
Northern Ireland and the Republic of Ireland) dgrifebruary 2006 to May 2006.
However, this study failed to mention the ribotypesessary to identify the source

of infection.

Accurate identification tools used in searches hassisted microbiologists to
correctly define diagnoses. Nowadays, howeverP@G® ribotyping has become the
standard typing method f@. difficile in Europe, despite there being no international
unified type strain library (Aspevadt al., 2006); this practice can be used with other

molecular typing techniques to divide strains isitpgroups.

Although the agarose gel electrophoresis PCR tgakenis cheap and easy to apply,
there can be poor resolution of fragment size amalgompared with CGE, which is
the reason for this study. Indeaal. (2011) indicated that using CGE by labelling

only the primer 16s by FAM dye to distinguish rijgeés is a more reliable and more
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sensitive method, saves time and makes it easiezotopare patterns between
laboratories. The other benefit of labelling orilg tL6s primer is the avoidance of the

double peaks which is necessary in routine work.

The lack of standard ribotype collection can leadlitferent nomenclatures, but this
should be avoided and known standards shared. Ebsit® http://webribo.ages.at
(accessed Sept 2012). offers automatic analysiscamgparison of thé€lostridium
difficile capillary-sequencer-based PCR-ribotyping-data, sintplifies laboratory
PCR-ribotyping methods. Thus, the continuous ingatbn of stool and
environmental samples to detect and anal@sedifficile is required to predict

outbreaks. The provision of accurate tools is akgential in proper laboratories.

A weakness in this study was that the ribotypeithistion may have been influenced

by the sample collection as the samples came fremghe unit in one hospital.

To conclude, the predomina@t difficile ribotype in the South Eastern of Scotland
was 001ribotype, and the predominant ribotype chdngne to time and place to
another. The spores were presented in hospitat@miental as a reservoir to spread
the microorganism. Proper laboratory investigatiagport prediction of CDI

outbreaks.
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CHAPTER IV ANTIBIOTIC SUSCEPTIBILITY
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4.1 Introduction :

The substantial global increase in life-threaten@glifficile infections (CDI) has
become a major problem for healthcare organisationdifficile infection is a well-
known cause of diarrhoea in geriatric patients iaressociated with broad-spectrum

antibiotic use (Dallaét al., 2002).

The C. difficile spore is considered to be the main source of Chése spores are
resistant to heat and normal antiseptic detergéntdifficile is also drought-tolerant
and may be difficult to remove from the surfacesngtruments. It has been isolated
from different environments, such as lavatories #mel surfaces of furniture in
hospitals (Rupnilet al., 2009; Linet al., 2011). Al-Saif and Brazier (1996) state that
the C. difficile isolated from cats’ tails, pets, soil and waterindicative of the

distribution ofC. difficile throughout communities and in healthcare buildings

Communities in developed countries are exposedaioyrpredisposing factors which
may lead to CDI infections, such as the uncontdoilse of antimicrobial treatment
and the increasing use by elderly individuals ofvnesky processes such as
radiotherapy and chemotherapy to treat malignaremestumours (Coia, 2009). In
Scotland, CDI cases underwent an approximatelylenfcrease between 1988 and
2000 (Leeet al., 2001), reaching a peak in 2007 but it is nowlideng (HPS

Network, 2011).
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Changes in the predominant types and their resistdaa antibiotics have also
occurred. Antimicrobial use is one of the most Bigant selective pressures that
affects the change in the incidence of the differgnains that caus€. difficile

infection (CDI). Access to up-to-date informatiom @atterns of resistance to

antibiotics is therefore important (Taetial., 2010).

4.1.1 Virulencefactors of C. difficile

The virulence ofC. difficile depends on its ability to produce toxins. Stradne
likely to be selected by their resistance to antibs. Antimicrobial resistance
patterns were related to thedC regulatory locus gens and consequent hyper
production of toxins A, B and binary toxin (CDT) ¢fonaldet al., 2005). Linet

al., (2011) acknowledge that hyper-virulency is redato one or more of the genes

tcdA, tcdB andcdtC.

The other factor that assists CDI is disruptiontttg bowel microbiota by broad
spectrum antibiotics that &. difficile-colonised colon can tolerate. Impaired
individuals, for example pregnant women or patiemith compromised conditions,
are more vulnerable to CDI (Balassiagt@l., 2012). In addition to bacterial cell wall
components, such as SLPs or flagellar proteinsydiytic enzymes and putative

capsules also have a role in infection (Dinglal., 2011).

Coia, (2009) and Wiuftt al., (2011) suggest that in the case of microbialleimt

and pandemic strains, antimicrobial resistant s¢raiould lead to the formation of

endemic subtypes such as the 106 and 001 ribotyp€s difficile. The Scottish
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Clostridium difficile Reference Service identified 530 ribotyped clinisalates ofC.
difficile and investigated their antimicrobial susceptipilietween November 2007
and August 2009. They were found 90% of isolatesewesistant to clindamycin

and fluoroquinolones, all isolates were susceptibbkeancomycin and metronidazole.

In the past, clindamycin was the first antibiotic be associated with CDI.
Widespread use of penicillin was then found to bgredisposing factor for CDI.
More recently, the third generation of cephalosmorand fluoroquinolones have

been implicated as risk factors for CDI (Wieffal., 2011).

4.1.2 C. difficile antimicrobial therapy:

The Society for Healthcare Epidemiology of Ameraad the Infectious Diseases
Society of America (SHEA/IDSA) guidelines recommeorhl metronidazole for

mild and moderate cases of CDI, or oral vancomyomsevere cases following
unsuccessful antimicrobial treatment. However, Ewopean Society of Clinical

Microbiology and Infectious Diseases treatment gna® document for CDI advises
the use of teicoplanin, a glycopeptide, and vanadmys supplementary oral
therapy. Both American and European guidance favotal treatment (Musgraee

al., 2011).

Louie et al., (2011) advocate the use of the narrow spectr@oroayclic antibiotic
fidaxomicin as it is considered safe, there isghHhevel of active drug in the bowel,
a low possibility of developing resistant strainsddimited effects on intestinal

microbiota. Moreover, it is associated with onlgnanor rate of recurrent CDI.
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Alternative therapies include bismuth subsalicylatfamycin, nitazoxanide,
tigecycline, linezolid and ramoplanin, as well asny non-antibiotic forms of
treatment such as immunological methods, faecalsplantation and surgical

procedures (Musgrawet al., 2011).

The study aimed to investigate minimum inhibitiooncentration (MICs) and
antibiotic resistance patterns f@. difficile isolates from surgical patients and
associated environmental samples. The relationséigween the sources of isolates

and antibiotic susceptibility was also examined.

4.2 Materials and methods:

Colleagues from the surgical wards at the Westezne@l Hospital in Edinburgh
provided 89 stool samples during 2009 and purif@@ddifficile isolates were
obtained from these samples. Also 51 pure cultwese obtained from the
environment of these patients. Pure cultures wiemneed in cooked meat broth for

further investigation.

This study followed guidelines set by the Cliniead Laboratory Standards Institute
(CLSI), officially the National Committee for Clioal Laboratory Standards
(NCCLS). MIC reference agar dilution methods (NCCPB04). Performance

Standards for Antimicrobial Susceptibility Testi@g07) were used.
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The isolates of standardised McFarland inocula wsreaked onto pre-reduced
Brucella agar plates supplemented with vitamin Kaemin and 5% (v/v) horse

blood (BD Biosciences, Oxford, UK).

The control strains used in each batch in thisystudre C. difficile ribotypes 001,
002, 012, 027, 078, and 106 from the MPRL collectibhe agar dilution method
was used to estimate the MICs for the six antibsotfampicillin, erythromycin,

tetracycline, metronidazole, moxifloxacin and vamgain).

The break points in this analysis were erythromyei pg/ml, tetracycling> 16
png/ml, metronidazole 32 pg/mL, moxifloxacir> 8ug /ml and vancomycin 32
ung/ml, (following Taoriet al., 2010) and ampicillire 32 pg/ml (from Taoriet al.,

2010 and Liret al., 2011).

4.3 Results:

The MICs were assessed by agar diffusion as destibSection 4.2. The image in
Figure 4.1 shows the Brucella agar medium with édswod, including antibiotic

dilution and the growth of. difficile isolates.

4.3.1 Sensitivity to antibiotics:

The susceptibility of 14@. difficile isolates to the six antibiotics used in this study

by determination of MICs is summarised in Table @il Figures 4.2 and 4.800%
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of isolates were sensitive to moxifloxacin, metdazole and vancomycin. These

results are generally compatible with Wieffal., (2011). However, whilst 100% of

the environmental isolates were sensitive to tgtlawe, more than 85% of isolates

were sensitive to ampicillin and around 15% wemsastant to erythromycin (Table

4.1).

Antibiotic Vancomycin Erythromycin [ Tetracyclingl ~ Ampicillin Menidazole Moxifloxacin
Source of isolated envi | stool | envi| stool| envi stod enyi stopl env] odt | envi stool
Number of _ _ 42 70 _ 13 7 14 _ _ | _
resistance isolatep

Number of 51 89 9 19 51 76 44 75 41 89 5] 89
sensitive isolates

Table 4.1: Antibiotic susceptibility to a. difficile isolates

Figure 4.1: Image of Brucella agar with blood
for MICs determination fo€. difficile isolates.
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Figure 4.2: Percentage of antibiotics susceptybdftC. difficileisolates

Figure 4.2 shows antibiotic susceptibility f@. difficile isolates from different
sources. The chart shows that 74% of isolates #gHilbesistance to erythromycin,
whilst 100% of isolates were sensitive to vancomycmetronidazole and
moxifloxacin. More than 12% of isolates were remist to tetracycline and

ampicillin.

4.1 Dominant ribotypesand MIC:

The most frequent ribotype in this study was thielepic ribotype 001. This strain
illustrates susceptibility to vancomycin, moxifl@ma and metronidazole. There was
no substantial variation between the 001 ribotypd the other ribotypes and no
difference between isolates from stool and hospa@avironmental isolates for

ribotype 001.
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Antibiotic MIC 50 pg/ml MIC90 pg/ml Break point gl
Ampicillin 20 160 64
Erythromycin 160 160 8
Tetracycline 5 80 16
Metronidazole 5 5 32
Moxifloxacin 5 5 8
Vancomycin 5 10 16
Table 4.2: MIC 50 & 90 fo€. difficile ribotype 001

Table 4.2 shows the MIC50 and MIC90 for ribotypel O@hich indicates that 50%
of isolates were inhibited by 20 pg/ml of ampiclliand by 160 pg/ml of
erythromycin. For tetracycline, metronidazole, nflmxiacin and vancomycin, the
corresponding figure was 5 pug/ml. The same resudie observed in MIC90 for
metronidazole and moxifloxacin. Ampicillin and @m@mycin inhibit ribotype 001

at concentrations of 160ug/ml for MIC90; the figdor tetracycline was 80ug/ml.
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Figure4.3: Antibiotics susceptability f@. difficile 001 ribotype

Figure 4.3: The histogram shows that @ll difficile isolates are suscepitible to
vancomycin, metronidazole and moxifloxacin, but sostrains from the environment
show resistance to erythromycin and tetracyclinbilavthe stool strains show the
highest resistant percentage to eryrthomicin.
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Figure 4.4 This shows an almost normal distributainampicillin MICs values
against ribotype 001 and a concentration of 20ug thva most effective, the Y error

bars by 1 standard deviation and fixed value 4 &4th

Through the data from this study we can see thaktivere similarities in antibiotic
susceptibilty between isolates from the hospitalirements and the stool isolates,
which suggests that the source<otlifficile isolates were the same, and the hospital

enviroment contaminated patients isolates.

4.4 Discussion:

This study examined the susceptibility of 1@0 difficile isolates and found all
isolates to be susceptible to vancomycin, metrauldaand moxifloxacin. The HPS
2011 report found vancomycin and metronidazoleg@dmpatible for all ribotypes,

but 100% of ribotype 106 and 69% of ribotype OOtlates were resistant to
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moxifloxacin. Ribotype 020 had 28 isolates thatvebd 100% sensitivity in the HPS

reports.

Furthermore, the frequency of resistance by rib®t9p1l isolates to erythromycin
was 74%. Similarly, HPS reports show a figure o¥/ vhilst Mutluet al., (2007)

found that 95.4% of ribotype 001 isolates werestesit to three or more antibiotics.
Ribotype 001 is often related to multi-antibiotesistant strains, which may partially
explain its predominance in some studies (Tabal., 2010). Furthermore, 100% of
ribotype 106 isolates are resistant to erythromylir the ribotype 020 isolates were

sensitive 100%.

In this study, 7% of isolates were found to bestsit to tetracycline, whilst Barbut
et al. (2007) indicated that for toxigenic strains 9.2ffoisolates are resistant to

tetracycline.

No strain was resistant to all six antibiotics ugedhis study. Mutluet al., (2007)
found one isolate of ribotype 001 to be resistanthe five antibiotics studied. As
incidence rates of CDI in Scotland have decreastiS(reports 2011), multidrug
resistance is not the only virulence factor in @difficile endemic. A number of
other virulence factors, such as inducers of cytesj binary toxins, surface layer
proteins and sporulation, have been suggestedeas ar which further research is

needed (Taormt al., 2010).
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Table 2 shows that 50% of isolates were inhibitg@® L g/ml of ampicillin and 160
ung/ml of erythromycin compared to 32 ug/ml in 20@Sults obtained by Taoe

al., (2010), whilst tetracycline, metronidazole, moxxein and vancomycin were
inhibited by 5ug/ml. The same results were obtaime®IC90 for metronidazole
and moxifloxacin. During the period 1979-2004, tWéC50 (Taoriet al., 2010)

study obtained the same results for metronidazuelélst the figure for tetracycline
was 1ug/ml, for moxifloxacin 2pg/ml, and 1pg/ml feancomycin. In addition,
ampicillin and erythromycin inhibit ribotype 012 atl60ug/ml for MIC90 and
80ug/ml for tetracycline. Liet al., (2011) found the value for MIC90 for ampicillin

to be 4pg/ml.

Rupniket al., 2009 and Liret al., 2011 indicate that th€. difficle spores were able
to contaminated hospital's surfaces furntureetsiland linen. The inferences of
similarity in antibiotic susceptibility of stool dnenvironmental isolates lead to

suggesting that th€. difficile spores spread in hospital environments.

The change in the pervasivenes<otlifficile and its susceptibility to antimicrobials
could be due to numerous factors. Ongoing studreshe change irC. difficile

ribotypes in hospital environments and their apilid induce cytokines, binary
toxins, surface layer proteins and sporulation eequired, which will have
implications for healthcare workers and hospitaviemments acting as bacterial

reservoirs.
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CHAPTERV IMMUNE RESPONSESTO C. difficile ANTIGENS

INHEALTHY PEOPLE INTHE COMMUNITY AND IN

HOSPITALISED INDIVIDUALS
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5.1 Introduction:

A huge range of microorganisms inhabit the humamwedbo The host mucosal
immune system has the ability to differentiate hesw pathogenic and commensal
organisms. The regular sampling of antigenic mdéscdrom normal microbiota
may be used to enhance specific IgA responsesiimesenteric lymph nodes against
symbiotic microorganisms. The IgA is then secretethe mucosal layer in the colon

to protect the intestine from microbial assaultn@brew and Pamer, 2012).

Viscidi et al., (1983) hypothesised that the production of amlibs is stimulated
during childhood and continues into older age peesive whether the body is

exposed to the same pathogens or to alternatiwespe

The host immune response @ difficile immunogenic molecules has been the
subject of extensive research over the past ded&glee et al., (2000) found no
significant difference between IgG and IgA levets Serum from CDI patients.
Drudy et al., (2004) found no variation in the concentrationdgs®, IgM and IgA

against S-layer proteins @f difficile in serum from patients, carriers and controls.

Sanchez-Hurtadet al., (2008) examined the response of antibodies fterdnt C.
difficile antigens in symptomatic CDI patients, carriers aodtrols (non-colonised
individuals). No noteworthy variation in IgM levelgith all antigens between the

three groups was found, while anti-lipocarbohydrif& was higher in controls.
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Antibodies for other antigens were higher in symmtic patients and carriers than
in the controls.

This study aimed to separate fedifficile cell wall antigen SLPs, lipocarbohydrate
(LC) and flagellar proteins from the five most fueqt strains encountered in South
Eastern Scotland. The objective was to test theottngsis of immunogenicity of
theseC. difficile proteins by estimating IgG levels against thesggans in the
community of Edinburgh and in hospitalised indivatkiand to determine the hyper
immunogenic antigen. The hypothesis of repeategttidn due to a lack of creation

of antibodies was also examined.

5.2 Materials and methods:

5.2.1 Bacterial growth:

Four of most frequer@. difficile ribotypes in South Eastern Scotland (001, 002, 078
and 106) along with ribotype 027, which is very amenon locally, were grown

anaerobically in PPY broth and used to extract SLEsand flagellar proteins.

5.2.2 Extraction of SLPs, LC and flagellar proteins:

The guanidine HCI method was used to extract SkBm fthe five C. difficile

ribotypes as described in Section 2.3.2.2. Theaetttm methods for flagellar
proteins followed the procedure outlined in SectiB.4. Extraction methods for
lipocarbohydrate (LC) were based on Poxton andn@kr{1982) and Sharp and

Poxton (1986) as described in Section 2.3.5.
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5.2.3 PAGE preparations:

Polyacrylamide gel electrophoresis was preparedessribed in Section 2.3.6 to

confirm the purification of proteins.

5.2.4 Detection of 1gG antibodiesby ELISA:

Detection of IgG antibodies was performed by ELISAe procedure followed is

described in Section 2.4.1.

5.2.5 Serum samples:

Samples were obtained from the MPRL collection ingatly obtained under ethical
approval from the SE Scotland Blood Transfusionviserin Edinburgh (healthy
blood donors) and patients in the Royal Victoriaspital in Edinburgh: the latter

were also used in the study by Sanchez-Huréhdb(2008).

The samples used in this study were divided intw fpoups:
Donor samples were collected from healthy adulividdals from blood donors
(230 samples).
Controls were individuals who were culture-negatwel toxin A/B negative (26
samples) from the hospital community.
Symptomatic samples were collected from patientk walinically diagnosed CDI
by positive investigation for toxin A/B, stools dod positive identification for
PMC on colonoscopy (20 samples).
Carrier samples were collected from people who veetture positive for toxin

A/B but asymptomatic (20 samples).
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5.3 Reaults:

5.3.1. Separation and purification of SLPs, L C and flagellar protens:

Separation of SLPs from different ribotypes presértivo layers: HMW about 45
kDa and LMW around 35 kDa of SLPs as shown in theges in Figures 5.I.
Flagellar proteins ranged between 40-55 kDa in PAGEvell as lipocarbohydrate

LC.

Vi

|
-
¢ B 1 8 B8ERLFRE

001 ooz 027 078 106 LadderlkDa

Figure 5.1: Demonstrates the two SLPs bands footypes 001, 002, 027, 078
and 106 comparing to the ladder next to 35 andBb dn PAGE.

5.3.2 Anti-cell wall markersand flagellar proteins1gG levelsin the community:

The three antigens of. difficile from every isolate of the five ribotypes were
exposed to the donor serum. Measurements of thed tdvigG antibodies against
antigens were evaluated by ELISA, with the valuesntdivided into groups to

demonstrate the distribution. Charts of the distidn of IgG against SLPs, LC and
flagellar proteins in donors’ serum showed almastmal distribution for all antigens

as shown in the Figures 5.1la, 5.1lb, 5.lic, 5.1&lJle, 5.llla, 5.1lIb, 5.llic, 5.11d,

5.1lle, 5.lva, 5.1Vb, 5.IVc, 5.1Vd and 5.1Ve.
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These figures indicate that anti-106 SLPs and @0ti-SLPs accounted for the

highest percentages. Table 5.1 offered statistalales as standard error of the mean

(SEM) which was about 3.4 for anti-106 SLPs and #5 anti-001 SLPs. The

confidence interval at 95% was more than 6.0 fdr-@27 SLPs and 9.7 for anti-

001SLPs, whilst the range of prevalence in all-&hfPs ranged from 33 to 51. The

coefficient of variation with the exception of tB82 ribotype was 0.8.

Statistical parameters for Ribotype

SLPs 001 002 027 078 106
Range 47 33 36 33 51
Variance 283.4505 | 168.9231 |164.7778 | 154 194.882
Standard deviation 16.836 12.997 12.8366 12.4097 13.96
Coefficient of variation 1.0338 0.8123 1.0697 0.9797 1.0409
Standard error of the mean | 4.4996 3.4736 2.9449 2.925 3.3858
95% confidence interval 9.7208 7.5043 6.187 6.1712 7.1776
Upper 95% confidence limit | 26.00653 | 23.50427 | 18.18703 | 18.83785 | 20.5893
Lower 95% confidence limit | 6.564903 | 8.495732 | 5.812967 | 6.495481 | 6.23418

Table5.1: Statistical values of distribution of anti-SLPsIgG in healthy donor serum

The 95% confidence interval ranged from 5.7 toii.&nti-flagellar 1IgG and from

4.98 to 7 in anti-LC 1gG. However, the coefficiardriations were mainly around

one, with the exception of anti-078 flagellar pmge(about 0.7) as shown in Table

5.2.
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Statistic parameters for flagellar Ribotype

001 002 027 078 106
Range 40 38 35 31 33
Variance 185.4505 | 152.5074 | 160.0074 |108.1714 | 159.007
Standard deviation 13.618 12.3494 12.6494 10.4005 12.6098
Coefficient of variation 0.8362 0.9208 0.9432 0.6842 0.9402
Standard error of the mean | 3.6396 2.9952 3.0679 2.6854 3.0583
95% confidence interval 7.8628 6.3495 6.5037 5.7596 6.4834
Upper 95% confidence limit | 24.14853 | 19.76123 | 19.91549 | 20.95963 | 19.8951
Lower 95% confidence limit | 8.422902 | 7.062296 | 6.908043 | 9.440368 | 6.92839

Table 5.2: Statistical values of distribution anti-flagellar 1gG in healthy donor serum

For anti-LC 1gG distribution, the coefficient of nation was between 0.7 and 0.99

for the 001 and 106 ribotypes respectively. Thetmosmal distribution was found

in anti-027LC IgG.

Statistical parameters for LC Ribotype

001 002 027 078 106
Range 32 26 36 39 34
Variance 134.0659 | 94.0074 147.7574 | 176.4667 |177.5074
Standard deviation 11.5787 9.6957 12.1555 13.2841 13.3232
Coefficient of variation 0.711 0.7229 0.9063 0.9322 0.9934
Standard error of the mean | 3.0945 2.3516 2.9482 3.321 3.2313
95% confidence interval 6.6853 4.9851 6.2498 7.0786 6.8502
Upper 95% confidence limit | 22.97105 | 18.39685 | 19.66157 | 21.32858 | 20.26192
Lower 95% confidence limit | 9.600381 | 8.426676 | 7.161959 | 7.171416 | 6.561613

Table5.3: Statistical values of anti-L C 1gG distribution in healthy donor serum

116




5.3.3 Contrast between 1gG level averages against SLPs, L C and flagellar in the

community samples (healthy donors):

Immune response results in donor's serum showedtiibaSLPs had the highest
averages in all ribotypes, with the exception d& Ignti-flagellar, which exceeded
the IgG anti-SLPs in the 027 ribotype (Figure 5.Mhwever, 1gG anti-LC was the
lowest for all five ribotypes (figure 5.V). On tl¢her hand, the wider range of I1gG
concentration related to anti-LC was about 0.1 Ignti-SLPs had the least
variation (0.084) between the five ribotypes inaémost similar reaction (Table 5.4).
Also there was a significant variation in immunspense between different LC from
different ribotypes. Donor serum had the best imengaction to SLPs and flagellar

proteins.

0.50
OSLPs Oflagellar ELC
0.45+
0.40+ 1
0.354

0.30

0.25

0.20

concentration

0.15+

0.10

0.05

0.00 . \ .

001 002 027 078 106
C. difficile ribotypes

Optical density averages of ELISA reading for

Figure 5.V: Histogram showing the contrast betwegarages of anti-SLPs, anti-

flagellar and anti-LC IgG from five ribotypes inmlars samples.
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Statistical parameters SLPs averag Flagellar geetalLC average
Arithmetic mean 0.41068 0.374478 0.14975
Geometric mean 0.4098 0.369562 0.104751
Median 0.4069 0.385763 0.195575
Range 0.0837 0.1656 0.2328
Variance 0.000908 0.004525 0.0119
Standard deviation 0.0301 0.0673 0.1089
Coefficient of variation 0.0135 0.1796 0.7271
Standard error of the mean 0.0374 0.0301 0.0487
95% confidence interval 0.448085 0.0835 0.1352
Upper 95% confidence limit | 0.373275 0.458001 0.53549
Lower 95% confidence limit | 0.373275 0.290955 0.9
Pvalue at DF =5 0.0001 0.0001 0.0101
Table5.4: Statistical values of 1gG levelsin healthy donors serum.

5.3.4 Spread of I1gG in C. difficile patterns:

The spread of IgG levels for each pattern was aysgal in a trend chart. The R-
squared (B value was estimated to indicate the coefficiamd affectiveness. The
spread of IgG against the three antigens for differibotypes is presented in figures
5.Vla, 5.VIb. 5. Vlc, 5.VId, 5.Vle, 5.Vlla, 5.VIIb5.VIic, 5.VIid, 5.Vlle, 5.Vllla, 5,
Vilib, 5.V.lllc, 5.VIIld and 5.Ville-All values were represented in relation to all

antigens in the study.

Coefficient of R was determined in a statistical analysis that shihw effectiveness
of one changeable at predicting another variabhe R value ranged from 1 to O

and the higher the®value highlights the closer the values are to exihr.

The results showed thaf Ranged from 0.044 — 0.515, these results demadestrat
the most influential results were found with thei-&u€ IgG 106 ribotype from all

responses to the antigens.
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5.3.4.1 Anti-SLP IgG level distribution in donors:

Figures 5.Vla-5.Vi show that the anti-SLPs for tjgme 106 values had the highest
R? value (0.38), whilst the lowest’Rissessed was for anti-SLPs 027 ribotype with

0.27.

5.3.4.2 Anti-flagellar 1gG level distribution in dors:

Data in figures 5.Vlla-5.Vlle characterise that theti-flagellar 19G level for
ribotype 078 has the highest Ralue (0.31), whilst ribotype 002 had the smallest

(0.27).

5.3.4.3 Anti-LC IgG level distribution:

The statistics in Figures 5.Vllla-5.Vllle show th#dtere was a high degree of
variation in R values, whereas®Ror 1gG against LC from ribotype 106 distribution

reached a peak of 0.52. Conversely, for anti-00ad& levels Rfell to 0.04.

5.3.6 Comparison of immune response of patients, carriers, donorsand controls

to SLPs, LC and flagellar proteinsfrom five dominant ribotypes:

The serum samples used in this study were dividea four groups: symptomatic

patients, carriers, controls and community donassjescribed in Section 5.2.5.
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The averages of anti-IgG were compared, as showngures 5.1X, 5.X and 5.XI.

These graphs data show that donor samples hadwlestl degree of variation (0.76-
0.98) for the three antigens of five ribotypes)daled by the serum samples from
the control group. For the symptomatic patientg dorresponding figures were

between 0.1 - 0.219, more than five times the ranogerved in the donor samples.

The highest average value occurred in symptomatigpges due to the three types of
antigens: SLPs, LC and flagellar proteins. Statdtanalysis of the differences in the
means in symptomatic cases and donors indicated was a significant difference
between themR=0.0345; degree of freedom D.F. = 5) as well withtools. On the
other hand, the differences between symptomatienqtat and carriers were not
considered to be statistically significa®=(0.73). The error bars correspond to the

standard error of the mean (SEM).
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Figure 5.IX : Anti-SLPs I1gG from different
ribotypes in serum
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5.4 Discussion:

This study aimed to extract three antigens fromcelewall and flagellar proteins of
the four predominart. difficile ribotypes in South Eastern Scotland along with. 027
The objective was to determine the suggestionttieet. difficile cell wall molecules
were involve in systemic immune responses or ngtestimating the 1gG level
against these antigens in the people in the comguni Edinburgh and in
hospitalised individuals. It also aimed to deterenthe immunogenic components
from these three antigens and the relation betweeéinvall antigens and virulence
and to begin to examine the hypothesis that restiindection occurs due to a lack

of antibody responses .

The three antigens, SLPs, LC and flagellar protewere found to exhibit
immunogenic activities at different levels depertdem the type of antigen and the

source.

O’Brien et al., (2005) claimed that anti-SLP serum was implidatethe protection
of hamsters during lethal exposure @ difficile infection. Kyneet al., (2001)
recorded that the reduction in recurrent CDI in huswas associated with IgM anti-
SLPs. SLPs are probably involved in tBedifficile colonisation mechanism in the
host bowel and are the main immunogenic componietitecC. difficile surface cell
wall, which can be used in vaccination (Spigagtial., 2011). Calabet al., (2002)
suggested that SLPs have a role in microbial adhets epithelial cells and may

lead to epithelial inflammation. Wriglet al., (2007) argued that SLPs functioned as
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immunodominant antigens when serum from six patierfected byC. difficile 078
ribotypes against SLPs was analysed. Sanchez-Hetadl, (2008) claimed that the
presence of IgG antibodies against SLPs was higlCn cases compared to

asymptomatic and control patients in their study.

The results of this study were corroborated witkevpus results for SLPs, as
immune reactions for all ribotypes-hypervirulentdanon-hypervirulent — were
found, but at different levels. The immune respoofanti-SLP 1gG level for 027
were considerably higher in symptomatic serum coegdo carrier, control and
donor samples with a coefficient of variation (Cdf)0.0135. This outcome did not
support Kyneet al. (2001) hypothesis, which states that patientsriséd byC.

difficile without associated diarrhoea developed a highel lgf antibodies than did

symptomatic patients.

One of applications of the immune response stuati@snst SLPs was preventing the
host from developing CDI or at least decreasingmshtion by vaccination using

SLPs (Kelly and Kyne, 2011; Sandapal., 2011; Péchinét al., 2011).

Research on the host immune response to flagellagems does not yet provide a
full understanding of colonisation, pathogenicitydaCDI prevention. Tasteyet al.,
(2001) claim that the flagellated. difficile isolates have the ability to adhere to the
bowel mucus tissue of germ-free mice ten times ntloa® non-flagellated strains,
which is attributed to the flagella involved in b&gal adhesion to the mucus layer in

Vivo.
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Péchinéet al., (2005) also examine@. difficile flagella proteins antibodies during
the infection, the antibodies were at detectabtelte14 days after diagnosis of CDI.
Furthermore, immunising with flagellar proteinstie mouse model, in combination
with other surface antigens, was effective whercutated by the rectal route and
then exposing to a hypervirule@t difficile strain. Colonisation was considerably

lower in immunised mice compared to controls whieteived a PBS injection.

Conversely, Dingleet al., (2011) rejected the hypotheses concerning tlhee ab
flagellar proteins in adherence and virulence wegposed to Caco-2 and epithelial
cellsin vitro. The wild-type strairC. difficile 630 was found to have lower adherence
compared to mutant strains. As the mutant stram®wnore virulent in the hamster
module, it was suggested that the flagellar prstelid not affect a strain’s adherence
and virulence. Dinglet al., (2011) propose that suppression of motilityigorm of

pathogenic strategy for CDI.

The anti-flagellar 1gG levels for the five mostdreent ribotypes in Scotland were
detected by ELISA after exposing to serum from symatic, asymptomatic
carriers, controls and donors @ difficile flagella proteins. The results indicate that
the anti-flagellar IgG distribution in healthy dosowas in an almost normal mode
and was at a lower level compared to averages BsSar four ribotypes, with the
exception of 027 ribotypes, which had the highegires. It was also significantly

high for 027 and 002 ribotypes in symptomatic pdaecompared to carriers,

128



controls and healthy donors with a coefficient afiation (CV) of 0.179. This may

reflect the immunogenicity of flagellar proteinsifin 027 ribotypes.

Poxton and Cartmill (1981) noted that the lipocdwjmbrate polymers present in the
C. difficile cell wall expressed immunogenic activity. SancHeztado and Poxton
(2008) noted that the combination of EDTA extramtyde LC with a suboptimal
level of toxin had a considerably improved cytotoactivity on Caco-2 cells and on
cells from the Vero cell linen vitro. Sanchez-Hurtadet al., (2008) investigated
anti-LC IgG levels in the serum of symptomatic eats, carriers and control
individuals using LC from endemic 001 ribotype aoginotype 0. Results showed
anti-LC IgG level in the controls was higher thansymptomatic samples and non-

symptomatic carriers.

Lipocarbohydrate LC antigens from the five enderfic difficile ribotypes in
Scotland were challenged to serum samples from bbdyh residents and
hospitalised patients as well as controls to agbesanti-LC 1gG levels and compare
these to anti-SLPs IgG and anti-flagellar IgG. Bmeount of anti-LC IgG in donor
serum was lower than 1gG for SLPs and flagellartggns from all five ribotypes,
although LC from ribotypes 027, 078 and 106 wasuabeice as high as anti-LC of
001 and 002 ribotypes. For anti-LC IgG from 0Olotype, similar results to
Sanchez-Hurtadet al., (2008) were obtained. For LC ribotype 027, thegtomatic
serum samples were the highest, with a signifieantation in anti-LC 1gG levels

compared to serum from other groups of individudlke effect of LC varied
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between ribotypes. The symptomatic serum respatséol suggest that the LC may

have a role in aspects of virulence of the strashigs pathogenicity.

Recognition of the relationship between the lackmiduction of specific antibodies
after initial infection and recurrences was sugegediy Drudyet al., (2004). The

lower level of IgG in community individuals, conksoand carriers compared to
symptomatic patients does not indicate that pradncbf antibodies has been
disabled in these cases, but rather that the pstirexlevel of antibodies in normal
healthy donors and carriers is normally sufficiemallow the host to protect itself
until it can resume the production of specific Ig@tibodies after exposure to

aetiologic agents.

The weakness in the immune response of elderlylpesnpd immunocompromised
patients was reflected in their being the most comimosts of CDI, mainly because
their immune systems were worn out as a resultgeing and severe or chronic

illness.

The paucity of information available about the bbmérobiota in the cases used in
the study, as well as patients’ history, namely thbeor not they had experienced
recurrent cases of CDI or had undergone othernteats or operations that may
have disrupted the immune system, should also beebia mind and could clarify

the incompatibility with some studies. On the othand, the sample size may have

affected the statistical analysis of results.
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To conclude, the relationship between host immuwstesn and the appearance of
illness requires further investigation. Immune weses toC. difficile cell wall
components in normal healthy individuals and pasidan this study indicate the
immunogenicity of SLPs, LC and flagellar protei®.Ps from the hypervirulent
ribotype 027 had had the highest immune resporsalidathe LCs and flagellar
proteins, but with lower levels, indicating the atgbnship with virulence. The
hypothesis of recurrent infection due a shortagamibodies was not confirmed in
this study as immune responses to non-hypervirulrins varied between
symptomatic cases and carriers. However, this lngsié does not account for the

027 ribotype which is very uncommon in SE Scotland.
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CHAPTER VI INFLUENCE OF C. difficile ANTIGENS ON

LEUKOCYTES
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6.1 I ntroduction:

As stated in chapter I, the disease symptoms calgedl difficile are extremely
wide-ranging. These signs range from mild sympttosevere illness with difficult-

to-treat complications, and may be life threateningompromised people.

One of the primary barriers in the bowel is theailgnimmune system. The innate
immune cells require immunogenic molecules for gaitoon and activation. The

detection of foreign molecules by the presencehefmucosal layer in the bowel
comprises three steps: the creation of an antiiataesponse, the stimulation of

the epithelial cells and the activation of immuedsc

This chapter is a comparative investigation ofcsitokine levels which are enhanced
by three antigens from five domina@t difficile ribotypes in Scotland. The cell line
was for in-vitro experiments and the cell wall geti activities were compared to

LPS for the production of cytokines.

The aim of this study was to clarify the immuno@#yiof the three antigens (SLPs,
LC and flagella) from the dominar@. difficile strains, as well as assessing their
effectiveness in the innate immunity by stimulatihg THP-1 cell line to produce
cytokines, and comparing their results to LPS asrdrol. The production levels of
six cytokines (TNFe, IL-1p, IL-6, IL-8, IL-10 and IL-12) were estimated by HA,

and verified which antigen was hyper immunogenic $iymulating cytokine
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secretion. In addition, an attempt was made tafgléine role of these antigens in

innate human immunity.

6.1.1 Microbiota and therole of cytokinesin controlling innate immunity:

The human bowel is able to be colonised by an eaosmnumber of
microorganisms. The normal relationship betweerhthst and the microbes is either

symbiotic or commensal on the area of contactjtbufy convert to pathogenicity.

Caio et al. (2012) suggested that the symbiotic microorgasisiave a role in the
balance of the microbiota and in supporting thethoa many functions. The
symbiotic microbes were abte change the innate immune system from an inactive
anti-inflammation level condition to an active pgasi by continuous signalling from
microbiota inhabitants. This causes the innate imencells to move and respond

rapidly to invasive aetiologic or damaged tissuddators.

The quick-recruitment innate immune lines are dsslefor an effective human
response to gastrointestinal pathogens. The damagétielial tissues include
antigenic molecules of the pathogen. After detgctime immunogenic molecules
through cellular immunity in the bowel, pro-inflaratory mediators like cytokines
are rapidly discharged, which is the primary resgoto infection. These cytokines
play a role in inducing antimicrobial factors andiwating immune cells. The pro-
inflammatory and regulatory mediators include T&HL-1-p, IL-6, IL-8, IL-10 and

IL-12, which are secreted from leukocytes (Kinnebm@nd Pamer, 2012; Lin and

Karin, 2007).
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6.1.2 Interleukin -p (IL-1-B):

Cytokine protein (IL-1B) is known as catabolin. The macrophage is the ymedof
IL-1B preprotein, and is then activated as active cymkilL-18 is involved in many
cellular activities, such as cell proliferation, ffdientiation, apoptosis and

inflammatory pain hypersensitivity (Pesateal., 2011).

6.1.3 Interleukin 6 (IL-6):

IL-6 has multiple effects, as it is responsible &imulating acute phase protein
synthesis, and stimulates the production of netitepn the bone marrow. It also
supports B cell growth and is antagonistic to ratpry T cells. IL-6 is relevant to
many chronic diseases, including diabetes, anduggested to have a critical
involvement in the development of colon cancer #mel pathogenesis of Kaposi

sarcoma (Lin and Michael, 2007; Kristiansen and dfap-Poulsen, 2005).

6.1.4 Interleukin 8 (IL-8):

IL-8 is a chemokine produced by macrophages aner a#ll types, such as epithelial
and endothelial cells. The endothelial cells star8 in their storage vesicles. The
essential role of IL-8 is the induction of chemagasuch as neutrophils and
granulocytes in its target cells, as well as atingc neutrophils to the site of

inflammation (Wolffet al., 1998).
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6.1.5 Interleukin 10 (1L-10):

The effect of IL-10 is immunosuppressive and amfliemmatory activity, in
significant contrast to IL-6. IL-10 inhibits NF-kBctivation through ill-defined
mechanisms, and as a result inhibits the produdfgoro-inflammatory cytokines,
including TNFe, IL-6, and IL-12. Consequently, the other role 1bf10 is the
inhibition of tumour development and progressios,saggested by Lin and Karin

(2007).

6.1.6 Interleukin 12 (1L-12):

IL-12 is a pro-inflammatory heterodimeric cytokinéhe dendritic cells (DC),
macrophages and human B-lymphoblastoid cells weeecteator of IL-12. IL-12
plays an essential role in the activities of ndtkilger (NK) cells and T lymphocytes,
as well as mediating the enhancement of cytotogiwity. Its other function is the
stimulation of the production of interferon-gammi&N-y) and tumour necrosis

factor-alpha (TNFe) from T and natural killer (NK) cells (Hamzhal., 2010).

6.1.7 Tumour necrosisfactor-alpha (TNF-a):

TNF-a is a cytokine produced by activated macrophaggtmmatory cells and
tumour cells. It has a role in systemic inflammatend in stimulating acute phase
reactions, and its essential role is the orgamisatif immune cells. The ability to
induce fever and sepsis has been suggested as &mbtion, especially in chronic
cases such as inflammatory bowel disease (IBD)r(&kgv et al., 2002; Lin and

Karin, 2007).
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6.1.8 Thecoreof E. coli LPS:

Many immunological studies have udedcoli LPS as a control antigen because it is
readily obtainable and due to its immunogenicitSLcontains three parts: Lipid A
(the endotoxic part), a core oligosaccharide angofysaccharide, which is the
important antigenic component and is extremelyaldé. In contrast the Lipid A
component is the major biologically active part asdlimited in structure and
conserved. However, the antibody response act:isigaligosaccharide and O-
polysaccharide together (Gibbtsal., 2004), while the inflammatory response is due

to Lipid A.

6.2 Materials and M ethods:

6.2.1 The sandwich enzyme-linked immunosor bent assay (EL1SA):

The ELISA procedure, following the technique owlinin Section 2.4.1, is

summarised in Table 6.1.

Well contents

Antigen

Antigen diluent

Serum

Serum diluent

Conjugate

Substrate

Blank (B)

+

+

+

+

Antigen control (Ag)

+

+

+

Serum control (S)

+

+

+

Test (T)

+

+

+

Table 6.1: Summary of the ELISA procedure

6.2.2 THP-1 cdl line;

The THP-1 cell line was used, as described in 8e@&i5, to estimate the activity of

C. difficile on this part of the immune system. PMA (50ng/masvadded as a

supplement to induce differentiation.
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6.2.3 Exposure of THP-1to C. difficile antigens:

The challenge procedure to cell wall antigens winsathescribed in Section 2.6.3 was
followed to enhance the THP-1 cell line in ordeptoduce cytokines after induction

with C. difficile antigens.

6.2.4 Assessment and evaluation of cytokines:

Primary and secondary antibodies dilutions, as wedl standard cytokine
preparations, were followed as in Section 2.6.4e Bkeps in the Materials and

Methods (Chapter IlI) were used to detect and evaline cytokine concentrations.

6.3 Results:

The in-vitro exposure ofC. difficile antigens to leukocytes induced cytokine
production. The cytokines were captured by speaifiti-cytokine antibodies via the
ELISA technique. The cytokine concentration (ng/mbs evaluated by converting
the optical density reading of ELISA results tombulsing the standard curve given
for all standard cytokines used in this study, déimel calculation based on a line

between the points.

ThreeC. difficile antigens (SLPs, LC and flagella) from six domindmbtypes (001,

002, 012 027, 078, 106) were used in this studyyelsasE. coli LPS as a control.

The human leukocytes cell line was challenged widse antigens.
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6.3.1 Innate immune r esponse:

Figure 6.1 presents the leukocyte response wheosexptoC. difficile antigens from
six dominant ribotypes and LPS as a control bynesting cytokine production. The
highest concentration of antigens was 50ug/ml, BMA was used at 50ng/ml,

which gave more detectable levels than when 10ngfrAMA was used.

There was a large variation between the effectghef different antigens. The
cytokines induced in the leukocytes cell line rah@petween 4.7 ng/ml for TNE&-
from LC of 027 ribotype and 109.1 ng/ml for IL-1flea being treated by SLPs from
027 ribotype. The lowest effect of LPS was 14.5ndlm IL-8 secretion, and the
maximum value was 43.3 ng/ml for IL-12. Generally8 has the lowest level of
induction. Nevertheless, TNé&showed the smallest amount of secretion from the

cell line when exposed to 027 ribotype flagellastpms.

6.3.2 Interleukin 1-:

The highest level of IL{fL was produced by treating with flagellar antigeris o
ribotypes 027, 078 and 106; generally Ig-levels ranged from 11.14ng/ml to
35.5ng/ml, and LC and flagellar from 012 ribotypadha similar effect on ILfL
production. SLPs gave around 20ng/ml from ribotyp64, 012 and 078, while a
level of 27ng/ml was reached with 027 ribotype, pjiog to 13ng/ml with 106

ribotype (see figure 6.2).
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Figure 6.2: Comparison between antigens of sixtypes for stimuating I3
production and LPS

Figures 6.2a, 6.2b, and 6.2c present the relatipristtween IL-B production and
increasing LC, SLPs and flagellar concentrations tloé six ribotypes. The

enhancement of 5pg concentration of 027-LC off Ias not detectable.
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Figure 6.2a: ILB production by LC from six ribotypes and LPS
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LPS 50ug enhancement of induction of Ig-éxceeded that by SLPs from 001, 012,
027, 078 and 106 ribotypes, as well LC from 0017 @&d 106 ribotypes. Also

flagellar proteins from 001 and 002 ribotypes weweer than LPS activity.

6.3.3 Interleukin 6:

Generally, IL-6 has a higher result for SLPs tharlfp and IL-8, but there was
considerable variation between the effects on ttigens from different ribotypes;
012 ribotype antigens (SLPs, LC and flagellar) eopently gave higher
concentrations than the other ribotypes. On theerotiand, IL-6 levels due to
flagellar proteins from four ribotypes were supetm SLPs except for ribotype 012,
and the IL-6 level ranged from 30ng/ml to 45ng/mhk6 from LC ranged from

20ng/ml to 42ng/ml. The control LPS antigen ext@dita higher value than SLPs

from 002, 027, 078 and 106 ribotypes (see figusg. 6.

Figures 6.3a, 6.3b and 6.3c illustrate the relatigqm between IL-6 production
development and increasing LC, SLPs and flagellancentrations of the six
ribotypes. The highest amount was 50ug of antigggduo represent the highest
effect on leukocytes to produce IL-6. The LC andPSlfrom six ribotypes and LPS
at 5ug stimulate IL-6 in the range 10-20ng/ml, thagellar proteins from 002, 027,
078 and 106 ribotypes effect exceed 25ng/ml of IIDB antigens have the greatest

effects at the concentration 50ug.
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6.3.4 Interleukin 8:

The production of IL-8 was generally weak for @lldifficile antigens in the study as
well as for the control. The largest amount of Ilwas related to flagellar protein
from 002 and 001 ribotypes by about 27ng. LPS skiothie lowest influence; less

than 15ng.

35 -
HLC OSLP:¢ OFLC @&@LPS

I
{ I

25

20

15

IL-8 concentration ng/ml

10 -

o e
R
LA
G
R B R R K R R
L

L
(o

HHHHHHH N o |
IR RN n: |

I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:h.l.r}_i' 2
[

e

RRRRRRRAARARRARRRRR o2
=
RN e

001 002 012 o027
C. difficile ribotype

O
\I
o

106

Figure 6.4: Comparison between antigens ofGirlifficile ribotypes for stimulating
IL-8 production and LPS

The relationship between concentration of antigend cytokines production are
summarised in figures 6.4a, 6.4b and 6.4c. The lmsacentrations ofC. difficile
antigens effect on stimulating IL-8 remain lesantl20 ng/ml and did not go beyond

30ng/ml with 50ug of antigen.
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6.3.5 Interleukin 10:

Interleukin-10 has the highest production levelgeneral, and in particular was
extremely sensitive to SLPs from 027 ribotype (1083/ml). However, the flagellar
proteins from 027, 078 and 012 ribotypes were atlohver level for stimulation of
leukocytes to induce IL-10. Although LPS enhancegkbcytes to produce about
34ng, this was still lower than all th& difficile antigens except for LC and SLPs

from 001 ribotype (see Figure 6.5).
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Figure 6.5: Comparison between antigens ofGixlifficile ribotypes stimulating IL-
10 production and LPS

The study were compared the effect of the conceoraf C. difficile antigens on
production IL-10. The result were shown in figueSa, 6.5b and 6.5c. These figures
were illustrate that the 50ug of LC from 002 rimeystimulate IL-10 production by
more than 55ng/ml, although IL-10 was not deteetalbhen was used 5ug of LC

from 002 and 001 ribotypes.
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Figure 6.5a: IL-10 production by LC from six ribgigs
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6.3.6 Interleukin 12

Figure 6.6 shows that the flagellar protein antidemm ribotype 106 clearly
appeared to be the best at enhancing IL-12 pramhycfollowed by ribotype 078.
However, leukocytes were not sensitive to SLPspfoducing IL-12. On the other

hand, the highest influence of LPS was on IL-12etémn, at 43.3 ng (Figure 6.6).
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Figure 6.6: Comparison between €ixdifficile ribotypes antigens stimulating IL-12
production and LPS

As for other interleukins the greatest stimulatiwsas due to exposure to 50ug of
antigens. However, the 5ug of SLPs from 001, 002, &d 078 ribotypes and also
LPS were unable to enhance leukocytes to produtsztddle amount of IL-12. As

well flagellar proteins from 027 ribotype (see figs 6.6a, 6.6b and 6.6¢).
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6.3.7 TNF-a:

Figure 6.7 illustrates the elevated effect of fligeprotein antigens from 106, 078,
001, 012 and 027 ribotypes on leukocytes to geadriif--a, but the LC remains at
a steady level for virtually all ribotypes, and SL$hows the lowest value, while LPS

exceeds LC and SLPs at stimulating leukocytesdadysre TNFe.

TNF response to different concentrations of ansgbave been similar to other

interleukins, which gave the highest concentratutren exposed to 50ug of antigen

(see figures 6.7a, 6.7b and 6.7c¢).
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To sum up, ribotype 027 and SLPs influence on ILpi@duction reached a peak of
109 ng/ml. Ribotypes 027, 078 and 012 and flaggltateins induced over 60 ng/mi
in IL-10, and TNFe production by ribotype 106 and flagellar proteinexcess of
60 ng/ml. However, SLPs from 012 and 106 ribotypesy moderately induced
cytokine production. The LPS control antigen ddega'beyondC. difficile antigens
in terms of enhancing leukocytes except with SLR$ 2C in IL-12 secretion. The
maximum cytokine secretion occurred with IL-10 w&hPs and crude flagellar from
027 ribotype. The optimum concentration of PMA uses 50 ng, and the highest

cytokine levels induced by using 25 pg and 50 pgntigens.

6.4 Discussion:

This study was designed to investigate the immuatigity of three kinds of cell wall

molecules from six endemi€. difficile ribotypes. The immune activities were
assessed by in-vitro stimulation of human leukoeyi® produce cytokines after
being challenged with immunogenic molecules. Aerafit was also made to clarify
the role of these antigens in innate human immuratd to determine the hyper

immunogenic fragment from the three molecules uis¢ke study.

O'Brien et al. (2005) accepted that the SLPs from different tysipes were
heterogeneous. Sanchez-Hurtado and Poxton (2008)Vdnght et al. (2008)
suggested the role of SLPs in CBusiello et al. (2006) suspected th&t difficile
infections interrupt the inflammatory and regulgtoytokine stability, as it enhances

the production of high volumes of ILl3land IL-6 as well as IL-10 combined with
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IL-12p70, and proposed that there is an opportuimtymulti-component vaccines,
including SLPs, for protection against CDI. Spigagt al. (2011) suggested that the
SLPs fromC. difficile 027 and 001 ribotypes give these ribotypes adgastan the

pathogenesis of CDI. Noticeably, this study showed the SLPs from 027 ribotype

produced a much more elevated level of IL-10 th&h wather ribotypes.

However, Biancat al.’s (2011) study used SLPs frot difficile with 027, 001 and
012 ribotypes and evaluated the immunogenicityepast by exposing SLPs to
monocytes in order to produce I3;11L-6 and IL-10. They supposed that the SLPs
would stimulate the monocytes to discharge higmtjties of IL-10, which indicates
the role of SLPs in host immunity agaigstdifficile. But they recommended that the
SLPs were not implicated in the rising severityndéction by hypervirulent endemic
strains, because they discovered that the immunogeativity of SLPs extracted
from the hypervirulent epidemi€. difficile strain has a similar action to non-

hypervirulent strains.

The common points were the contribution of SLPgh® human innate immune
response and that SLPs stimulate immune cellsadyae IL-10 in abundance; these
results indicated the effectiveness of SLPs onpiteeinflammatory and regulatory
immune response. However, the hypotheses that yipe of SLPs affects the
aggressiveness of hypervirulent ribotypes requiiwsher investigation. Many
factors may have caused this variation in the tesaflthe study; they could be due

to the variation in the concentration of the SLIRg #MA used in the study, the
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purity of the SLPs and the time of exposure to dh&gen, the leukocyte type or

anything else that had not been noticed.

Ramoset al. (2004) indicated that flagellin plays a role inicrobial motility,
adherence and pathogenicity. Tastestral. (2001) studied the sticking activities of
crude flagellin from pathogentiC. difficile on sterilised faecal tissue of mice, as well
as the activity of flagellated strains. They re@atdhat adhesion was elevated ten
times higher in flagellated isolates than straintheut flagella.C. difficile flagellar
proteins in this study showed high stimulation with10, TNF-< and IL-6. The

flagellar proteins from 027 ribotype gave the gesaperformance.

In 1981, Poxton and Cartmill purified two typesaal wall carbohydrates fror@.
difficile; they suggested immunogenic activity for both moles and noted a
symmetry of wall and membrane teichoic acid. Sandihertado and Poxton (2008)
studied the effect of lipocarbohydrate on enhandire cytotoxicity of suboptimal
levels of toxin A. Their results showed notable im@ment in the activity on Caco2
and Vero cells, which suggested that LC has a emhgreffect on toxin A activity.
Claeset al. (2011) pointed out that the lipoteichoic acidmatiatory activity in the
bowel immune response was not elevated. In thesareh, lipocarbohydrate does not
show a high effect on immune enhancement in termsterleukin production

except on IL-10 and IL-6, with moderate achievement

Interleukins 10 production was highly sensitive thee three antigens, and was

stimulated more than the other interleukins in tigdy. Lin and Karin, (2007)
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claimed that the IL-10 was recognised as beinggala¢ory interleukin, which has
considerably divergent action compared to pro-mfizatory interleukins such as IL-
6 and TNFe. The decrease in the pro-inflammatory cytokineeleand the lower
level of IL-18 for all three antigens may indicate the microbrdection strategy
illustrated by symptoms, as ILBlwas being responsible for inflammation, pain and
hypersensitivity (Pescet al., 2011). In general, the elevated level of IL-19 b
flagellar proteins and SLPs of 027 ribotype maypsup the hypothesis regarding

aggressiveness, as 027 ribotype has a link to rhwpdence.

To recap, the SLPs and flagellar proteins from @edifficile cell wall were
immunogenically active molecules, which subvert thegulatory and pro-
inflammatory cytokines, and both were involvedhe tost innate immune response.
The contribution of these iB. difficile infection is suspected, thus the involvement
of these proteins in vaccines is acceptable. Ale toded genes may have a role in
the probiotic effect of non-pathogenic bacteriahsasLactobacillus spp Although
027 ribotype, SLPs and flagellar antigens were shtmaelevate IL-10 production by
human leukocytes, the hypothesis concerning thesrwyplent ribotype characters
being responsible alone for the virulence requinFarinvestigation before it can be

determined conclusively.

159



CHAPTER VII CONCLUSIONS
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This chapter summarises the conclusions that cardrben from the studies
conducted for this thesis, and proposes points toald usefully be expanded

through further study on these subjects.

As mentioned at the end of Chapter I, four mainsamere being investigated:

1. To determine the distribution ofC. difficile ribotypes by capillary gel
electrophoresis and distinguish the predominaityjtes.

2. To estimate the antibiotic susceptibility in theasts isolated above to six
antibiotics (ampicillin, erythromycin, tetracyclinenetronidazole, moxifloxacin
and vancomycin) and detect the MICs for these sixbmtics against theC.
difficile isolates.

3. To determine the hypothesis of the immunogenicftpan-toxin antigens o€.
difficile cell protein: SLPs, lipocarbohydrate (LC) andyéfiar proteins.

4. To verify the hypothesis that the SLPs, LC andydliar proteins fromC.
difficile are involved in the host innate immune responselave a role in the

virulence of the hypervirulent ribotype during tnéction.

In the results chapter these were explained extelysand the answers achieved

were explained.
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Prevalence susceptibility of C. difficileribotypes:

Determining the prevalence susceptibility ©f difficile was complicated due to
many factors being involved; some were related i@ host and others to the
aetiologic agents, and in addition the healthcaowider carried a percentage of the

responsibility.

The healthcare establishment is responsible forctralition of the community’'s
health, and its strategies offer protection for kmadh. It is predominantly the elderly
and compromised individuals who are the victims G, either in the wider
community or hospitalised individuals. Consequentipfection control and
preventive medicine must play a significant rolgrotecting people. The continuous
investigation of aetiologic agents suchGglifficile is required to predict outbreaks,
along with developing the methodology to obtainthitful results. Thus, novel
methods of ribotyping, such as Capillary Gel Eleghroresis Sequencing PCR, have
been developed; this is one of the recommendednitpebs to determine the
epidemic strains as it is of a high quality andygaswork with, requires only a short
time for investigation and standard data can beéributed from an easily obtainable

website (Indraet al., 2011).

Elderly people and compromised individuals werertigest frequent group of people
to be infected byC. difficile; this group is the most likely to be hospitalisaad
consequently to face nosocomial infection. Prewenbegins by hand washing and

isolation in hospital, and as tlg difficile ecology is wide and the spores survive
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many harsh conditions, an effective disinfectanteisommended to clean surfaces
and linens in hospitals, along with other infectioontrol precautions which it is

essential to pursue.

Efficiency of symptomatic CDI patients in producing specific antibodies to

immunogenic molecules of C. difficile:

There has previously been a debate on whether tocases of CDI have had the
ability to create specific antibodies @ difficile antigens. The ELISA results in this
study indicated there were a variety of antibodgrdities in the investigated serum

samples without a minimum stage.

There was no significant variation in antibody leveor LC and flagellar proteins
between symptomatic and non-symptomatic cases.coheol SLPs antigens from
027 ribotype had a slightly higher response in sgmgatic cases, but the donor-
sampled antibody levels were much lower comparedther groups in the study,

which was unexpected.

The response which was not clarified was the aaregponse, which had almost the
same symptomatic level without developing symptoihsvas suggested that the
carrier response was faster than the symptoms ajga@| or that they had recurrent
infections, meaning their immune memory of the samggens was still at a high

level; alternatively there may have been some patefactors not mentioned.
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However, it should be recognised that the studyneséd systemic antibodies, while

the mucosal antibody levels were more pertinedieteeloping symptoms.

Influence of C. difficile cell wall moleculesin immune response:

C. difficile toxins were the most effective factors in creasggiptoms, but the other
cell wall molecules supported the cytotoxicity atfeThese cell wall and flagellar
components could have disrupted the immune systdnte withe invasion was
underway, as well as being involved in the aetimagherence to epithelial cells.

Therefore these may have a role in the immune respo

The study outcome indicated the elevated respoesel Ito SLPs antigens of
hypervirulent ribotype 027. On the other hand, thikuence of SLPs from 027
ribotype on leukocytes in enhancing cytokine praiducshows an increased IL-10
level, which has an anti-inflammation influenceiasuppresses pro-inflammatory
cytokines and delays symptoms. This may explainvthdence of the ribotypes, as
well as the effectiveness of possible vaccinesr¢éwgnt infection. The other point is
the role of this antigen in the probiotic method @DI prevention. The

lipocarbohydrate proteins and flagellar proteidasirate similar effects on IL-10

production.

To recap, elderly and compromised people are noallesiged by multi-resistant

aetiologic agents which causes CDI and these spegadly worldwide; it also has a

complicated set of multiple effects. This organismy have increased virulence
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when faced with a challenging ecology, and emplaysomplicated strategy to
invade the host cells. The study aim was to gainwamnview of the prevalence Q&

difficile ribotypes in surgical patients and environmentsd & determine the
changing nature of antibiotic susceptibility. Indawn it was hoped to detect the
systemic immune responses to cell wall moleculepatients and donors, and to

determine the influence of the immunogenic molexole human innate immunity.
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