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Abstract

The incidence of neonatal infections causedEbyerobacteriaceadas been increasing

in recent years, and they are now recognised as the predominant causative agents in
neonatal intensive care unit (NICU) outbreakkebsiellaspp. andSerratiaspp. arelie

most common causative pathogeandE. coliis one of the leading causes of neonatal
meningitis and sepsis. The infant intestinal flora is influenced by the feeding regime.
This study focuses on assessing the risk to neonates from the ingestion of
the Enterobacteriaceaesuch as;Enterobacter hormaecheiEnterobacter ludwigii,
EnterobactemerogeneskEnterobactercloacaeandKlebsiella oxytocaThe strains under
studywereisolated from two sources; ham mastic breast milk (MBM) andeonatal
nasogatsic enteral feeding tubes (EFT).

The overall aimwas to evaluate the risk to neonates posed by the ingestion of these

organisms either from contaminateaastmilk or from infant formula.

Due to the lackof adequate source information,wias necessarto first confirm the

identity of the strains under investigation. This was achieved using standard biochemical
profiles (phenotyping) and where necessary 16S rDNA sequence analysis. Setondly
was necessary to determine whether all strains were uniqifeaoy were multiple
isolations of the same strain. This was achieved using Rhls&tl Gel Electrophoresis
(PFGE). To determine the potential exposure of neonates to these organisms, a range of
physiological and virulence related assays were undertdiest tolerance to 55°C,

biofilm formation, capsule formation araidic pH survival (pH 3.5)

The potential virulence of the strains was assessed using attaghwasion assays of
human Cace intestinal cellshuman brain microvascular endothelial c§i$BMEC)

and rat brain capillary endothelial cell line (rBCECdndalsopersistence dbacteria in
macrophages by using937 cells. Patterns of adherence @&nterobacteriaceado
Caco2 cells was investigatedlhe presence ofhe virulence factors of strainsas
determined by identifying haemolytic activity, serum resistance, siderophore production

and antimicrobial susceptibility. The irauptakegenes were also investigated.



The results by PFGE showed thatonatal enteral feeding tubes and mastic
human breast milk were contaminated by twemig and three pulsotypes of
Enterobacteriaceaerespectively Furthermorethe same pulsotypewerespread among
enteral feeding tubes of infants in the same NIGkdicating the same orignsuch as:
environnent, milk or carer. Similarlythe MBM strainswere isolated from the same
mother.The identification of strains by usiriS rDNA sequence analysgefiotyping
was more accurate than phenotyping (API techalicandthe clusteringof strainsby

PFGE is a suitable technique for strains relatedness.

The ghysiological features ofhe strains inthe current study werenvestigated The

ability of strains to survig at 58C was studied and most tifie strains wereable to
survive at55°C for >30 minutes. Biofilm formation was investigated as this may be a
factor of organism persistence in the neonatal intensive care uaitnilk, environment

or worker$ and attachment to enteral feeding tubes. All strains fobioddims and this

was, in general, enhanced at 37°C compared with room temperature (20°C) in all types
of formula. The highest levels of biofilm were in caskased infant formal. Most
strains produced capsularaterial at 37°@n all types of formulaHowever,capsular
material was prodwa by all strains in soya infant formula. All strainere able to

survive at pH 3.%or up to 2 hours

All strains were able to attacb Cace2, HBMEC and rBCEC4 cells linesvhile there
was variation betweestrainsability to invade mammalian cells. In particular, most of
Ent. hormaechestrains were able to invadée three types of cells lines and one
Ent. ludwigii strain 1439 was only able to invatiee rBCEC4 cell line.Ent. ludwigii
strain 1439 was isolated froencase of neonatal meningitis. Three out of eight strains of
Ent. hormaecheand two strains oEnt. cloacaestrainssurvived within macrophage
Haemolysin production, serum resistance and siderophore production westudisd

and all strains were positive.

Genes encoding for ironptakeirpl, irp2 and fyuA were detected wheasirpl, irp2
genes were absent in all strains wiyleAwas present in 4/6 d@nt. ludwigiistrains, 1/8

of Ent. hormaecheiR of Ent. cloacael of Ent. aerogeneand 3/6 ofK. oxytoca Three



out of eight strains oEnt. hormaecheshowedresistance to even th&® generation
cephalosporins, ceftazidime and cefotaxime and were H#Bltive
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1.1 INTRODUCTION

The Enterobacteriaceaes a family of Grarmegative bacilli, some of which are motile,

and have capsules. Most species are facultative anaerobic, emelpsere and
catalasepositive rods. The Enterobacteriaceaewhich most commonly produce
extendees p e c t -lactamasds (HHE.s) areKlebsiella pneumoniaeand Escherichia

coli (Romeroet al, 2007). Some members are found in soil, water, plants and animals.
The Enterobacteriaceagroup is comprised ofmore than 100 species of bacteria that
normally inhabit the intestines of hams and animals. Marnterobacteriaceaspecies

are | actose fermenting and are commonly
produced by some pathogenic strains, whereas others produce enterotoxins which affect
the intestinal tract, causing diarrhcaad body fluid loss. Somenterobacteriaceaé.e.

K. pneumoniae are able to cause pneumonia and urinary tract infections. Wound
infections and other nosocomial (hospital acquired) infections are caused by
EnterobacteriaceaeThey are also recognized asmajor cause of bacteraemia and

meningitis.

In recent years, the incidence of neonatal infections démterobacteriaceabas been
increasing and they are now recognised as the predominant causative agents of infection
in neonatal intensive care unit (NICU) outbreaks (Gastnetiat, 2007; McGuireet al.,

2004 Kaufmanet al, 2004). The most common neondtalterobacteriaeaepathogens
reported areKlebsiella spp. andSerratia spp.; 23.4% and 13.8% cases respectively
(Gastmeieret al, 2007). There are also other pathogenic species which, alttioegh
occur less frequently, hawehigh severity following infection. Forxample, pathogenic
strains oft. coliare a leading cause of neonatal meningitis and sepsis€6#b|l2005),

and Cronobactersakazakiican cause necrotizing enterocolitis and meningitis. Neonates
may be particularly prone to Gram negative infectioa. Enterobacteriacegeas their

innate immune cells have lower responses to lipopolysaccharide (LPS), the outer portion
of the bacterial cell wall (Townseret al, 2007). However, Nanthakumat al. (2000)
reported thathe human colonic carcinoma epiliaé (Cace2) cells secrete less IL8
(LPS, 8fold; IL-1b, 20-fold) than fetal cells after inflammatory stimulation.
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1.2 Impact of Enterobacteriacea®n neonates

Enterobacteriacea@re the most common opportunistic pathogens particul&rlyoli,
Enterobacterspp, Klebsiellaspp.,Serratiaspp., andSalmonella Theyare significantly
implicated with morbidity and mortalitgFriedlandet al, 2003; Adamsort al, 2012)
Many different types of infémns @an be caused by these organissiech as sepsis,
brain meningitis, pneumonia, and urinary tract infections particularly in intensive care
units (ICWs) (Kollef et al, 1999 Ibrahim et al, 2000).Enterobacteriaceasuch ast.
coli, Klebsiella Proteus, Serratiaand Citrobacter spp. are able to cause nosocomial
infections. Most of these strains are members of normal flora suEh @si and Ent.
cloacag and probablycause infections through selection following an empiric
antimicrobial regimdlversenet al, 2004g; Stoll et al, 2005) The most common human
diseasesvhich are causelly a family ofEnterobacteriaceaare presented in Table 1.1
(Liu et al, 2012; Podschun and Ulimann, 1998; Pazleawil, 2005; Fraser and Arnett,
2006; Chaudhret al, 2007; Hammerum and Hey@009; BistJohnsoret al, 2011).

Table 1.1: Most common specidsnterobaceriaceaeausing clinical infectious disease.

Clinical species Clinical Infection Presentation
Pneumonia, meningttis, septicaemia, wound
urinary tract infections

Pneumonia, septicaemia, wound and uring
tract infections

Diarrhoea, meningitis, septicaemia and urin
tract infections

Pneumonia, septicaemia and urinary trad

Cit. freundii

Ent. aerogenes, Ent. cloacae

E. coli

K.oxytoca, K. pneumoniae

infections
Mo. morganii Septicaemia and urinary tract infections
Pl. shigelloides Diarrhoea and septicaemia
Pr. rettgeri, Pr. stuartii Urinary tract infections

Diarrhoea, typhoid fever, septicaemia,
osteomyelitis and urinary tract infections
s Pneumonia, septicaemia, wound and uring
tract infections
Sh. sonnei, Sh. flexneri Diarrhoea

Sal. enteritica

Se. marcescens, Se. liqguefacien

Y. pestis, Y. enterocolitica Diarrhoea, septicaemia plague and enteri

1.3 Enterobacterspp. as a cause of neonatal infection

The Enterobactergenus belongs to the family &nterobacteriaceaand are known as

facultative anaerobic Gramegative strains. This genase saprophytic bacteria which

3
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are widely encountedein nature,such asin soil and sewage andare commensal
in the enteric flora in the human gastrointestinal tract (Mazmrart et al, 2008

Quintanilhaet al., 2007). There ar&4 known species dEnteobacter, some of these
have been implicated as causes of diseases in humans anddbe commonly
encounteredspecies areEnt. aerogenes Ent. cloacag Ent. agglomerans and

C. sakazaki(Andreseret al, 1994; Burcharet al, 1986; Chowet al, 1991; Gallagher
1990; Gaston 1988; Hadday al, 1991; Hawkin®t al, 1991 Stenhouset al,, 1992).

Ent. aerogeneandEnt. cloacaeare considerethe most frequently encountered human
pathogensvithin the genu€nterobacterfAndresengt al, 1994; Burcharet al, 1986;
Haddyet al, 1991; Burcharet al, 1994; Karnacket al, 1987 Weischer and Kolmos,
1992). The major nosocomial pathogens often found in intensive care settings are
Enterobacterspecies. From 1976 to 1989 in tdeited Stées of AmericgUSA), the
National Nosocomial Infections Surveillance SystefNNIS) reported data on
nosocomial bacteremia. In 2008 the National Healthcare Safety Network refiated
Enterobacteispp. accounted for approximately 5% of nosocomial bacteremia cases,
between 1995 and 2003, study byWisplinghoff et al (2004)from different states in

USA demonstrated the most commonly isolated hosocomial pathogens with a higher rate
in intensive care unitvards was Enterobacterspecies(Wisplinghoff et al, 2004).
Previous studies by Dijk et al. (2002) and van den Bergf al. (2000) reported that
neonatal intensive care units (NICUsveoutbreaks oEnterobacterspp.

1.3.1 Ent. cloacae

Ent. cloacaeare members of the genksterobacter As otherEnterobacteriacagthey
aresaprophytic microorganissof the normal digestive flora in humans and theemost
commonly isolated clinical species (Thonesal, 1993 Wanget al, 1991).Recently,
six species have bearlassifiedin theEnt. cloacaecomplex including Ent. cloacae
Ent. asburiag Ent. hormaecheiEnt. kobej Ent. ludwigiiand Ent. nimipressuralisThe
biochemical and molecular studies Bn cloacaehave shown genomic heterogeneity,
comprising six speciesSpecies of th&nt. cloacaecomplex are widely encountered in

nature, but they can act as pathogénszzatestat al, 2012)
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Ent. cloacaehas emerged as an alarming pathogen for healthcare institutions gltibally.
accounts for up to 5% of hospHatquired sepsis, 5% of nosocomial pneumonias,
4% of nosocomial urinary tract infections and 10% of postsurgical peritonitis cases
(Paauwet al, 2008a and Hoffmann and Roggenkangf)03) In different clinical
settings including neonataNICUs, outbreaks due to exogenoklast. cloacaenfection
havebeen reported. In 1998, van Niereipal reported an outbreak &nt. cloacaan a
NICUs that caused nine deathslso, Kuboyamaet al. (2003) reportedcan overall 34%
mortality rate associated witBnt. cloacaein unrecognized outbreaks in NICDhis
bacterium was possibly transmitted to neonates by contaminated intravenous fluids,

whole parenteral nutrition solutions and medical equipment.

The healthcare workers may play a role in ctoassmission of many singldone
outbreaks anthpatients may also act as a reservoir (Dakseal., 2008). In hospitalized
neonatesEnt. cloacaecan cause a range of infections such as urinary tract infection,
bloodstream infection, pneumonia and bronchopulmonary dysplasia (Gragtaed,
1994 Modi et al, 1987). Enterobacteriaceaéhas been isolated from powder infant
formula (PIF) such asEnt cloacae K. pneumoniaeK. oxytoca Ent. hormaecheiCit.
freundii, andE. coli (Muytjenset al, 1988 Townsencet al, 2008a).

Only a few of the studies have reported enteral feeding tubes (EFa)site ofthe
bacterial colonisations. Bacteriebntamination of the EFT with1&°cfu/ml in 71/125
EFTs was reported by Mehakt al (2002a) from infantover four monthsof age
Staphylococcus epidermidi&. aureus Enterococcus faecalisEnt. cloacae and K.
pneumoniaeveredetected in theistudy. They also showed that seven infahder than
four monthswho were fed with tubes containing >1€fu/ml developed necrotizing
enterocolitis. Their study also identifieghethicillin-resistant Staphylococcus aureus
(MRSA) contamination inhe EFT (Mehallet al, 2002b).

1.3.2 Ent. hormaechei

Ent. hormaecheis a Gramnegative rod in theEnt. cloacaecomplex, and is most
frequently isolated from clinical sources (Townsestdal, 2008a). The species have

been defined within th&nt. cloacaecomplex viadeoxyribonucleic aciqDNA) cross
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hybridization, naming three new subspecie&f. hormaecheiEnt hormaechesubsp.
steigerwaltj Ent. hormaechesubsp.hormaecheiand Ent. hormaechesubsp.oharae
(Hoffmannet al, 2005a).

Using biochemical identificatiori.nt. hormaechestrains are catalase positive, oxidase
anddeoxyribonucleas€DNasg negativeand fermentative.Ent. hormaecheiorm non
pigmented colonies after 18 to 2dursat 15 to 42°C, with an optimuror growth at

36°C, on all norselective media, such as Colombia agar with 5% sheep blood, chocolate
agar, tryptic soy agar (TSAluria-Bertani agar (LBA), and brain heart infusion agar, as
well as on semselective media such as MacConkey and ENDO agar (Hoffmann and

Roggenkamp2003).

Ent. hormaecheis the most commonly isolated nosocomial pathogen (Pasual,
2008a).lt has ber a cause of septicaemia in an outbreak occurring iNKXJs in five
hospitals in Brazil, and due to contamination of parental nutrition solutions which all
originated from the same manufactur€atposet al, 2007). Ciprofloxacin resistance
was closelyassociated with the prior use of fluoroquinolones and bspadtrum

cephalosporin ifcnterobacteispecies isolates causing bacteremia (Ketray., 2005).

A previous study conducted kiyhe Posidoctoral researcher Dr Stacy Townsend at
Nottingham Trent Uwversity (NTU) identified Ent. horma&chei from isolatesreceived

from a United States (US) hospital that had been misidentfied 6 Cr onobact er 6
Further analysis,with Pulsed Field Gel Electrophoresi®FGE and 16S rDNA
sequencing revealed that the strains were clonal and were from an NICU outbreak which

the hospital had not detectéfownsendet al, 2008a). Hengahe hospital had not only

failed recognigng that they had an outbreak, but had also misifiedtthe organisms.

Muytjens et al (1988) identified Cronobacter strains from PIFusing biochemical
profiling. However by using 16S rDNA sequence analysis some of the strains were
reidentified asEnt. hormaecheiThis organism has been reported to be resistant to
quinolone highlighting the difficulty of treatment (Townsegidal, 2008a). The study of
this organism is significant in the clinical setting as it is difficult to treat and identify.

Enterobacteriaceaesolates identified fronEFT from the NottinghamQueen's Medical
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Centre (QMC) and Nottingham City HospifAlCH) includedEnt. hormaeche{Hurrell
et al, 2009b). Many of these strains were resistant to rﬂ’@ﬁeration cephalosporins,
ceftazidime and cefotaxime, and ESBLs were detected. This demonstrates that neonates

are directly exposed to antibiotic resistant strains in NICUs during feeding.

Comparative bacterial thermal death rates Eofterobacteriaceaerevealed that an
Ent. hormaechestrain isolated from a neonatal enteral feeding tube was more heat
resistant thabal. seftenbergrhis latter organism is recognised as the most heat resistant
Enterobacteriacea@nd its detection is usday industry to esure their heat treatment
processes are efficient (Forsythe, 2009). This showsHihtathormaechehas a greater
chance of surviving during the reconstitution of infant formula than other organisms, and

that preparation may need to be modified to takeittio account.

1.3.3 Ent. aerogenes

Ent. aerogeness knownas part of the normal flora of the human gastrointestinal tract
that is in most cases endogenously acquired (Flghnal, 1987). In addition,

Ent. aerogeness an opportunistic colonizing pathogen which can cause infection in
hospitalized patients (Sanders and Sanders, 1997). This organism is one of the more
commonly describedsram-negative bacteria caus®f nosocomial respiratory tract
infections (Arpinet al., 1996 Davin-Regli et al, 1996a). RecentlyEnt. aerogenes

has emerged as a significant hospital pathogen (de Chaingds 1991; Flynnet al,

1987; Mellencampet al, 1990 Meyerset al, 1988). Because of the widespread
prescription obroadspectrum antibiotics, especially extenggmbctrum cephalosporins,

Ent. aerogenebas emerged as a pathogen (Shlaes, 1993).

The presence of medical devices such as endotracheal tubes or central venous catheters
areassociated with multiresistaint. aerogeneswhich facilitate colonization (Chowet
al., 1991 Weinstein, 1986).

Ent. aerogenes has been associated with nosocomial infections during the last 5 years.
Severaloutbreaks linked with multiresistastrains ofEnt. aerogenebave been repted
in ICUsin France (Arpiret al, 1996; DavirRegli et al, 1996 a and;bGrattardet al,
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1995; Neuwirthet al, 1996), Belgium (De Gheldret al, 1997 Jalaluddinet al, 1998),
Austria (Allerbergeeet al,, 1996) and the United States (Georghatal., 1995).

Ent. aerogenespeciesare not commonly isolated in NIGUhowever, a previous study

by Gallagher (1990) reported that in a pediatric population during a 5 year period, 22
episodes of nosocomially acquirdehterobacterbacteria were identified17 were

Ent. cloacaethree wereéent. aerogeneand two wereEnt. agglomeransAnother study
alsoreported thaEnt. aerogenesvas isolatedn a NICU from the blood culture of a 5

day old neonate; and 12 more episodes were found 10 weeks later which caused

nosocomial outbreaks of septicemiaheNICU (Loiwal et al.,, 1999).

1.3.4 Ent. ludwigii

Ent. ludwigiiis a Gramnegative rod, belonging to tlenterobacteriaceaéamily, andis
motile, catalase positive, oxidase and DNase negative, fermentative, apdymamted.
Ent. ludwigii has the ability to ferment-@-methytD-gluco-pyranose and mymositol.

Ent. ludwigii has been reported to produce asBlclass 1 betlactamase rendering
resistance to ampicillin, amoxicillin plus clavulanic acid and cefoxitin in the disk
diffusion tests. In additionEnt. ludwigiiis susceptible to cefepime, trimethoprim plus
sulphamethoxazole, gentamicin, and resistaat piperacillin, piperacillin plus

tazobactam, cefoxitin, cefotaxime, ceftazidime (Hoffmanal, 2005b).

There have been few studies of this organism, possibly due to the lack of a reliable
identification scheme. However, during the second year ofptiojgct we received an
additional Ent. ludwigii strain (NTU1439) from Nottingham QMC hospital which had
been isolated from a case of neonatal meningitis. This strain was included in the project
as it reinforced the importance of evaluating the risk ofnatd infection byEnt.

ludwigii.

In previous studie€nt. ludwigiihas been isolated from various sources such as clinical
specimens (Hoffmanet al, 2005b), and from plants (Shoebétr al.2009). Delgado

et al (2008) isolatedEnt. ludwigiifrom human milk. However, as will be reported here,
it was originally identified asK. oxytocausing classical tests. By using 16S rDNA

sequence analysis, the Delgaglooxytocaisolateswere reidentified agnt. ludwigii at

8
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NTU. By coincidenceNTU alrealy had anEnt. ludwigii strain in its collection which
was initially identified asCronobacter;this strain isolated from a case of neonatal

meningitis inNottinghamQMC hospital.
1.4 Klebsiellaspp. as a cause of neonatal infection

The most commonly isolated members dhe genus Klebsiella (family
EnterobacteriacegeareK. pneumonia@andK. oxytocawhich consisbf Gramnegative
nonmotile, encapsulated rods (Greetnal, 2009), and theolonies ofKlebsiellahave a
characteristic mucoid appearance because they produce polysaccharide capsules
(Podschun and Ullimann, 199&lebsiella spp. are opportunistic pathogens that can
cause a variety of illnesses including pneumonia, urinary tract infections, septicaemia,
softtissue, intravenous, meningitis, liver abscess, and gastrointestinal disease common in

immunocompromised or those with underlying conditions (Getexh, 2009).

To cause infection, microorganisms must adhere to the mucosal surfaces in order to
reach hostells and can use surface appendages to achiey@tdschun and Ullmann,
1998).Klebsiellais abundant in the environment (e.g., soil and water) but can also be
isolated from skin, mucous membranes, and the intestines of humans and animals
(Podschun ah Ullmann, 1998). In a study of bacterial colonisation in a NICU, there was

a higher risk of the acquisition dflebsiella spp, and Enterobacterspp, in infants
receiving antibiotics for more than 3 days and associated with an increased duration of
NICU stay.Klebsiellaspp. is recognised to survive on the skin and is more resistant to
desiccation than oth&nterobacteriaceaéGastmeieket al., 2007).

1.5 Influence of the existing gut microbiome on neonates health

Colonization of the human gut with microbes begins during birth by microbes from the
environment. In the first few hours of life, usually the most important source of
i noculum is the motherdés vagiaall200@amd f ec a
Vaishampayaret al, 2010). However, some data reported that infants delivered by C
sectiondelivered have lower gut microbial richness and variety at 4 months of age,
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compared to vaginally delivered infants (Azedal, 2013). The great furiohal and
phylogenetic difference observed between infant gut microbiomes possibly because of
random colonization happenings, variances in immune responses to the colonizing
microbes, alterations in host behaviour, or other features of host lifeBgllee( et al,

2007; Dethlefseet al, 2006)

The previous studies report that the microbiome is implicated in human health
(Turnbaughet al, 2007). Gut microbiotas can contribute to excess host adiposity
(Turnbaugh and Gordon 2009; Turnbawgghal, 200§, protect against the improvement

of type 1 diabetesWen et al, 2009, and induce colitis Garrettet al, 2003 and
metabolic syndromeStockman 2012). Hence, the microbiota has been proposed as a
target for therapeutic intervention for numerous chrdmeasesTurnbaughet al, 2007,
Zaneveldet al, 2009.

The microbiotas of adult are assumed to be relatively stable over time which imparts
resilience to disturbance, confirming continued gut functibarfbaugh and Gordon
2009; Ley et al, 2006;Dethlefsenet al, 2008). In contrast, ithe infant (fullterm 25

years old) the chaotic shifts in the microbiome are affected with life evanth, as
drastic diet changes or antibiotic treatments, which result in large changes in the relative
large quantig of taxonomic groupsMoreover, they found thdahe 2.5 years old human

gut microbiome has several of the functional features of the adult microbikoeaif et

al., 2010)

1.6 Potential sources of infection to neonate in NICU

Neonates characteriseuaique and highly exposed patient population. Improvements in
medical technology that have occurred over the last few decades have developed the
survival and quality of life for neonates, particularly those infants born with extreme
prematurity or with cogenital defects. However, infants hospitalized in the NICU can

be exposed and acquire health eassociated infections from both human and inanimate
sourceqBrady, 2005) Evidence supporting each of these ways is given below (Figure
1.1):

10
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Persons Environments

Sources

Using same objects
(ie. gloves or

Conta ) £ th Contamination of the | .

ho’:idm?)t::m o le object by blood excreta || Air sneezing or coughing ]| Water for drinking and Contamination of the "Milk kitchen" - a
ands of the personnel of oihier ods fiid | personal hygiene in NICT dedicated room for preparation of milk
thermometer..etc.)

Enteral feeding 1
tubes are loci for PIF: not a sterile product
colonisation by 1

between neonates bacteria 1

———————————————————————————————————
H Contact of the neonates with contaminated hands, objects, air, water, food, ...etc H-

Figure 1.1: Sources of transmission of bacteria within a NICU setting.

Contamination of the human milk
with bacteria on human skin and its
transfer via breast pump

Transmission

1.6.1 Bacterial exposureof neonates humarbreast milk

Nutrition is necessary to the health and growth of infants and children. Breastfeeding is
the best nutritional choice for infants, seqor to infant formula feeding,sabreast milk
possesses immune factors that efifective for long term protection against infections,
diseases and influences metabolism later in I@eldy, 2001) In the NICU, most
mothers are providing their breast milk to feed their premature infMusales and
Schanler 2007).However,breast milk has been recognized as the source of numerous
bacterial infections in neonatéQutaishatet al, 2003 Revathiet al, 1995), including
SalmonellalAnonymous, 1978Ryderet al, 1977). Several clinicians request bacterial
cultures of milk fromthe mother for screening before allowing the milk to be fed to
neonates (Nt al, 2004). A previousn-vitro study by Lenatiet al. (2008) found that
Cronobacterspp.was resistant téhe antimicrobial properties of breast milfor more

details seé&igure 111.

In the last few years, there have been many studies which have demonstrated that breast
milk is aprevalent source of bacteria to the infant gut andspdasole in the initiation

11
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and growth of gut microbioteStaphylococci,streptococci,lactococci,lactobacilli amwl
enterococci were isolated more frequently from this biological fluid in healthy women
(Heikkila et al, 2003;Martinet al., 2003).

Sometimes transmission of serious bacterial diseases to the neonate cahroogir
breast milk, for exampleSalmonella species (Qutaishaet al, 2003), group B
streptococcugKotiw et al, 2003), Listeria species (Svabi¥lahovic et al, 1988),
methicillin-resistantSt. aureugGastelumet al, 2005), andMycobacterium tuberculosis
(Pronczuket al, 2002) which is the most common species documented in cases of

infection by this routegFigurel.1

The repot by Widger et al (2010) states that three cases of lateset neonatal
septicaemia were investigated in their unit, including one that resulted in death, which
were more likely to be caused by contaminated expressed breast milk. Another report
demonstrated that the contamination of breast milk has been causirty fatagonates,

but these have been related to concurrent mastitis (Gasétlain 2005 Kotiw et al,

2003). Recent study byrbaniaket al (2014) informedhat Enterobacteriaceaevere
isolated from breast tissue of women with and without cancer in Canada and Ireland. The
women were not had any symptoms of infection, however the viable of bacteria was

confirmed in some samples by culture.

1.6.2 Bacterial exposureof neonates through pwdered infant formula

Recently,the Food and Agriculture Organization/World Health Organizat{BAO/
WHO, 2004 and 2006) have focused attentiarthe microbiological safety of PIF. The
considerable concerfor PIF was due to neonatal infectiottsough Cronobacterand
Salmonellathat were associated with contaminated PIF (CauB@laonet al, 2007
Iversenet al, 2008) PIF are not sterildhowever they comply withthe international
microbiological standards (Codex Alimentarius Commission 2008)hé&umiore, the
report by US Centers for Disease Control and Preve(@®&<C) report that in aNICU,

an outbreak ofC. sakazakiiinfection was associated with the use of powdered infant
formula CDC, 2002. The report also emphasised that infectimoughthis organism
often leads to afatal diseasehighlighting the significance of careful preparation,

handling and use of infant formula products in the health care sétiguye 1.1
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Many types of bacteria have been isolated from PIF and the most conmgamsms
isolated from PIF wereClostridium perfringens St. aureus Bacillus cereus and
Enterobacteriaceae(Forsythe, 2005).Enterobacteriaceaeincluding Ent. cloacae

K. pneumoniagK. oxytoca Ent. hormaecheiCit. freundii and E. coli have been
isolated from PIF (Muytjenst al, 1988 Townsencet al, 2008a). These organisms have
been categorised by the FAO/WHO (2004 and 2006) as category B which is 'causality
plausible, but not yet demonstrated’ with consideratioh their potential

to cause neonatal infectionsvia the ingestion of reconstituted PIFThough

these organisms are opportunistic pathogens, there was no evidence to confirm any
outbreaks in NICUs associated with their presence in contaminated PIF. The most
common organisms isolated from PIF wék perfringens St. aureusBacillus cereus
andEnteobacteriaceadForsythe, 2005).

There are approximately 2,0&rovarsof the Salmonellabacteriumthat can cause
disease in humanandsymptoms include diarrhoea, fever and vomiting which can cause
serious infection in infantsCfrawley and Westland2012) A previous study by
RodriguezUrrego et al (2010) in 2008 in Spain reported that 31 caseSamonella
infection in infants occurred because of infant formula contamination, and 10 of these

infants needed hospitalisation.

Powdered infant formula is made from pasteurized liquid and then spray dried. However,

it is more likely that, the contamination of formula ocaufrom the preparer or
preparation environment than from the manufacturing procedure (FAO/WHO 2004). The
previows study by Weir (2002) recommended thatNICUs, the preparation of PIF
should be carried out following the manuf.
clean and aseptic conditions irdasignatedrea. The FAO/WHO (2004) recommended

that reconstution of powdeed infant formula with water 20°C, decreasing the time

between econstitution and feeding (2 hourg, and not storing reconstituted feed at

ambient temperature could reduce the risk of bacterial infection.

1.6.3 Bacterial exposure through neoatal feeding tube

In NICUs, enteral feeding tubes are commonly used to feed infants who are unable to
swallow milk or formula. As per other medical inserting devi&dST have to be clean

13



Chapterl

and sterile.Recent studies at NTU in collaboration with lo¢dlCUs revealed that
organisns arepresent irEFT from neonates on nefiormula feeding regimes (Hurredk
al., 2009b). This indicates that neonate exposukertmobactermay notbe exclusively
through reconstituted formula, and that increased exposbicterial pathogens may be

linked to more general feeding practicégurel.1.

Hurrell et al. (2009a and b) studied 129 neonatal enteral feeding tubes from two local
NICUs. They found that irrespective of feeding regime, neonatal enteral feeding tubes
can act as loci for the bacterial attachment and multiplication of a wide range of
Enterobacteriaceae@nd hence revealed a potentially greater risk to neonatal health
than Cronobacter alone. The organisms frequently isolated included coli,

Ent. cancerogenus Ent. hormaechei K. pneumoniage K. oxytoca Raoutella spp.,

Se liquefaciens and S. marcescensAdditionally, Cronobacter spp. and Yersinia
enterocoliticawere recoveredAll S. marcescenstrains were resistant to amoxillin and

co-amoxiclav

Of additional importance was that a quarteEof. hormaechesolates were resistant to
the 3% generation cephalospos ceftazidime and cefotaximBuring the period ofhe
study,K. pneumonia@ndS. marcescensaused infections in the two NICUs and ESBL

were detected in two of these strains (Hurekl.,2009b).

Hurrell et al. (2009b) isolated bacteria froBFT used by infants on twblICUs. The
infants had received different feeding regimes: reconstitetedbreast milk, fortified
breast milk, ready to feed formula aadnixed feeding regime. A nil by mouth group
was selected as a control cohdfnterobacteriaceaavas isolated from 76% of the
enteral feeding tubes. The high&stterobacteriaceabiofilm was isolated from infants

fed reconstituted PIF; an average 4.2 dafu/tube. In fact, the PIF was reconstituted at
room temperare and not with water at >70, as recommended by FAO/WHO. Bee
bacteria could multiplywhile feedingon the formula during the time the tulveasin

place (48hourg and because, unlike breast milk, PIF contains no antibacterial agents.
The study found that the lowest levels of bacteria were obtained from the EFT of infants
fed breast milk 52%whereas the others ranged from 78 to 88% for mixed feeding

regime and reconstituted PIBacteria were obtained from the EFT of infants fed breast
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milk (maximum of 5.3 logcfu/tube) and infants that were nil by mouth had a maximum
value of 2.7 logpcfu/tube. The maximum value of breast milk was higher than the other
neonates in the group and may be due to the high near neutral gastric pH (6.0).
Enterobacteriaceaebiofiims were recovered from 81% of neonates fed with sterile
readyto-feed formula. It is thought that the bacteria may have originated from the throat

due togastroesophageal reflux.

In parallel studies, Hurrekt al. (2009a) showedn situ that bacteria can grow in the
nasogastric tubes to cell densities of t@lony forming units/tube within 8 h, and
10°cfu/tube within 24 burs It is plausible thain vivo the biofilm will both inoculate
subsequent routine feeds (ever® Bourg and as the biofilm ages, clumps of cells will
detach and survive passage through the o nat e 0 s Subsaquemiy ctHese
organisms will enter the stomach as a bolus with each feed.

A major conclusion of thistudy was that the microbiological safetyr@onatal feeds
should not exclusively focus on reconstituted infant formated Cronobacterspp., but

also on the general prap#ion and practices of enterfeeding to reduce the risk of
exposure to otheEnterobacteriaceassome of which may carry anidiic resistance
factors. Thereforghe practice of prolonged placementER T in neonates needs to be
considered with respect to the increased risk of exposure to bacterial pathogens. Hence,
biofilm formation onEFT is an important risk factor to consider with respect to neonatal
infections (Hurrellet al., 2009a and b). The sources of these potentially pathogenic

Enterobacteriaceaaeed to be evaluated.

1.6.4 Bacterial exposureof neonates healthcare workers orimmediate
environment

As Shown inFigurel.1, healthcare workers and patients are the most possible sources of
infectious agents and are also the most common susceptible Residents in NICU

can also become infected with health eassociated infections by horizontal
transmission of microorganisms spread through aerosol or contact (direct or indirect)
transmission. Despite at the present time, the enhanced safety of lvtohettp
administered in hospitals, the frequent use of blood products in the stabilization of

critically ill newborns allows for the potential transmission of bloodborne pathogens,
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currently identified and those yet to be identified (Yeager, 1974 andbbaylst al,
1987). Likewise, Transmission of infections on contaminated medical devices is also
potential and outbreaks of hospitalquired infections have been associated to devices
such as electronic thermometers, blood pressure cuffs, stethosetgegldves, masks,
neckties, pens, badges and lanyards, and white coats (WHO, 2009; eiraéke008;
Treakleet al, 2009).

Some studies have found that pathogens bacteria can be transmitted hafrhaspital

sources to patients through headdrewor ker sd hands. For i nst e
postoperativeSe. marcescenwound infections was refer to a contaminated jar of
exfoliant cream in a nurseds home. An i n\
transmitted to patients by the hands of tbese who wore artificial fingernails (Passaro

et al, 1997).Se. marcescengas transferred from contaminated soap to patients through
healthc ar e woker sdidl,a@2008)s ( Sartor

Multidrug-resistant bacteria cause a important ratio of hosp#isbciagd infections

(Hidron et al, 2008; Morgaret al, 2010). These organisms are generally transmitted

from patientto-patient in the healthcare system via transiently contaminated healthcare
workers, equipment, and the environment (Siegelal, 2007). An outbreak of
multidrugresistantAcinetobacter baumannii st rains from patients
hands, and the environment were identical (El Stedfad, 2004).

Healthcare waste is considered as a source of pathogenic microorganisms, that can
cau® contamination and give increase to infection. These microorganisms can be

transmitted by direct contact, in the air, or through a diversity of ve®ors{ s s, 199 9)

1.7 Commonly used infant formula

The World Health Organization (WHO, 2003) and health departments across the
developed and developing world recommend breastfeeding for feeding imfainésfirst
six months of life as the best feedingethod (Crawley and Westland, 2012nfant
formulasas breast milk substitutes are available for mothers who cannot or choose not to
breastfeed. However, infant formulas are artificial substitutdor breast milk having

inherent differences (Renfreet al, 2012) such ahe exact chemical makeup of breas
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A

milk is still unknown and cannot bmanufactured.Breast milk containamot her 6 s
antibodies and numerous other defensive factors. These mature factotisdromt her 6 s
immune system helhebaby 6s | mmature | mmune @Mmstem t
addition infant formula requires industriatorage and delivery systems with important

quality control problems. Furthermore, infant formula has no positive influence on
maternal hedh (Crawley and Westland, 2012hereas breast feeding leagele-long

impactonthemot her 6s heal t h.

The essential components of any infant milk, irrespective of the format (powder or
readyto feed), are proteins, fats, carbohydrates, vitamins and minerals. The major infant
formula manufacturers improve their own brandthva combination of each of these
components. The essential nutritional propertieshefmajority of infantformula are

very similar. Most nf ant f or mul a are based on-fatnodi f i
liquid or powder, or using whey protein contmtes) by addg lactose or other
carbohydrates, vegetable and other oils, vitamins and minerals (Crawley and Westland,
2012).

I nfant formula manufacturers have modifie
milks by adjusting the casein to whey ratrhich is similar to breast milk (40:60pfant

formula are suitable from birth which can be either ‘whaged' or 'caseibased' The
wheybased infant formula may also have a relatively poor mineral costetifically

sodium and potassium which arequired for newborn babies who have immature
kidneys.

In addition, wheybased infant formula are usually the first choice if a mother does not
breastfeed. While in casehbased infant formula the ratio of casein to whethessame

as cows' milk (80:20),aseinbased infant formula are normally used if the baby seems
not to be satisfied on a whey based product. Also, it can be helpful to delay the

introduction of solids before tirecommended age up to 4 to 6 months (Forsy2009).

Other infant formula are based on soy protein from soya beans vghittrtionally
similar to cows' milkformula Soya infant formulas formulated for infants who cannot

tolerate cowsnmilk because they havana | | er gy t o t Bmikpnd/ortarei ns i
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unable to digedhelactose in cows' milk. Usuallglucose syrups are used in soya infant
formulas asa source of carbohydrates. This type of formula is used by parents who wish
to feed their baby with a vegetarian product (Forsy2889). The compositions of based

infant formula are given in Tab(@&.2).
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Table 1.2: The compositions of based infant formula

Ingredients of based infant formula

Maijor nutrients

Whey protin concentrate
Galacto-oligosaccharids (GOS)

Fructo-olgosaccharids (FOS)

Nutrition Whey Casein Soya
Lactose Lactose Glucose syrup
Vegtable oils (contains soya lecituin) Vegtable oils Vegetable oils
skimmed mik skimmed mik _
Demineralised water water

Emuisifier (monoglycerides of fatty
acids and soya lecithin)

Emulsifier (soya lecithin)

Soya protein

Calcium hydroxide
Iron lactate
Calcium Phosphate
Potassium Citrate
Acid regulator (Citric acid)

Fish oil _ _
Gluconate _ _
Thiamin (B1) Thiamin (B1) Thiamin (B1)
L-carnitine L-cysteine L- carnitine
Niacin (B3) Niacin (B3) Niacin (B3)
Taurine Taurine Taurin
Biotin Biotin Biotin
Folic acid Folic acid Folic acid
Riboflavin (B2) Riboflavin (B2) Riboflavin (B2)
Vitamins Vitamin A Vitamin A Vitamin A
Vitamin B6 Vitamin B6 Vitamin B6
Vitamin B12 Vitamin B12 Vitamin B12
Vitamin C Vitamin C Vitamin C
Vitamin D3 Vitamin D Vitamin D3
Vitamin E Vitamin E Vitamin E
Vitamin K1 Vitamin K Vitamin K1
Pantothenic acid Pantothenic acid Pantothenic acid
Potassium Chloride Potassium chloride Potassium chloride
Copper Copper sulphate Copper sulphate
Magnesium Carbonate Magnesium Carbonate Magnesium hydrogen phosphatq
Zinc sulphate Zinc sulphate Zinc sulphate
Maganese sulphate Manganese sulphate Manganese sulphate
Choline chloride Choline Chloride Choline Chloride
Potassium iodide Potassium iodide Potassium iodide
Sodium selenite Sodium selenite Sodium selenite
Inositol Inositol Inositol
Cytidine -5-monophosphate Cytidine- 5°-monophosphate _
Guanosine -5"-monophosphate Guanosine-5"-monophosphate _
disodium salt disodium
. Uridine -5°-monophosphate disodiy Uridine -5'-monophosphate disodijm _
Minerals salt
Adenosmg —5.—m0nophosphate Adenosine -5"-monophosphate -
disodium salt
Inosine -5 —nnr;oap')thosphate disodit | sine -5"-monophosphate disodiuim -
Sodium Chloride Sodium bicarbonate _
Potassium hydroxide Potassium hydroxide _
Calcium Citrate Sodium citrate Sodium Citrate

Ferrous sulphate

Calcium Carbonate
Iron Sulphate
Calcium phosphate
Potassium citrate
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1.8 Conditions and concerns in the NICU

Premature babiemrethosebornbefore 37 weeks of gestation (or before the 37th week of
pregnancy). They are at risk for a variety of problems such as breathing, feeding
difficulties or both andinfections. Thus, they need special medical care that only exists

within NICUs or SpecialCare Nurseries (SCNsAKnerican Academy of Pediatrics
2014).Furthermore, for premature infants, feeding by mouth is not safe and sometimes

not possible because of neurological immaturity or respiratory problems. Milk in such
infants is usually givethrough a nasogastric feeding tube. Enteral feeding is generally
preferred over parenter al nutri spramote i n t h

endocrine adaptation and the maturation of bowel motility (McGatied.,2004).

The WHO guidelines for hygienic preparation of PIF plan to decrease the number of
bacteria in the reconstituted product by using hot watepreparatioranda short time
storagefor ary surviving organisms to growCpdex Alimentarius Commission, 2008).
However, a broader perspective is that neonates are frequently fed by using enteral
feeding tubes. These tubes are commonly placed for long periods of time (more than
several days) to decrease distress to the neonate by gag refiekesrid Forsythe,

2014).

However,Enterobacteriaceaean adhere to and colonize tubes at 37°C receiving fresh
feeds at regular intervals (Hurreket al 2009a). This is related to all neonates with
inserted nasogastric tubes, and not only for those who are receiving retec®it. In

fact, Enterobacteriaceaeéhave been isolated from nasogastric tubes from neonates
receivingbreast milk and other feeding regimes at a @atd0’ cfu/tube (Hurrellet al.
2009a).Thus, regardless of the type of feed the hygienic practices and avoidance of

temperature abuse are importantlvital (Holy and Forsythe, 201.

The recommendation for reconstitution of PIF with hot water (>70°C) byAl®\WHO

is not followed in all coutries (e.g. USA).To avoid the contamination problems when
dipping a thermometer into the reconstituted formula, the advitee UKis to usethe
water that has been boiled in a kettle and left to cool for 3@tesrWith consideration

of the differencen cooling curves depending on the vokiof water and kind of kettle,
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this is impractical for premature babies who only need small volumes of formula, and are

fed at 2-hourly intervals.

The PIF includes breast milk fortifiers which are added to cemgit the nutritional
value of breast milk. These products are not reconstituted with water and cannot be
exposed to heat treatment to Kill intrinsic bactedaly and Forsythe, 2G1.

Recently, specifidJK national guidelines (under consultation) on the prevention and
management of Grammegative sepsis in neonates were developed becawsallafU
outbreak in the UKWise, 2012).

1.9 Bacterial mechanisms ofpathogenicity

Pathogenic bacteria are able to causeadisein human hosts using a number of
mechanisms. Bacterial pathogens have numerous molecules that facilitate attachment to
host cell targetscausing a diversity of different host responses. The molecular
mechanisms through which bacteria can interact thighost can be unique to specific
pathogens or conserved across several different species. The identification and
characterisation of all these different strateggethe key to fightingbacterial disease

This study focuses omechanisms used bgathogenic bacteria to cause infectious
disease.

1.9.1 The interaction of bacteria with mammalian cells

The colonisation of intestinal bacteria on the surface of intestinal walls is one of the
basicways bacteria are able to interact with mammalian cells. Htestinal walls of
newborn babies are sterile, but are quickly colonised by bacteria entering the body with
food and from the environmenE. coli is one of the first microorganisms which
colonises the surface of intestinal walls of newborn baféieajekand Olejnik, 2004)
Nevertheless, the microorganisms on the host epithelium can be affected by diverse
factors for instance nutrition, antibiotic treatment, environmental exposure to
microorganisms, and microbial colonization in the neonatal pefiignidhorst and
Oscarson, 2009; Abraham and Medzhitov, 2011)
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The gastrointestinal tract also has innate defence mechanisms that act against microbial
survival aml dissemination inside the ho$ty washing microbesfrom surfaces
consistingof epithelial integrity, the rapid regeneration of old epithelial sceflast
propulsion of infected cells, autophagy, and innate immune responsegt(lm2010).
However, bacteriacan invade epithelial cells and cause infections (Townstnal,

2008b; Kimet al, 2010). Besides that, the organisare able b form biofilms which
possiblyprotect cells from environmental stresses and antimicrobial agentsefkain

2008).

The preéerm babies hava stratum corneum whicts immature and thimscompared to

that found infull term babies, children or adults. Thetare stratum corneum consisf
between 1Gand 20 layers of cellswhereaghe stratum corneum of preterbabies less

than 30 weeks malgaveonly 2 to 3 layers which could increase the chance of invasion
by harmful microbegEvans and Rutter, 1986 ardioeger, 2006) However, many
diverse bacterial pathogens have the ability to adhere, invade, and cause damage to host
cells and tissues, in addition to survivinthe host defences and causiag infection
(Wilson et al, 2002) Furthermore, several bacterial pathogens are able to secrete
various components and toxins to avoid the defences of immune systemet(Klm
2010). To avoid these factorgpathogenic bacteria are also capable of creating an
antiphagocytic surface layer which consists of polysacchsrmt by secreting their
adhesns on polymeric structures which extend out from the cell surface (Ktira,
2009).

The infection of the human intestine by enteropathogenic bacteria suEhcas,

Sal. enterica Shigella flexneri and Y. enterocoliticais based on the capability of
bacteria to adhere, invade and colonize the intestinal epithelium, survive inteatellul
and be transmited from cell to cell (Reis and Horn, 2010).Two different strategies are
used by these bacteria to caasanfection in the host; firstly these bacteria are able to
resist the host attackhrough macrophages by releasing the T3SS system proteins.
Secondly they are able to survive within macrophages because of their ability to induce
changes within the intracellular environment of the d@eis and Horn, 2010;
Sansonetti, 2002)
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Bacteria can interaatith the host cells in two waysttachment to the host cell without

any modification to the membrane or by using the surface appendages such as microvilli
(Greiffenberget al, 2000) In Gram:negative bacteria the outer membrane is an
important factor which helps in the attachment of the bacteria thighexternal

environmen{Mogensen and Otzen, 2005)
1.9.1.1 Adhesionto mammalian cells

The expressio of adhesive molecules on tearfaces of bacteria is an essential virulence
factor. Most bacterial pathogemnse adhesiorto facilitate their interactiorwith host

tissue cells.These surfaces include skin, mucous membrasesh as oral cavity,
nasopharynx, urogenital tract, and deeper tissues; lymphoid tissue, gastric and intestinal
epithelia, alveolar lining, endothelial tissue. The host tctivash microbes from these
surfaces by producing various mechanical forseghas saliva secretion, coughing,

sheezing, mucous flow, peristalsis, and blood f{@vilson et al., 2002)

Microbial adherence factors can be produced from polypeptides (proteins) or
polysaccharides (carbohydratessoigars) which fornthe capsule. Protein adhesins are
divided into two categories: fimbrial and afimbrial. Fimbriae (pili) are appendages that
protrude from the bacterial surface and consist of proteins that are tightly packed into an
array as a Heal cylinder. In particular,Gramnegative bacterial pathogens depend

on fimbriae for adherence such &s coli (for both urinary tract infections and
gastroenteritis),Vibrio cholerae, Pseudomonasaeruginosa and Neisseria species
(Donnenberg, 20QMHahn, 1997).

In aimbrial adhesins made of proteins that are known as adherence factors, the contact
of afimbrial adhesins with the host cell is more intimate and occur over a shorter domain
than with fimbriae.Gramnegative (Y. pseudotuberculosientergathogenicE coli,
Neisseria spp), Grampositive Staphylococcusspp. and Streptococcusspp) and
mycobacterial pathogens express afimbrial adhgfsnenberg, 2000Mlerz and So,

2000; Jotet al, 1999 Bermudez and Sangari, 2000). The interactions between bacterial
and the mucosa host such as adherence and invasion are cortiracaly® of bacterial

diseasen the gut(Hu and Kopecko, 2008)
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1.9.1.2 Invading mammalian cells

Adhesion of bacteria to host surfaces is the first step in the pathogenesis of most
infections in man and animals. Some pathogens have deeper access into the host to
continue the infectionycle. This pathogenic strateggn be divided into two categories:

extracellular and intracellulfwilson et al, 2002)

Extracellular invasion happens when a microbe breaks down the barriers of a tissue to
distribute enzymeinside the host and the microbe remains outside ofdetist Ths is

a strategy used by several pathogenic bactstieh as group Ab-haemolytic
Sreptococcusand St. aureusvhich produce toxins such as haemolysin (Walker, 1998).
Haemol ysin are divided-he mbbylehmagel eybsd inf faenrde
hemolysin. Clinical isolates, such &s coli and Serratiaspp. are ablets ecr-et e U
hemolysin(Konig et al, 1987; Welch, 1987; Schmidit al, 1995) The haemolysins

expressed by these species hidnecapability to destruct cellsowever, other cell types

may also contribute to their spread in host tisgWitson et al, 2002)

The ability of microbes to penetrate the cells of a host tissue and surithia this
situation is known amtracellular invasion. NumerouSramnegative Grampositive,
and mycobacterial pathogens have the capability to invade hostFielésy and Falkow,
1997; Cleary and Cue, 2000Bermudez and Sangari, 2000ehio et al, 2000).
Cronobacterstrains hae the ability to attach and invade Ca@ohuman epithelial cells,

and invade rat brain caplly endothelial cells (Townsemd al, 2008b).

1.9.1.3 Intracellular | ifestyles

After invasion many bacterial pathogens have the ability to survive and replicate within
host cells which survive invasion such as epithelial, endothelial and macrophages. The
host cells have mechanisms to damage ingested bacteria which include the creation of
reactiveoxidative intermediates, the decrease of pH vacuoles that contain bacteria, and
the activation of destruction proteases. Howglacteria havéhe ability to avoid these

killing mechanismssuch as survival in low aciditfyVilson et al, 2002) For example,
Adherentinvasive E. coli (AIEC) isolated from Crohn's disease patiemss able to

replicate within macrophages in large vacuolBsinger et al, 2006) Bacteria that
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survive intracellularly are possibly able to replicate and transmit between cells in the
same area of infection or transfer to other areas of the (Wéitlson et al., 2002)

1.10 Biofilm formation

The bioflm was defined as "an assemblage of microbial cells that adhere to abiotic or
biotic surfaces. Also, biofilm known ageversibly associated (not removed by gentle
rinsing) with a surface and enclosed in a matrix of primarily polysaccharide material"
(Donl an, 200 2; D a v e y In &randneg&tiveTbaateliage several @fotiae) .
polysaccharides are neutral or polyanionic. The existence oflk#tetl pyruvates or
uronic acids enhances their anionic properties, thus it allows association of divalent
cdions such as calcium and magnesium to increase the binding force in a developed
biofilm (Donlan, 2002; Sutherland, 2081

Biofilm protect microorganisms from shear forces and low pH environments such as in
the stomach. Inside the host, biofilm gives microorganisms a competitive advantage due
to its protects biofilm bacteria from exposure to innate immune defences (such as

opsonization and phagocytosis) and antibiotic treatmantibiotics (Scheet al, 2005).

The process of biofilm formation is characterized by several stages that have been

identified include in Figure 2.

The adhesion surface is prenditioned by the maomolecules which are present in the

bulk liquid, 2. The planktonic cells in the bulk liquid are transferred to the surface, 3.
Cells are adsorbed on the surface, 4. Those cells which are adsorbed reversibly are
described, 5. Some bacterial cells adsomeversibly on the surface, 6. Cekll
signalling molecules are produced, 7. Transfer of substrate to and within the biofilm, 8.
Cells bound to the biofilm metabolise the substrate and transfer the products out of the
biofilm, 9. All of these processes@aga in parallel with EPS production, replication and

cell growth § i moeéat, 2010).
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Figure 1.2: The processes governing biofilm formation.

The attachment of bacteria will occur most readily on surfaces that are rougher, more
hydrophobic, and coated by surface conditioning films (Ghae, 2006; Donlan, 2002;
Millsap et al.1997; Oulahakt al, 2008; Patekt al 200 7 et alS20@)oTdes s
ability of bacteria to form biofilm is related to properties of the cell surfpagicularly

the presence ofextracellular appendages, the interactions involved in iodll
communication and EPS production are important for biofilm formation and
development (Allison, 2003; Daviex al, 1998; Donlan, 2002; Parsek and Greenberg,
2005; Sauer and Camper, 2001). The appendages are allowing bacterial to attach the
surfaces and make the biofilm more resistant to environmental stress. The biological

agects regulating biofilm formation, which wile covered in the following sections:

1.10.1 Specialized attachment structures/surface properties of the cell

The presence of extracellular filamentous appendages and cell surface hydrophobicity
may affect the ratand the extent of microbial attachment. The hydrophobicity of the
cell surface is important in adhesion since hydrophobic interactions lead to a rise with an
increasing notpolar nature of one or both surfaces involved, i.e., the bacterial cell and
the adlesion surface (Donlan, 2002). According to Drenkard and Ausubel (2002), the
ability of bacteria to attach to another bacteria and to surfaces is based partly on the
interaction of hydrophobic domains.
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Numerous cells are able to produce extracellular Blaious appendages, which may
play a role in the attachment process. In fact, many of such structures are known to
presenti flagella, pili or fimbriae, prothecae, stalks and hfddt (Harbron and Kent,
1988).

Flagella are responsible for the motility afidberia. Numerous types of bacteria have
flagella. It is probable that the flagellum itself may form an adhesive bond with the

adhesion surface (Harbron and Kent, 1988).

The primary function of flagella in biofilm formation is supposed to be in transpdrt a
in initial celli surface interactions (Sauer and Camper, 2001). Flagethated motility
is assumed to overcome repulsive forces at the surface of the substratum and, as a result,

a monolayer of cells forms on the adhesion surface (Dagtials 2009.

Pili or fimbriae are found on several Graragative bacteria includingseudomonas
species. They are fine, filamentous appendages ranging in width ff@nn and in

length up to several micrometers (Harbron and Kent, 1988). These two structures are
usually straight, and are not involved in motility. Their function is only known to make
cells more adhesive, because bacteria with pili can adhere strongly to other bacterial
cells and inorganic particles (Harbron and Kent, 1988). According to Sauer amgiCam
(2001), pili and pilusassociated structures have been appeared to be significant for the
adhesion to and colonization of surfaces, possibly by overcoming the initial electrostatic

repulsion barrier that are present between the cell and the substratum.

The expression of fimbria is variable between pathogenic and environmental isolates.
(Gerstel and Romling 200Bstablish that phosphate and nitrogen depletion are signals
which able to switch on the agfD promoters in the stationary phasalmonella
typhimurium Fimbria expression has been correlated with strain pathogenicity. It was
discovered in 100% dE. col responsible for sudden infant death syndrome, and also 55%
of bovine mastitis isolates, and 38% ©f coli non 0157 STEQOIsénet al, 1989
Goldwater and Bettelheim, 200€00ksonet al, 2002) Zogaj and researchers detected
the production and genes responsible for cellulose and fimbria G#irapacter spp.

Enterobacterspecies andlebsiellaspecies. Their results also displanttitrobacter
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species are capable to produce curli fibersHnterobacterand Klebsiellaspecies are
unable to do. On the other hand, they discovered that genes responsible for curli fibers
production were existent i€itrobacter species andEnterobacterspecies but not in
KlebsiellaspecieqZogaj et al, 2003) Ten fimbrialrelated genes were present in@ll
sakazakiiand 38% ofC. malonaticus but were absent in oth&ronobacterspecies
(Healyet al, 2009).

A number of genes have been detected as requirements for the formation of curli fibers.
The previous study by Zogat al (2003) has isolatedsg genes from some species
belong to Enterobacteriacea such asCitrobacter, Cronobacterand Klebsiella spp.
Furthemore,Sakellariset al. (2000)isolated them fronshigellaspp The expression of
csggenes imnot only associated with curli expression but they are connected also with
bacterial resistance to environmental factors such as desiccatiortsdlgenes were
detected in strains which were unable to express curli fimbria; also nealalonella
strainsandE. coliare capable to express curli fimbria even under suitable environmental

conditions (Zogagt al., 2003).

The essential regulator asgBACis possibly the transcriptional regulatesgD The
increase of biofilm formation, invasion and bactendgrulence factors have been
associated with the rise o§gDgene activity, being strongly controlled with genetic and
environmental factorgUhlich et al., 2002) It has been determined theggD operon is
being influenced by regulators that are groupedcegDEFGand csgBAas divergent
operongHammaret al, 1995) Gualdi and researchef2008)found that overexpression

of csgDcan ovecome temperature dependent control of curli encockg@gAoperon

1.10.2 Extracellular polymeric substances (EPS)

EPS are responsible to bind cells and other particulate materials together (cohesion) and
to the surface (adhesion) (Allison, 2003; Sutherland, 2001b). The EPS comprises of
polysaccharides, proteins, nucleic acids, lipids, phospholipids and humic substance
(Jahn and Nielsen, 1998; Sutherland, 2001b; Wingertlal, 1999). Proteins and
polysaccharides amount for i@% of the biofilm EPS composition, indicating that

they are the predominant components (Tsumé@dd, 2003).
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Biofilms form a gel phase amod microorganisms which live inside it (Sutherland,

2001a; Wingendeet al, 1999). The EPS matrix functions as a barrier in which diffusive
transport prevails over convective transport (Sutherland, 2001b). EPS has general
protective effect on biofilm faning microorganisms against adverse conditions, for
example, it has frequently been shown that biofilm cells can tolerate high concentrations

of biocides (Mah and O6Tool e, eRadA0D5). Si moée

The EPS matrix acts to delay prevent antimicrobials from reaching target bacteria

within the biofilm by diffusion limitation and/or chemical interaction with the
extracellul ar proteins and polysaccharide
Furthermore, inside the EPS matrixe titmolecules necessary for ¢ekll communication

and community behaviour may accumulate at concentrations high enough to be effective
(Pearsoret al, 1999; Sutherland, 2001Db).

Lipids and nucleic acids might have important effect on the rheological pespand
thus the stability of biofilms (Neu, 1996). The extracellular DNA is required for the
initial formation of biofilms byPseudomonas aeruginosad probably for biofilms
formed by other bacteria that specifically release DNA (Whitchetet, 2003.

Colonic acid and cellulose are essential EPS components to form biofilm and have a
similar influence on bacterial attachment to mammalian cells. Matthetsak (2008)
reportedthat the ability ofE. coliO157:H7 to attaclo plastic surfaces as welt alfalfa
sprouts and Caed cell lines based on EPS. They ugedoliO157:H7 with deletions of
pgaC, yhjNandwcaD the genes encoding for peld/1,6-N-acetylglucosamine, cellulose
and colonic acid respectively. Their result reported that the attachofieft coli
0157:H7 to alfalfa sprouts was blocked in tpgac mutant; the attachment was
decreased 100 and 10 fold compared to the wild type straiphfrmutants and was
reduced 1,000 and 100 fold farcaD mutants. The attachment to Cazeell line was
significantly reduced fopgaC andyhjN mutants but not fowcaD mutant. TheE. coli
0157:H7 strains were not capable to form significant biofim on PVC in LB agar.
Mutation in the polysaccharides genagaC wacaD and yhjO were capable to form
third of the amount of biofilm compared to the wild type (Matthysisal., 2008).
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1.10.3 Celli cell communication

Celli cell signalling plays an important role in cell attachment and detachment from
biofilms (Danielset al, 2004; Donlan, 2002). Bacteria are considered to be colonial by
nature and exploit elaborate systems of intercellular interactions and communications to
enable their adaptation to altering environments (Daeesal, 1998; Fuqua and
Greenberg, 2002; Sau and Camper, 2001). Accordingly to Danielsal 2004 the
successful adaptation of bacteria to changing natural conditions is based on their

capability to sense and respond to the external environment and modify gene expression.

Quorum sensing is a press of cellcell communication that based on the process of
autoinduction (Eberhardt al.,1981). The process of quorum sensing acts to provide a
mechanism for selbrganization and regulation of microbial cells (Parsek and Greenberg,
2005). It includesan environmental sensing system that allows bacteria to monitor and
respond to their behaviour according to population density.

1.11Siderophores

Bacterial pathogens require iron for survival and a diveaege ofmetabolic processes
including amino acid syhesis, oxygen transport, respiration, nitrogen fixation,
methangenesis, the citric acid cycend DNA biosynthesigSandy and Butler, 2009).
The iron in human cells is very low and is bound by lactoferrin, transferrin, and ferritin
(Brooks et al, 2004) Pathogerd bacteria synthesize and secrete small organic
molecules called siderophores, which are-lneiecularweight chelators that solubilize
andacquire ironfrom eukaryotic irorbinding proteins suchs lactoferrin and transferrin
(Ratledge andover, 2001) Thus, siderophores are considered as major virulence
factors in the pathogenicity of organisms (Eijkelkagn@al.,2011).

The majority of aerobic and facultative anaerobic microorganisms produce at least one
siderophoreNeil, 1995) So farnearly 500 siderophordgve beeround from selected
microorganisms andeveral important sideropharproduced by bacteriare presented

in Table 1.3Balagurunathan and Radhakrishn2007).
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Table 1.3: The important siderophcs@roduced by bacteria

Organisms

Siderophores

A. calcoacaticus
Ae aerogenes
Aer. hydrophila
E. coli
Klebsiellaspp.
My. tuberculosis
Salmonella
St. aureus
P. aeruginosa
V. cholerae
Y. pestis

Acinetobactin
Aerobacin
Amonabsactin
Enterobactin
Aerobactin
Mycobactin
Aerobactin
Aureochelin
Pyoverdin and pyochelin

Vibriobactin
Yersniabactin

Yersiniabactin is part of an iremptake systendiscovered in several species of the
family EnterobacteriaceadBach et al., 200Q Schubertet al, 2000) and was first
described inYersiniaspp.,wherethe genes are located on a hjgthogenicity island
(HPI) (Carniel, 2002). Several previous studies have reported/d@nainiaspp.,E. coli
and possibl&. pneumonia& strainshavingthe HPI are more virulent than strains lacking
this island (Beardeat al., 1997; Carnieét al, 1992; Linet al, 2008.

There are many studies that have demonstrated that pathogenic straiessiofg

Y. pestis(Fetherstoret al, 1992), Y. pseudotuberculosi®uchrieseret al,1998) and

Y. enterocolitica(Carnielet al, 1996) carry a pathogenicity island knownths HPI
(Carnielet al, 1996) for the reason that its existence is essential for the expression of a
high-virulence phenotype. The HPI of. pestisis known as thggm locus, which
consists of about 102 kb of chromosomal DNA and comprisegaghandirp2 andfyuA

or psngenes included in iron storage and uptake the hemein storage (hms) locus (Perry
et al, 1990) sed-igure 1.3

The irpl and irp2 genescode for the two ironrepressible higimolecularweight
proteins HMWP1 and HMWP2, which apparently are involved in the production of
yersiniabactin (Lucieet al, 1996); and théyuAor psngene plays a significantle for
ferric yersiniabactin uptake or pesticin sensitivitg it serves as coding for the

yersiniabactin receptofyuA also actsas a receptor for pesticin (Carnetl al, 1992;
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Carnielet al, 1989; Heesemaret al, 1993;Rakinet al, 1994).HMWP1 and HMWP2
are found only in pathogenic strains Wersinia and are associated with virulence
(Carnielet al, 1987 and 1989).

In the Netherland, a nationwide outbreak was caused by multidrug resistance
Ent. hormaecheoutbreaks (EHOS). These organisappeared to possess mechanisms
to acquire iron from their environment by producyegsniabactirwhich were found on

the HPI. The Pl was transferred to othdfnterobacterspp.in vivo which possibly
played a role in thepidemic behaviour (EHOS) (Paauw, 2008b).

Y. enteroclitica HP1
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Recombination module I Regulation
I Biosynthesis of yersiniabactin  [T0] AT-rich region
Transport of yersiniabactin [ Unknown function

Adapted fom (Tanget al., 2014)

Figure 1.3: Genetic and structure organization of the high pathogenicity island of

enterocolitica

1.12Diversity of antibiotics resistance inEnterobacteriaceae

Over the past several decades, the widespreaof @ntibiotics has led to the appearance
of antibiotic resistant strains of many bacteria wttodn becomea seriou<linical and
public health problen{Wilson et al, 2002) Antibiotic resistance among nosocomial
pathogens is a cause of concéwiood et al, 1996 Goldmannet al, 1996). Gram
negative and Grarpositive bacteria have acquired resistance to many types of
antimicrobial drugsWilson et al, 2002) Many antibiotic resistant bacterial strains have
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acquired multidrug resistance, which represents a cause for significant g¢oncern
including diarrhoeal pathogensfor example, Shigella Salmonella E. coli, and
Enterococcus faeciunrespiratory pathogens suchkaspneumonia@andP. aeruginosa
urinary tract pathogens like. coli, andM. tuberculosiswhich remains the leading cause

of death from a single infectious disease worldwide (MazelCandes, 1999Wood et

al., 1996).

Enterobacteriaceawith E. coli areby far the most important pathogefor humans and

have been known as the most common source of community and hesmared
infections. They have the facility to spread easily among humans by hand carriage and
contaminated food and water and have the ability to acquire genetic material by
horizontal generéinsfer, mediated mostly by plasmids and transposons (Pariaik,
Stokes and Gillings, 20; Toleman and Walsh, 2011For thesaeasons, the emerging

multidrug resistance iEnterobacteriaceaes of most importance for clinical therapy.

T h e-lactamsare different antibiotic molecules thatre composed of four groups:
penicillins, cephalosporins, monobactam, and carbaperamogrding to their chemical
structures. The latest developed molecules that have the broadest spectrum ohegtivity
carbapenems (imipenem, ertapenem, meropenem, and doripederdménnet al,

2012) Multidrug-resistant Enterobacteriaceagproduce ESBLswhich are the most

i mportant c ont-ladtab uesistancg (Liveanorte, 200B)lactamdses are
enzymesmduced by bact er i alactanh antibiotiascby hydraysis. na c t |
These enzymes are divided into four groups baseithain activity profile as showm

Tablel.4 (Nordmanret al, 2012).
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Table 1.4: Diversity of b-lactam resistance iBnterobacteriaceae

enzyme o b-lactam anti bio
lactamases inactivate no affect
- - cephalosporins, aztreonam,
Penicilinases penicilins
carbapenems

other penicilins (carboxy- an
ureido-penicilins), aztreonar
and carbapenems

cephalosporins and

Cephalosporinases . o
aminopenicilins

Extended- ¢

all b-1 alct a marbapenems
|l actamase

carbapenems and may &

deactivat e

Carbapenemases -
lactam molecules,

depending on the enzyn

The ESBLsa r dactémases which have the capability to hydrolyse and cause resistance
to diff er e n-lactamamgil@osics, such as the exganrdpdctrum (or third
generation) cephalosporins and monobactams, but not the cephamycins and carbapenems
(Bradford, 2@1). Bacteria thaareable to produce ESBLarestill an important reason

for therapy failure with cephalosporins and have serigffiscts oninfection control

(Paterson and Bonomo, 2005).

The majority of ESBLs havbeen divided into three groups: TEM, SHV, and GWX
types (Patersorand Bonomo, 2005)Members of the familyEnterobacteriaceae
are most commonly express plasreich ¢ o dlacthmages such as TEM TEM-2,
and SHV1 that confer resistance to penicillifsut not to expandedpectrum
cephalosporingLeversteinvan Hall et al, 2002) The majoity of ESBL-producing
organisms isolated worldwide ake pneumoniaeand E. coli, but these enzymes have
also been discovered in many other members oEtiterobacteriaceagamily and in

particular nonfermentors (Jacoby and Mun&zice, 2005).

The Infectious Diseases Society of America reported that E8B8ducingKlebsiella
spp. andE.coli aretogetherone of the six drugesistant microbeagainstwhich new
therapies are urgently needed (Talebal, 2006).ESBLs have continued to increase in
diversity and spread and are now a global health concern (Serefhatagjlu2009;
Martinez et al, 2012; Lautenbaclket al, 2001).A recent trend is the emergence of
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communityonset bloodstream infections caused by E$Bhducing bacteria,
particularly CTXxM producingE. coli. These infections are now rare, but it is possible
that, in the near future possible the clinicians wilkégularly confronted with hospital
varieties of bacteria causing infections in patients from the community (Thenetahi
2014).

Mostly phenotypic methods are used in clinical diagnostic laboratories because these
tests are easy to dare costeffective, and have been included in most automated
sensitivity systems, making them widely accessible (Wiegsnal, 2007).However,
phenotypic techniques are not able to differentibetweenthe specific enzymes
responsible for ESBL production typeSHV, TEM, and CTXM). Numerous research

or reference laboratories are ugigenotypic methods to identifthe specific gene
responsible for the production of the ESBL (Woodford and Sundsfjord, 2005).

Since 2000 many surveys from different European countriéscluding Spain
(RodriguezBafioet al, 2004), Italy(Mugnaioli et al, 2009, Greece RPournarast al.,
2004), the UK \\Woodfordet al, 2004)and Canada (Pitoet al, 2007) have reported an
alarming increase in resistance of bactet@ other classes of antimicrobial agents
between ESBiproducing bacteria isolated from community sitd$iese surveys
exhibited ceresistance to ctrimoxazole,tetracycline, gentamicin, and ciprofloxacin.
For example, irCanada more than 66% of isolates were resistant to ciprofloxacin (Pitout
et al, 2007). These studies also presented that strains producingCangymes were
significantly more resistant to ciprofloxacin than strains misgntymerase chain
reaction(PCR) evidence foblaCTX-M genes (Pitouét al, 2007;Pitoutet al, 2004).

Hurrell et al (2009b) detemined the antibiograms for th&nterobacteriaceaetrains
isolated from EFT in NICU and they found that all t8e marcescenstrains were
resistant to amoxillin and emamoxiclav.Also, a quarter oEnt. hormaechdsolates were
resistant to the "3 generation cephalosporins, ceftazidime and cefotaxiboeing the
study periodK. pneumoniae@ndS. marcescensaused infections ithe two NICUs. In

addition,ESBLswere discovered in three of these strdlsrrell et al.,2009b).
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The infant intestinal flora is influenced by the feeding regiEw®erobacteriaceaare
present in neonatal nasogastric enteral feeding tubes in NICU, but there is no study
determined the risk of these strainghis study focusesn assessing the risk to neonates
from opportunistic bacterial pathogeng&nterobacteriacegewhich have ben isolated

from two sources; human mastic breast milk and also neonatal nasogastric enteral
feeding tubesThe overall purpose of theurrentstudy was to evaluate the risk to
neonates posed by ingestion of speciftaderobacteriaceaeither from contaminated

milk or from infant formula.
1.13 Objectives

The initial studies used PFGE to genetically fingerprint the strains isolated from the
NICUs by other researchers. This was determined by the prevalence and persistence of
particularEnterdoacteriaceaespecies, for example, whether certain strains persist in the
NICUs, and verified whether they colonise the tubes of unrelated neonates over
prolonged periods of time. The second part of the project was to focus on the virulence

potential ofK. oxytoca, Ent. hormaechandEnt. ludwigii

To extend the earlier studies by Hurretlal. (2009a and b) oEnterobacteriacea&rom

EFT, additional strains from mastic breast milk (MBM) were included. These were
obtained from a study by Delga@o al. (2008).Klebsiellastrains have been selected as
they are both a common cause of neonatal infections and were frequently isolated from
the EFT. An additional reason is that when Delgadal (2008) examined the bacterial
diversity of MBM, they isolated a number &febsiellastrains, and these have been
made available to us for comparative studies. Despite common expectation, breast milk

is not sterile and can contain a range of bacteria.

There was additional merit for a study to includlebsiellaas it has been isolated from
similar sources from two separate countries (UK and Spain) and this has considerable
comparative value. The second organism of inteEgdt, hormaecheiwas isolatedrbm

both the previous Nottingham NICU studies of Huretlhl. (2009b). This organism had

come to our attention through a series of segtated studies, as follows:
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1. Dr Stacy Townsend (former NTU pasto ct or al researcher) acg
strainsfrom a hospital for further analysis. Further studies using PFGE revealed that

they were clonal, and were from a NICU outbreak which the hospital was not aware of.
Subsequent 16S rDNA sequencing reidentified the strainsErs hormaechei
(Townsendet d., 2008a). Hence, the hospital had not only not recognised an outbreak

but had also misidentified the organisms.

2. NTU acquired a quinol oneetat (2097) astitésrant 6 Cr
unusual trait for the organism. However, 16S rDN4usncing showed the strain was
Ent. hormaecheand this indicates the difficulty in treatment of infections due to this

organism as well as its identification in the clinical setting.

3. Muytjenset al (1988) highlighted the incidence @fronobacterspp in powdered

infant formula. This paper has been highly cited to date as a key primary study on the
topic. However, the strains were identified in 1988 using biochemical profiling, whereas
NTU used 16S rDNA sequence analysis to reidentify the strainge sémwhich were

Ent. hormaeche{Townsendet al, 2008a). Hence, this indicates powdered formula as a

source of neonate exposure.

4. Enterobacteriaceadasolates from EFT from QMC and NCH hospitals included
Ent. hormaechefHurrell et al.,2009b). Many othese strains were resistant to tffe 3
generation cephalosporins, ceftazidime and cefotaxime, and ESBLs were detected. This
demonstrates that neonates are directly exposed to antibiotic resistant strains in NICUs

during feeding.

5. Comparative bacterial death rates Bhterobacteriaceaerevealed that the

Ent. hormaechestrain isolated from neonatal enteral feeding tube (4 above) was more
heat resistant thaBal. Seftenberg. This later organism is normally recognised as the
mostheat resistanEnterobacteriaceaand heat treatment processes in industry use this
later organism to ensure their processes are efficient (Forsythe; FSA report 2009). This
shows that the organism has a greater chance of surviving during the reconsbitutio
infant formula than other organisms, and that procedures may need to be modified to

take this into account.
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In addition toEnt. ludwigii obtained from a study by Delgada al (2008), we also
received Ent. ludwigii strain (NTU1439) from Nottingham Q®1 hospital that was
isolated from a case of neonatal meningitis. This organism was included in the project as

it reinforced the importance of evaluating the risk of neonatal infectidnhyudwigii

Ent. aerogeneandEnt. cloacaavere not included inhis study because, at the time this
study was initiated, these strains were considere#.agxytoca However, later we
identified these strains d&nt. aerogenesnd Ent. cloacaeusing 16S rDNA sequence

analysis.

This study compares the physiological ariculence traits between bacterial species
which neonates are exposed to from MBM and EFT. Only a limited comparison was
made according to the source of strains. However, this was not possiBl.fardwigii

andEnt. hormaecheas these were not iscéat from MBM and EFT respectively.

Finally, K. pneumoniastrains obtained from Jordan which have been isolated from EFT

werealso analysed, but only for PFGE profile due to time constraints.

1.14 Project Aims

In particular, the specific aims are:

1. Characteris&nt. ludwigii Ent. hormaecheand Klebsiellaspp strains according to

standard phenotyping methods and compare with genotyping.

2. Determine physiological attributes of the strains with respect to heat tolerance, biofilm

formation, cell apsule production and acidic pH survival (pH 3.5).

3. Determine the virulence potential of strains isolated from MBM and EFT using tissue

culture technique anloly identifying the presence of virulence factors.
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Chapter 2:MATERIALS AND METHODS
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2.1 GENERAL MATERIALS

2.1.1 Bacterial strains

A total of 228 strains ofEnterobacteriaceadrom different sources were used in this

study. One hundred thirthreestrains had been isolated from neonatal EFT from two
local Nottingham hospitals (QM@&ndNCH), (Table 2.1 2.3) and reported in a previous
Nottingham NICU study by Hurreét al.(2009b). Twenty strains had been isolated from

MBM by the lactation consultas at different primary heakbare centres in Spain
(Delgadoet al., 2008) (Table 24). Seventy five EFT and flushed milk isolates kof
pneumoniagfrom Jordan were also analysedit lonly for PFGE profile due tdme
constraintgTable 25 part 1 and R

The following studies were carried out on the three sets of strains:

i

i

Initial experiments used strains from two different sour&s[ and MBM, to
determine their retadness by using PFGE technig(i@ables 21-2.4). PFGE
subtyping of EFT isolates from QM&dNCH was by Alkeskas in our research
group as part of his PhD projedtgble 2.1 2.3).

Further experiments used strains from MBM (TabW) and EFT isolates from
QMC and NCH (Table 26). These strains were usdd determine their
physiological traitssuch as heat tolerance, biofilm formation, capsule formation
and acid tolerance at pH 3.5. In addition, these organisms were used to
investigate their ability to attach and invadaco?2 cell line.

Twenty three stias were chosen for virulence factors determinataashown

in (Table 27). This part of the project focused on the virulence potential of
Ent. ludwigii, Ent. hormaecheifEnt. cloacae, Ent. aerogenesd K. oxytoca
isolated from two different sources.

Ent. hormaecheiand Ent. ludwigii strains fromthe MBM and EFT isolates
(QMC andNCH) collection were used for determmigi attachment and invasion
HBMEC and rBCEC4 cell lines (Table8).
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Table 2.1: Description ofEnt. hormaecheandEnt. aerogenestrains isolated

from enteral feeding tubes at neonatal intensive care units in Nottingham.

Species Strain number | Date of isolation Source Neonate
Ent. cloacae _ 779 16/01/2007 2
Ent.hormaechei 790 4
Ent. cloacae 789 23/01/2007 12
" 795 17
" 797 17
" 798 18
799 18
800 30/01/2007 19
801 20
" 802 21
" 803 22
979 36
980 36
981 NCH 36
" 983 36
986 16/02/2007 36
987 36
993 36
997 36
" 856 50
859 51
860 52
861 17/04/2007 52
862 52
" 863 52
960 23/05/2007 83
Ent. cloacae 1028 108
Ent.hormaechei 1044 115
" 1052 117
" 1033 110
1034 110
1035 110
1074 16/10/2007 117
" 1032 110
" 1053 117
1075 117
1027 108
Ent. aerogenes 1058 QMC 118
" 1056 119
Ent.hormaechei 1038 113
. 1039 22/10/2007 113
1040 113
1066 126
" 1067 126
R 1081 12/11/2007 126
1084 126
1068 128
1069 19/11/2007 128
" 1089 128

NCH indicatesNottingham City Hospital and QM{DdicatesQu e e n 6 s
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Table 2.2: Description ofEnt. cancerogenustrains isolated frm enteral feeding
tubes at neonatal intensive care units in Nottingham

Species Strain number | Date of isolation [ Source | Neonate
Ent. cancerogenus 782 16/01/2007 7
" 783 8
" 781 17/01/2007 6
" 784 23/01/2007 9
" 806 24
807 06/02/2007 24
808 24
810 26
" 814 27
815 11/02/2007 27
816 27
817 27
818 13/02/2007 28
824 36
982 36
985 36
988 36
989 16/02/2007 36
992 36
994 36
" 996 36
" 998 36
990 NCH 37
991 37
825 17/02/2007 37
826 37
827 33
828 33
" 829 20/02/2007 33
" 831 33
" 834 35
957 81
966 86
969 22/05/2007 87
972 87
842 20/03/2007 42
845 45
847 02/04/2007 45
" 848 48
" 850 10/04/2007 48
" 851 48
" 907 58
908 24/04/2007 58
909 58
1059 119
1071 16/10/2007 108
1037 112
' 1042 22/10/2007 QMC 128
1054 118
" 1077 31/10/2007 120
" 1088 19/11/2007 120

NCH indicatesNottingham City Hospital and QM{dicatesQu e e n 8 s

42

Me d i

cal

Centre.



Chapter 2

Table 2.3: Description ofKlebsiellaspp. strains isolated fno enteral feeding tubes at
neonatal intensive care units in Nottingham

Species Strain number | Date of isolation| Source (Neonate

K. pneumoniae 778 1
" 785 9

787 10

788 23/01/2007 11

792 13

794 14

K. oxytoca 832 16/02/2007 36

" 833 36

830 20/02/2007 33

K. pneumoniae 839 39
) 841 28/02/2007 39

976 89

977 30/05/2007 NCH 89

999 94

1004 94

1006 94

1000 95

1002 05/06/2007 95

1005 95

1001 96

1003 96

1012 103

1013 12/06/2007 103

1014 103

K. pneumoniae 1046 116

" 1048 22/10/2007 116

1049 116

K. oxytoca 1078 120

) 1079 31/10/2007 QMC 121

K. pneumoniae 1090 129

" 1091 129

1092 19/11/2007 129

1093 129

NCH indicatesNottingham City Hospital and QM{@DdicatesQu e ends Medi c al Centr
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Table 2.4: Description of strains isolated from Spain from MBM. All strains in this table
were used for 't he c hienrobbadegral isoktast chapteraBd n d
determining physiological traits; chapter 4.

Species Strain Location | Source of isolation
Ent. ludwigii 1349 HCM MBM

" 1351 " "

" 1352

" 1348

" 1366

Ent. cancerogenus 1350 HCM MBM
" 1357

" 1358

" 1359

1360
" 1361

" 1362

" 1363

" 1364

" 1365

" 1367

" 1355

K. oxytoca 1353 HCM MBM
" 1354 " "

! 1356

HCM indicates Hospital Clinico of Madrid arddBM indicates rastic human breastilk.
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Table 2.5: Description ofK. pneumoniasstrains isolated from neonatal EFT used in
Jordan, partl.

Species Strains | Location | Source of isolates| Feeding regime | Age of infant | Neonatal Number| Date of isolation
K.pneumoniae| 1681 | PRHP Flushed mik
" 1682 ! !

" 1683 | PRHJ Tube

" 1684 " "
1685 " " 9 days od 2
" 1713 " Flushed mik
" 1714 ! !
" 1686 | PRHA "
" 1687 ! "
. 1688 | Tube o 21 days o 3
! 1689 ! ! 04/07//2011
" 1690 | PRHB !
" 1691 ! " 12 days old 4
" 1692 " Flushed mik
1693 | PRHC Tube
" 1694 " "
" 1695 ! Flushed mik
" 1696 ! "
" 1697 | PRHD Tube
1698 ! !
" 1699 | KAH17 Flushed mik
" 1700 ! !
" 1701 | KAH16 Tube
" 1702 " "
" 1703 " Flushed mik
" 1704 ! !
" 1705 | KAH115 Tube
" 1706 ! "
" 1707 " Flushed mik
" 1708 ! !
" 1709 | PRHH Tube
" 1710 ! "
" 1711 ! Flushed mik
" 1712 " "
" 1715 | PRHL " bebelac
" 1716 ! !
! 1717 | PRHF Tube 35 days old 12 07/07/2011
PRH indicates Princesses Rahma Hospital, KAH indidéileg Abdulla Hospital and thketters or numbers after the
abbreviations (KAH or PRH) are indicating code of infarformation. Flushed milk indicates lumen liquid from
enteral feeding tube.

21 days old 1

23/07/2011

37 days old 5
09/07/2011

23 days old 6

26 days old 7 04/07//2011

neosure
24 days old 8

31/05/2011

15 days old 9
S26

16 days old 10 06/07/2011

9 days old 1 23/07/2011
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Table 2.5: Description ofof K. pneumoniaestrains isolated from neonataFT used in
Jordan, part 2

Species | Strains | Location | Source of isolates| Feeding regime | Age of infant | Neonatal No. | Date of isolation
K.pneumoniae| 1718 | PRHO Tube 12
; 1719 ) "
: 1720 | | Fushedmk 9 days ot 13 2371201t
" 1721 " "
" 1722 | PRHI "
" 1723 " ! 39 days old 14
" 1724 " Tube 06/07/2011
1725 | PRHG Flushed mik bebekc 15 days ol 15
" 172 ) "
" 1727 | KAH6 Tube
. 178 " . 5 days od 16 22/05/2011
1729 | PRHN Flushed mik 14 days old 17 15/07/2011
" 1730 | PRHE Tube
" 1731 } "
. 173 \ Fushed mik 19 days od 18 09/07/2011
" 1733 " "
" 1734 | KAH34 Tube
" 1735 " " neosure 18 days old 19 07/12/2011
! 1736 ! Flushed mik
" 1738 | PRHT " 15 days old 20
" 1737 | PRHS tube
" 1739 " Flushed mik 36 days od 21
! 1740 ! " 101212011
! 1741 | PRHQ "
" 1742 " Tube 8 days old 22
" 1713 " "
" 1744 | PRHAD Tube
" s | Flushed mik 1daysod| 28
! 1746 | PRHAE ! S26 2
1747 ! !
15/12/2011
1748 | PRHAT Tube 7 days o %5
1749 ! !
1750 | PRHAI Flushed mik
1751 . Tube 24 days old 26
1752 | PRHY !
1753 . 10 days old 27 1211212011
1;22 PRAW | Flhed ik 1dasod| 28 201212011

PRH indicates Princesses Rahma Hospital, KAH indidsiteg Abdulla Hospital and the letters or numbers after the
abbreviations (KAH or PRH) are indicating code of infant informatilashed milk indicates lumen liquid from
enteral feeding tube.
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Table 2.6: Summary table of selectdent. hormaechei Ent. cloacae Ent. aerogenes
Ent. cancerogenuandK. oxytocastrains from EFT isolates (QMC aih{CH) collection,
used for determining physiologic#éiaits chapter 4.

. , : Source of Neonate o . o
Species Strain | Location . ! Date of isolation |  Age of infant Feeding regime
isolates Number

Ent. hormaechei | 790 | NCH' EFT 4 16001/2007 breast mk
w | ” . > AEekS | preast mik & ponder
30/02/2007 formu
798 ' ' 18 ni by mouth
860 ' ' 52 1710412007 Feets breast mik with fortfier
1034 | Quc’ ' 110 16/10/2007 | 1-2weeks | breast mk & pre-made formulg
1038 ' ' 133 2211012007 > 4 weeks pre-made formula
1053 " ” i 16/1012007 2-3weeks | breast mik & pre-made formulg
1075 ' ! 17
Ent.cloacae | 779 | NCH EFT 1 16/01/2007 > ek pre-made formua
789 ' ' 22 2310112007 breast mik with fortfier
Ent. aerogenes | 1056 | QC” ' 118 20102007 | <one week breast mik
Ent. cancerogenug 806 | NCH' EFT 24 0610212007 >4 weeks breast mik with fortfier
' 824 ' ' % 1600212007 | 3-4 weeks breast mik
845 ' ' 45 02/0412007 2-3 weeks pre-made formua
848 ' ' 48 10/04/2007 >4 weeks infant formula
909 ' ' 58 2410412007 2-3 weeks pre-made formua
957 ' ' 81 2210512007 3-4 weeks breast mik with fortfier
1037 QM(;h ! 112 16/10/2007 1-2 wegks
1042 ' ' 128 2211002007 > 4 weeks breast mik with fortfier
1017 ! ! 120 31/10/2007 1-2 wegks
K. oxytoca 832 QM(:b EFT 36 16/02/2007 3-4 weeks hreast mik
' 1078 ' ' 120 00007 1-2 weeks breast mik with fortfier
1079 ' ' vl < one week pre-made formula

(a) NCH Nottingham City Hospital, ((p MC Qu e edicdl €enthd.
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Table 2.7. Summary table of selectelint. hormaechei, Ent. cloacae, Ent.
aerogenesknt. ludwigiiandK. oxytocastrains fromthe MBM and EFT isolates
(QMC andNCH) collection, used for determining virulence factors; chapter 5.

Species Strain |Source of isolate§ Source
Ent. hormaechgi 790 EFT NCH?
" 795 " !

798
860
1034 " QMmC”
1038 " "
1053
1075
Ent. cloacae | 779 EFT NCH?
" 789 ! i

Ent. aerogenes 1056 EFT QMCb

Ent. ludwigii 1349 MBM HCM®

" 1351 " "
1352
1348
1366
1439 CSF QmcP
K.oxytoca | 832 EFT QmcCP

" 1078 " "
1079
1353 MBM HCM®
1354 " "
1356
(@) NCH NottinghamCi ty Hospital , editd)Cen@EMC€) HOMHesitaloCsinicdvbf Madrid.
EFT: Indicates Enteral feeding tube, MBM: Indicates human mastic breast milkC&kd indicates

cerebrospinal fluid. Pulsotype fdMBM and CSF strains is detaileéd this study (chapter 3) whereas PFGE
pulsetype for EFT isolates were by Alkeskas in our research group as part of his project.
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Table 2.8: Table of selectednt. hormaecheiandEnt. ludwigii strains fromthe MBM
and EFT isolates (QMC anNCH) collection, used for determmg attachment and
invasion HBMECand rBCEC4 cell lines; chapter 5.

Species Strain | Source of isolates|  Location
Ent. hormaechei| 790 EFT NCH

" 795 " "
798
860
1034 ' omc®
1038 " "
1053
1075
Ent. ludwigii 1349 MBM HCM®

" 1351 " !
1352
1348
1366

1439 CSF Qmc®

(&) NCH Nottingham City Hospital, (9 MC Qu e edicél €entké, (c) HCMHospital Clinico of Madrid. EFT:
Indicates Enteral feeding tube, MBM: Indicates human mastic breast milkC8Rd indicates Cerebrospinal fluid.
Pulsotype for MBM and CSF strains is details in this study (chapter 3) whereas PFGE pulsetype of EF Wwaalates
by Alkeskas in our research group as part of his project.
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2.1.2 Bacterial cultivation

2.1.2.1Tryptone soya agar (TSA)

Tryptone soya agaCM131B,Oxoid Thermo Fisher Scientific) was prepared according
tothemanuf act ur e rBiafly, 400 of Tryptore sdyaagawas suspended in

1 litre of distilled water, and sterilised at 121°C for 15 minutes. After cooling-&046

it was mixed gently and dispensed into sterile Petri dishes. These were stored in the
fridge at 4°C until required.

2.1.2.2 Trypt one soya broth (TSB)

Tryptone soya broth (CM0989B, Oxoid Thermo Fisher Scientific) was prepared by
dissolving 30g of TSB irl litre of distilled water, and autoclavingt 121°C for 15
minutes.The media was stored in a cool and dark place until required.

2.1.2.3 Milk agar

To prepare milk agar medi&g of agar (LP001, Oxoid Thermo Fisher Scientific) and
0.4g of ammonim sulphate were dissolved inMDof distilled water, and autoclaved at
121°C for 15 minutes. 200ml of milk based ready to use formula whey &b Gate

First Infant Milk), casein (SMA Extra Hungry Ready to use) aoy-based (Cow and
Gate infasoy) infant formula was warmed at 55°C and mixed with the autoclaved agar.
The medium was dispensed into Petri dishes, and stored in a cooled place urgiflrequ

2.1.2.4Saline distilled water

One saline tablet (BR0O053G, Oxoid Thermo Fishee&ific) was dissolved in 500l

distilled water to prepare 0.85% saline that was autoclaved at 121°C for 15 minutes.

2.1.2.5Luria -Bertani broth (LB)

Luria-Bertani Broth (L3022, Sigmaldrich; USA) was prepared by dissolving @of
Luria-Bertani in 1 litre distilled water. It was dispensed in the required volumes and
autoclaved at 121°C for 15 minutes. The media was stored in a cool and dark place until

required.
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2.1.2.6 Iso-Sensitest agar (50)

Distilled water(1 litre) was mixed with31.4gISO agar(CM0471, Oxoid Thermo Fisher
Scientific), brought to boil to dissolve the medium completely and then sterilised by
autoclaving at 121°C for 15 minute$he plates were stored in a cool place until

required.

2.1.2.7Long term storage of strains

In a 2nl Eppendorf tube 800ul of TSB broth was mixed with one colony from the TSA
plate and 200pul of 80 % glgcol was added and stored irB8°C freezer.

2.1.3 Mammalian cell lines

In this study four mammalian cell lines (Ca& HMBEC, rBCEC4 and U937) were
used to determin&nterobacteriacea®irulence towards host cells. The cell lines were
stored in liquid nitrogen, with the date, cell line type and passage nurdlearsy
labdled.

2.1.3.1 Human colonic carcinoma epithelial (Cace2) cell line

Human colonic carcinoma epithelial cell line (C&owas received from the European
Collection of Cell Cultures (ECACC# 86010202). The cell line was originally from a
human colon adecarcinoma. The cell lines are able to form a \w#ferentiated cell
monolayer and are similar to small intestinal enterocytes. Theyéftsavidely utilized

in studies of pathogehnost cell interaction (Szymanskt al, 1995). Cells were used

between passages seven and twelve.
2.1.3.2Human brain microvascular endothelial cells (HBMEC)

The human brain microvascular endothelial HBMEC cell line was obtained from Dr M.
Rittig (University of Nottingham). Cells were used betweassages sixty six and

seventy.

51



Chapter 2

2.1.3.3 Rat brain capillary endothelial cell line (rBCEC4)

The rat brain capillary endothelial cell line rBCEC4 was obtained from |. E. Blasig
(Forschungsinstitufilir Molekulare Pharmakologie, Berlin; Germany). Cell line rBCEC4

wasused between passages twenty and twenty five.
2.1.3.4Macrophage cell line (U937)

Macrophages cell line (U937) was received from the American Type Culture Collection

(ATCC) (CRL-1593.2). Cellsvere used between passages seven and eleven.

2.1.4 Medium of tissue cultureexperiments

2.1.4.1Growth medium for human colonic carcinoma epithelial (Cace2) cell line

The gowth medium was prepared by using B0minimum essential medium (M4655,
Sigma) mixed with 10% fetal calf serum (F7524, Signé&j}, nonressential amino acid
solution (100x, M7145, Sigma) and 1% peniailistreptomycin mixturg10.000 units
penicillin and 1@ng streptomycin/ml(P4333, Sigma).

2.1.4.2Infection medium for Caco-2 cell line

To prepare the Infection media, S80minimum essential medium (M4655, Sigma), was
mixed wth 10% fetal calf serum and 1% nessential amino acid solution (100x,
M7145, Sigma).

2.1.4.3 Growth medium for human brain microvascularendothelial cells (HBMEC)

and rat brain capillary endothelial cell line (rBCEC4)

Dubeccobs modi f i +ighglacasg DMEMSD6428, Gigniajb00 was
prepared and supplied with 10% fetal calf serum (F7524, Sigh%a)nhonessential
amino acid solution (100x, M7145, Sigma) and 1% peniedtreptomycin mixture
(20.000 units penicillin and bdy streptomycin/ml(P4333 Sigma).
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2.1.4.4Infection medium for HBMEC and rBCEC4

50nIDub ecco6s modi f i igh glicasy DMEMs(D6APE,dSigmanwas
mixed with 10% fetal calf serum and 1% ressential amino acid solution (100x,
M7145, Sigma).

2.1.4.5 Growth medium for macrophage celline (U937)

The gowth medium vas prepared by using 5®0RPMI-1640medium(R8758, Sigma)
supplied with 10% fetal calf serum (F7524, Sigm&% nonressential amino acid
solution (100x, M7145, Sigma) and 1% penicHtittieptomycin mixturg10.000 units
pencillin and 1Gng streptomycimhl) (P4333, Sigma).

2.1.4.6 Infection medium for macrophage cell line (U937)

500ml RPMI-1640 Medium (R8758, Sigmajvas mixed with10% fetal calf serum and

1% nonessential amino acid solution (100x, M7145, Sigma).
2.1.5 Buffers and detergents
2151Dul beccods Phosph@BSe Buffered Saline

Phosphate buffered saline containisgdium and magnesium chloride solution (D8662,
Sigma)was used tavash cells during preparation. The phosphate buffered saline was

used for all cell lines used in this study.
2.1.5.2Triton - X 0.5%

The solution of 0.5 % TritoiX was prejpred by adding 5@0 of Triton-X (Fisher
BP151100 Canada) to 99 of sterile distilled wter.

2.1.5.3TE Buffer

The TE Buffer solution was prepared by using 5ml of 1M Tris base (BBA®2
Thermo Fisher Scientific), withriil of 0.5M EDTA , and 49l distilled water. This
buffer was used to prepare the plug agarose and to wash PFGE plugs.
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2.1.5.4 Tris base Boric acidi EDTA (TBE) Buffer 10X preparation (1 Litre
distilled water)

The mixture was prepared using 108g Tris base (BBDS2 Thermo Fisher Scientific),
55g boric acid (B/3750/53%0ml 0.5M EDTA pH 8.0and autoclaved for 2@inutes.

2.1.5.5TAE 1X

To makeup TAE 1X 20nl of TAE 50X (2.0M Tris Acetate + 100 mM MNaDTA) were
mixed with 98@nl of distilled water.

2.1.5.6 Cell Suspension Buffer

To prepare cell suspension buffer total volunse3ml* n, Buffer needed as follows:
Tris pH 8.0 = 0.&1* n

EDTA pH 8.0 = 0.&nl* n

VdH20 = 3nl* n'i (V add Tris +V add EDTA)

n indicates the number of samples and V indicates Volume.

2.1.5.7Cell lysis buffer

To preparethe cell lysis buffer (50 mM Tris:50 mM EDTA, pH 8.0 + 1% Sarcosyl);
1% Sarkosyl NL(N-DodecanoyiN-methylglycine sodium salt) Sigma AldrichUK
(L-5125), proteinas& 20mg/ml Sigma Adrich, UK (P2308) and Calculate the
total volume of cell lysis buffefProteinase K Buffer needed as follows:
total volume= 5ml *n

Tris, pH 8.0 = 0.261l * n

EDTA, pH 8.0 =0.5l *n

Sarkosyl NL = 0.0§ *n

proteinase k = 38 * n and

VdH,O =5ml*n 71 (V Tris + V EDTA+ V proteinas&)

(n indicates the number of samples and V indicates Vglume
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2.1.5.8Iron Il solution

To prepare iron 1l solution, 9ml of HCI (168 of distilled water addetb 830ul HCI)
was mixed with inl of FeCk 6H,O solution (1L distilled water mixed with 2.73g of
FeCk 6H.0).

2.1.5.9Chrome azurol sulphate (CAS) solution

ChromeazurolS (199532, Sigma) was prepared by mixing 100ml of sterile dist@ted w
with 0.0121g of CAS.

2.1.5.10Hexadecyltrimethylammonium bromide (HDTMA)
Distilled water (80ml) was mixed with 0.1458g of HDTMA (H6268, Sigma).

2.1.5.11Sodium hydroxide solution

Ten grans of 50% w/v NaOH was added to distilled water (20ml).

2.1.6 Molecular studies

2.1.6.1Genomic DNA extraction

Each bacterial strain was grown aerobically TSB broth with shaking, at 3C
incubator TheDNA was carried out with the GenEIlwu
(Sigma) for each strain. Nanodrop 2000 (Thermo Scientific, UK) was used to check the

concentration and purity of the eluted DNA.
2.1.6.2PCR product purification

MinElute PCR Pufication Kits (Qiagn, UK) wereused to purify the amplified
products by following the manufacturer's protodéanodrop 2000 (Thermo Scientific,
UK) was used to check the concentration and purity of the sanifiesfinal eluton
step was conceded out inl2®f molecular biology grade water (Fisher Scientific, UK).
The sequencing machines were Agcugenix, Delaware (USAJEurofins MWG Operon
(London, UK) and Source Bioscience (Nottingham, UKhe data was analysed by

Ribosomal Database Projdbttp://rdp.cme.msu.edu/segmatch/segmatch_into.jsp
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2.1.6.3Agarose gel electrophoresis

The amplified PCR products were checkedvigualisationon a 1% agarose gélife
Science ® Company, UK, BI@1025).The gel, 1% (w/v) agarose was mixed in 1X
Tris-acetateEDTA (TAE) buffer (Geneflow, UK) andnicrowaved until meltedFrom
SYBR® Safe DNAgel stain (Life Technologiésnvitrogen, UK) 0.J/ml (v/v) was
added to thenoltengel and then poured in a tray antbaded to setThe gel was loaded
with 5ul of sample and 10Bp DNA ladder (Promega, Southampton, UK) was useal as
marker. The gel was run for 45 minutes at 90V in 1X TAE buffer. Under ultraviolet
(UV) light, the gel was viewed to observe the DNA band#gighe InGenius® gel
documentation system (Syngene; UK).

2.1.7 Safety considerations

Health and safety codes of practice were followed for all experiments. All materials used
in the protocols were risk assessed using the suitabkeol of substancelsazardous to
health(COSHH forms. Good laboratory practices were carried out for microbes, media
and chemicals, as well as for operating laboratory devidesHepatitis B vaccination

was received before commencement of tissue culture experiments.

2.2 Characterisation experiments

2.2.1 Phenotypic characterisation

The identification of the strains was initially determined using the ID32E (bioMérieux)
phenotyping kit, according to manufacturers' recommendat@onsthe apiweb database

(www.apiweb.biomerieux.com

2.2.2 Genotypic characterisation

Pulsedfield gel electrophoresis (PFGE) was used as a technique for differentiating
strains at the DNA level. The isolates were streaked on TSA and incubated at 37°C
for 14-18 hours Each strain was suspended in 3ml cell suspension buffenl|(T3s,

0.6ml EDTA and 2.1ml HO); section2.1.56. The cell concentrations were adjusted to

an optical densityOD) of 1.35 £ 0.05 at 61tm. The TE buffer was prepared and added

56


http://www.apiweb.biomerieux.com/

Chapter 2

to 1% agarose and 1% SDS and kept at 55°C until required.ridhctell suspension
(300ul) was mixed with 300ul of TEB agarose andulléf Proteinase K (20mg/ml,
Sigma, P2308) and dispensed in 100ul volumes into each plug.

The plugs were placed in B0 polypropylene tubes containingri of cell lysis buffer/
Proteinase K (0.25 Tris, 00pl EDTA, 1% Sarcosyhnd 2%l of Proteinase K); ection

2.1.57 and left in a watebath shaker at 54°C for 1Zhourswith vigorous shaking at
150175 rpm. Thelysis buffer was removed and b of sterile ultrapure water was

added to wash the agarose plugs, and incubated in the water bath with shaking at 50°C
for 15 minutes. This was repeated three tinTéwe TE buffer (5nl) was added to the

plugs and incubated in the shaking water bath A€ 36r 15 minutesThe TE buffer was

poured off and the previous step repeated three times. The plugs were stored at 4°C in
5-10ml sterile TE buffer until required.

For restriction digestion of the DNA, 2mm of the plug was cut off and placed it in an
Eppendorff tube containing 136 of sterile water and 15ul of buffer for 30 minutes at
room temperature. The mixture was removed and 150ul tiatesn enzyme mixture
(131.2%l sterilisedwater, 15l TB buffer and 3.7% enzyme Xbal) was aeéd and
incubatedat 37°C for 15-2 hours. Each plug wasipin order in the comb and 190 of

0.5 TBE buffer (95ml HO, 5ml TBE and 1g agarose) were poured into the gel support
tray.

Two litres prepared frorthe TBE buffer 0.5x (190t H,O, 100ml TBE) was added to

the running tank. The gel was run at 14°C with pulse times of 2.2 to 63.8 second for 20
hours at 6 V. Afterthe electrophoresis rumwas over, the gel was stained by&20 o f
ethidium bromide (Sigma, E1510) skosolution (10mg/ml)with 400ml of distilled

water for -30 mirutesin a covered container. The InGenius® gel documentation
system (Syngene; UK) was used to photograph the gels. The electronic images of the
PFGE patterns were saved in TIFF file format and analysed with Biercs software
version 3.5, dice coefficient and unweight pair group method with arithmetic mean
(UPGMA) for cluster analysis. Th8almonellaserotype Braenderup reference standard
(H9812) strain 732 was usedths marker.
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The tolerance value is expredss#s a percentage of the total normalized gel length. Two
bands on different PFGE patterns are considered to be the same if the difference in the
position of the bands is less than the tolerance percentage. If the difference in the
positions of the bandssigreater than the tolerance percentage, then the bands are
considered to be two different bands. A low tolerance (0.5%) allows for a minimal
amount of shifting of the bands when comparing bands of different PFGE patterns. In
this study different tolerancealues were used when analyzing the PFGE patterns
however the optimum band similarities were obtained at the tolerance valL&W,

1.75% and 1.60% for EFT, MBM and Jordan strains respectively.

2.3 Identification of strains by using 16S rDNA sequence arhgsis

2.3.1 Preparation of FTA® Elute cards

The FTA Elute card was labbetl with the sample code, anthbof sterile water was

dispensednto a labelled tube. The suspension of bacteria was equal to 0.5 McFarland
standard and 40ul of the suspension distributed in concentric circular motion within each
circle. The dry cards were placed in an envelope and shipped to Accugenix,

Inc.DelawarelJSA.

2.3.2 AccuPRO-ID Bacterial Identification

Cultures were 2418 hours old on TSA after incubation at 37°C as according to the
recommended methodology frorAccuPRQID bacterial proteotypic identification
service Each sterile Eppendorf tube (1.5ml) was lalgefler each sample and 300ul of
sterile, nuclease free water was placed in it. Each Eppendorf tube was inoculated with
1ul loop of bacteria from culture (248 hours old). Pure ethanol (900ul) was added to
each suspension and the cap secured in prepafatishipment.

2.3.3PCR 16S rDNA sequence analysis

Genomic DNA extraction wagrepared as described aboveanton 2.1.6.1. The partial
sequencing of the 16S rDNA loci (528 bp) was performedigugirimers described
by Iverseret al.(2006). The PCReaction mixture containesul buffer, 2ul MgCl,, 1l

24 e oxynuc Hriplosphat(dNTB),6forward (TGGAGAGTTTGATCCTGGC
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TCAG) primer andrevers TACCGCGGCTGCT&CAC) primer (2.5l each), 0.25ul
TAQ polymerase, 1ul DNA and 10.{dbdistilled water.PCR conditions were as follows:
initial denaturation at 95°C for 1finutes 30 cycles of denaturation at 95°C for 30
seond primer annealing at 62.6°C for 3&cond extension at 72°C for 45econd

followed by a final extension step 62°C for 10minutes
2.4 Physiological experiments

2.4.1 Heat tolerance

Overnight cultures were inoculated initney-based ready to use formula (Cow and Gate
First Infant Milk) and casein (SMA Extra HungReady to useand incubated at 37°C
overnight. Infant milk was warmed to 55°C for 30 minutes in a water bath. Bacterial
suspensions (1ml) were inoculated into 9ml warmed milk. At zero time X30ul
suspension were transferred to one well of the 96 watkegl This was repeated every

5 minutes for 30 minutes. Serial dilutioofsthe bacterial suspension (lpwere diluted in
saline to 10. The Miles and Misra enumeration technique on TSA plates was used to
determine the number of cells surviviegposure to 55°C. The plates were incubated at
37°C overnight. The viable count was plotted against time, analu2s calculated on the

time required for a 1 lagreduction in the viable count

2.4.2 Biofilm formation

Bacteriaproduction was determinedacdor ng t o t he met hodetdescri
al. (2004) with a slight modification. In brief, bacteria were grown at 37°C overnight
without shaking for 24oursin TSB and then diluted to f@fu/ml in sterile saline and

used to inoculate reconstituted formula (casein, whey and soya). Serial dilution of each
type of inoculated formula milk was carried out into saline in the wells ofwed6flat

bottomed polystyrene microplate. The microptatvere incubated aerobically for 24
hoursand 48hoursat 20°C and for 24oursat 37°C. The contents of each well were
removed using a vacuum and the remaining brofilas washed two times with 300f

sterile saline and shaken for 15 minutes at &#0. Crystal violet 0.01% (250) was

added to the wells for 5 minutes, and then the microplates were washed two times with

250l sterile distilled water per well. The residual attached bacteria were extracted with
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200ul of ethanol (70%v/v) perwell, and after 15 minutes 1faDwas transferred to new

plates.

The absorbancefceach well was measured at B0 using a GEN5 program, the
triplicate results were averaged and divided by the negative control. The relative
increase in biofilm formatiokevel for each strain was obtained from dividing @@ of

the stain retained by the isolates. T@® of tested strains was determined according to
the method described by Stepanoeic al (2004) where the threshold for positive
bacterial biofilm OD waslefined as three standarddahcrease above the meab Of

the negative control. Strains were categorised as follows: No biofilm formation: OD
strain = OD control, low biofilm formation: OD strai@ 2x OD control, moderate
biofilm formation: OD strairD4 x OD control and high biofilm formation: OD straid

x OD control.
2.4.3 Capsule formation

The preparation of milk agar media waesscribed in section 2.1.23Gapsule production
on milk agar by tested strains was determined by colony appearance on mitkt agar
20°C (after 24hoursand 48hourg and 3?PC (after 24hours.

2.4.4 Acid tolerance of organisms to pH 3.5 (HCI acidified formula)

Bacteriaresistance to pH 3.5 was studied according tontkeéhod as already used by
EdelsonMammel et al. (2006) with some modificationA single colony ofthe est
organism was inoculatedtom5ml of TSB and incubated for I&ursat 37°C. Two types

of formula were used in this study (whey and cadaised formulas). The milk was
adjusted to pH 3.5 with 1mM of stler HCI (steilised by filtration using 0.@m filters).
Two sterile tubes cdaining Inl of pH adjusted formula were placed in a water bath at
37°C to avoid the heat shocking of the inoculated cells.

The pH adjusted infarformula was inoculated withndl of the bacterial cell suspension

into the water bath to maintain the tengiare. From each tube 1j@l0of adjusted infant
formula was taken at each time point (0, 5, 10, 15, 20, 30, 45, 60, 90 and 120 minutes)
andthen were serially diluteth normal salie and plated on TSA agalatesby using
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the Miles and Misra technique to determine the number of viable ddiks plates were
incubated for 1&oursat 37°C andhe number of colonies was enumeratedasny
forming units (cfu). The number of colonieasvtransformed to log (cfu/ml) values for

presentation on the log curve graph.

2.5 Virulence factors

2.5.1 Bacterial attachment and invasion of host cells
2.5.1.1Preparation of bacterial inoculum

The strains were grown overnight on TSB at 37°C, The overnight culture were then
pelleted by centrifugation for @inutesat 1200rpm. The supernatant was then discarded
and he pellet was rsuspended inrtil of infection medium. Each strain was added at

~ 1P cfu per well to obtain the multiplicity of infection of 1:100 and incubated with 5%
CQO;, at 37°Cfor 3 hours

2.5.1.2Mammalian cell culture

All cell lines were taken fronthe liquid nitrogen that was used for each of the tissue
culture studies. The frozemmpoule was nieed and quickly seeded into h0 of the
suitable growth medium, and 100ug/ml gentamicin was added to the initial passage.
Bacterial attachment and invasion of host cells were determined by the method of
Townsendet al. (200&). The seededells were incubated at 37°C with 5% £®he

cells were centrifuged for Binutesat 1500rpm by using CENTAUR2 centrifuge (MES,
UK). The pellet was rsuspended in 2Bl of growth medium and seeded intonib
tissue culture flasks. The seeded cells wecebated at 37°C in 5% (v/v) GOfor 24

hours for rBCEC4 and HBMEC for 48 hours for Cé&and U937 to obtain the
confluent layer(70-80%). Mammalian cells were then seeded inv&ll microplatefor

48 hours and the concentration in each well @as 10* cells/ml. Five millilitres of

trypsinEDTA solutionwas used to detach the confluent monolayer.
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2.5.1.3Attachment assay

The attachment and invasion assay was used to determine the ability of the bacterial
strains to adhere Ca@ rBCEC4, and HBMEC cell lines.olobtain less variation
between the two assays, the determination of attachment was carried out at the same time
using the same cell line passage of mammalian cell line and same inoculum of bacterial
suspension. Cultivation of the Ca2prBCEC4, and HBMEell lines was described

in section 2.1.3The mammalian cells were washed three times uBingl becc o 6 s
phosphate wfferedsaline (PBS (D8662, Sigmagnd were infected witkach isolate at

~ 10°cfu per well (MOI of 1:100) and incubated with 5% £ 37°C for 3hours After
incubation, the cells were washed three times witls,Pdd then 1Q0 0.5% Triton

X100 was added to the wells and diluted with PBS to determine the viable count using

the Miles and Misra method.

This assay enumerated the tatamber of bacteria associated with the mammalian cells
after a 3hoursincubation period. These cells may be either attached to the surface or
located intracellularly. Therefore, the number of attached bacteria was determined by
subtracting the number aftracellular bacteria following invasion using the gentamicin
protection assay. The averagember of bacterial cfu/well wassed to present data,
given that each well contained 2 x*Iammalian cells. The attachment efficiency of
thetested isolates watetermined by the number of bacteria attached per well/inoculum
size x100. The experiment was repeatedewnctriplicate. Error bars ini§ures indicate

the standard deviation value.

The attachment and invasion assays were performed with the breaahthitisogastric
EFT isolates as listed in Table 2E.coli 1230 andSal Enteritidis strain 358 were used
as negative control and positive control respectively Gace2 cell ling whereas
Cit. koseristrain 48 was used as positive control for rBCEa@d HMBEC cell lines.

2.5.1.4 Gentamicin protection invasion assay

For the invasion assathe mammalian cell lines Ca&) rBCEC4, and HBMEC were
used as described in section 2.1.4. These cells were washed three times with PBS and

were infected with the organisat 2 x 10° cfu per well (MOI of 1:100) and incubated
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with 5% CQ at 37°C for 3 burs After incubation, the cells were washed three times
with PBS and therbOOul of wam tissue culture media with 128§/ml gentamicin
(G1397, Sigmayjvere added to each welhd incubated for 1 hour. TriteX100 solution
(100ul) was added to each well after removing the liquid and washing three times with
PBS. Serial dilutions were carried out of each sample for enumeration following the
Miles and Misra method on TSA platéBhe invasion efficiency ofested strainsvas
calculated by dividing the number of the internalised bacteria per well (cfu) by the initial
bacterial cell number (cfu) and multiplying by 100. The experiment was repeated twice

in triplicate. Error bars in figures indicate the standard deviation.

2.5.1.5 Gentamicin protection assay for U937 macrophage uptake and persistence

The ability of bacterial strains to internalise and persist in human macrophages was
studied. The macrophage cells were calidd in RPMI 1640 medium withnZM L-
glutamine, and mafled to cmntain 10mM HEPES, iM sodium pyruvate, 4.5g/L
glucose, 1.§/L sodium bicarbonate, and supplemented with 10% foetal bovine serum.
At 37°C and under 5% Cfthe cells were treated with @1g / ml o f -npyristate b o |
13-acetate (PMA; Sigma) and placed isstie culture plates to adhere and become

activated. The period before infection was at leasids#s

RPMI medium was added prior to infection for washing the cells to remove residual
PMA. The strains were grown overnight in TSB, and th2@ul wastransferred to 5ml

of fresh RPMI 1640 medium. The suspension was incubated for 2 hours at 37°C in a
shaking incubatortal60 rpm. The ODwas measured by using a spectrophotometer
(JENWAH, UK) and adjusted &00nm to between 0:3.5nm. Bijoux bottles coniiaing

3ml of tissue culture media were inoculated with bacteria with a finalo©O@005m.

The bacteria were inoculated-atL0° cfu per well and U93human macrophages were
seeded at

2 x 10 cells per well to obtain the multiplicity of infection of 1:10 for #Bnutesat

37°C in 5% CQ (v/v) incubator. The cells were then washed three times with PBS.

The persistence of bacterial cells in macrophages up to 48 hours was investigated by the

maintenance of two sets that were infected for 45 minutes. After the incubation period,
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the macrophages were resuspended in U937 medium supplementedh 100 ¢ g/ ml
10e g/ ml of g e hdursamd 48hioursre$pectivelyadl incubated at 37°C in 5%

CO,. Macrophages were washed three times with PBS and then lysed with 0.5% Triton
X100, pipetted to homogenise, decimalijuted and then plated on TSA to determine

the number of intracellular bacteria by using the Miles and Misra technigeeptake
andpersistence efficiency dfacterial strainsvascalculated by using the number of the
internalised bacteria per well (cfu) divided by the total of bacterial cells (cfu) in the

inoculum and multiplying by 100.

The U937 macrophage uptake and persistencayassere performed with the MBM

and nasogastric EFT isolates as listed in Table R2.%oli strain 1230 andCit. koseri

strain 48 were used as negative control and positive control respectively. The standard
deviation is indicated by the mean of uptake and persistence efficiency of each isolate

for two independent experiments in triplicates.

2.5.1.6 The adhesion patternsof bacteria with Caco-2 human epithelial cells

Six well microplates were seeded withx 10" Caco?2 cells and then incubated at 37°C
with 5% CQ for 48 hours and checked for adherence and confluent growth. Overnight
bacterial cultures were centrifuged andusggended in 8ml of appropriate complete
medium DMEM. The tissue culture cells were infected witt0® bacteria per well (4ml)
giving aMOI 1:10000. The infected Cae@ cells were incubated at 37°C with 5% £0O

for 3 hours. The medium was aspirated afteriticubation period and the cells washed
three times with sterile PBS. The coverdiyp control slidewas prepared by removing

the medium immediately from the chamber slide, then the coverslip was removed and

the cells washed three times with 5ml sterile PBS.

Absolute methanol was used for 5 minutes to fix the slides, and these wdreedir
Giemsa stainig was performed following a modified method described by Manhgé
(2006).The Giemsa stain was diluted 20 (5%) with distilled waterthen the cells were
stained for 15 minutes, then washed with distilled water and allowed to air dry. The

slides wereviewed using light microscopy under oil immersion.
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2.5.2 Haemolysin production

Tryptic soy aga500ml) was prepared accordingtttma nuf act ur eradds i nst

sterilised at 121°C for 15 minutes. After cooling te35C, 25ml ofsterile sheejplood
defibrinated (Oxoid, SR00519r horse blood(Oxoid, SR0050)were addedto create

a 5% suspension of sheep horse bloodand mixed gently and dispensed into sterile
Petri dishes. A single colony was harvested from a TSA plate and streaked onto blood
agar plate, and incubated for hB8ursat 37°C.Following the haemolytic reaction on a
blood agar plate, strains wecategorised as followd}partial haemolysis as greenish
colour around the colonies;ifiddicated by clearing around colonies on bloodr agad

2 - indicated by a lack of clearing or another change around colonies on blood agar.

S pyogene®NCTC 9994was used as positive control.

2.5.3 Serum sensitivity determination

Serum resistanceas determined according to the method describeHiugheset al.

(1982) with a slight modification.Serum was obtained from human male AB plasma
(Sigma, H4522)The strains were grown overnight in LB Broth andrev centrifuged
(1500 for 5minutes, the pellet was diluted to 9@&fu/ml in 5ml of phosphate fiiered

saline. An inoculum (0ral) of sutspension cells was added torl%of undiluted serum,
equal volumes (0.2ml) of this suspended and human serum were mixed before

incubation at 37°C.

Viable counts were obtained at the beginning and after 1, 2, 3 hodrdof incubation
at 37°C.Serially diluted cells were plated on TSA agar plates usiadliles and Misra
technique and incubated aerobically at 37°C for 18 hours before the number of colonies
was countedThe experiment was in duplicaté. coli strain1230and Salm.Enteritidis

strains 358 were used as negative control and positive control respectively.

2.5.4 Siderophore production

For siderophore production the method of Gundogfaal (2011) was used with slight
modification. Chrome azurolsulphate (CAS) agar was prepared by using two solutions.

The frst solution (dark blueiduid) was prepared by using a0 of CAS solution (see
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section 2.1.5.9 10ml of iron Il solution(section 2.1.5.8and 40ml of HDTMA before
autoclaving at 12C for 15 minutes (100ml in total of dark solutiof)he second
solution was prepared by mixing 900ml of distilled water, 159 agar, 30.24g pipes and
12g NaOHand then autoclaving at 122 for 15 minutes. After autoclaving, the first
solution was mixed with the second solution and then the media was poured into the

plates.

Immediately before use, 5mm diameter holes were punched into the agar. To prepare the
bacterial suspension, five colies were taken from TSA and inoculated into LB broth
containing 200uM of 2,2dipyridyl (31.236mg in 1L of LB broth) andh¢ubated with
shaking (170 rpm)t 37°C overnight. After incubatiprthe sample was centrifuged

at 5000 rpmfor 10 minutes and 70 of the supernatant was added into the holes. The
agar was incubated at %7 for 4-8 hours. The observance of an orange zone
around the hole indicatedthat the strainwas positive for siderophore production.

Y. enterocolitica strain8081 was used aspasitive control.

2.5.5 Determination of high pathogenicity island

Each bacterial strain was grown aerobically TSB broth with shaking, at 3C

i ncubator. The DNA was <carried out with t
(Sigma) for each strailAmplifications were done in a 25ul reaction 2nMgCl,, 1ul
Deoxyribonucleotide TriphosphatdNTP9 mix, 1ul of each primer, and 0.25 U of Taq

Flexi DNA polymerase (Promega, UK). The method was as previously described

by Schuberet al (2000).The initial denaturation step (94°C nginuteg was followed

by 30 cycles of denaturation (94°Cminute), annealing (annealing temperature,

1 minute), and extension (72°C,rhinute) with 1 final extension step (72°C n@inutes.

The sequences of the forward primers and reverse primers, the annealing temperature,

and the size of the amplified fragment are presented as follows:

U irpl primer forward TGAATCGCGGGTGTCTTATGC and reverse
TCCCTCAATAAAGCCCGCT (product size 238 bp; tematrre, 57°C)

a irp2 primer forward AAGGATTCGCTGTTACCGGAC and reverse
TCGTCGGGCAGCGTTTCTTCT(product size 287 bp; temperature, 57°C);and
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0 fyuA primer forward GCGACGGGAAGCGATGATTTA and reverse
TAAATGCCAGGTCAGGTCACT(product size 54Bp; temperature, 56°C).

Samples were electrophoresed in 1.5% agarose gels which were stained with SYBR®
Safe DNA Gel Stainand a 10(p DNA ladder (Promega, UK) to deterraiproduct size
[Appendix2]. The running tank was filled withX TAE buffers and gels were run for

45 minutes at 90 voltsUnder the UV light, using the InGenius® gel documentation
system (Syngene; UKIPNA samples were visualizel.. enterocoliticastrain 8081 was

used as positive control.

2.5.6 Antimicrobial susceptibility testing and ESBLs detection

The dsk diffusion method was used to determine bacterial susceptibildagcordance

with standardised HPA (2006) and BSAC methods (2008) for the following antibiotics:
amikacin (30ug), ampicillin (10ug), cefotaxime (30ug), ceftazidime (30ug), cephalothin
(30uQ), ciprofloxacin (1ug), gentamicin (10ug), imipenem (10ug), cefurex(BOpg),
chloramphenicol (30ug), streptomycin (10ug), ceftriaxone (30ug), cefoperazone (30ug),
doxycycline (30ug),cefotetan (30ug), cefpodoximElOug), coamoxiclav (20+1Qg;

zone diameter based on a 2:1 ratio of amoxicillin:clavulanate) and trimeth@sipg).

ESBLs production was determined by the combinatioeefpodoxime (CPDkit (30-¢ g )
(Oxoid, DD0029)and cefpodoximglus-clavulanate (CD CV) (30plus 10s g ) di sks,
ceftazidime (CAZ) (3& g) and elesclhvalanate (CAZeCV) (30plus 108 g )
disks and cefotaxime (CTX) (30 g ) and -plesclavtlaamate (GiX CV)Y30-

plus 10¢ g ) d~rom lovernightcultures,4-5 colonies were trafsrred into a tube
containing Bnl of a sterile saline and mixed thoroughly via vortex to give just visible
turbidity. The suspension was adjustedthie densityof the0.5 McFarlandstandards.
ISO-sensitest aggOxoid, CM0471) wastreaked by adjustezlispension of organisms.
The disktests were performed with confluent growth I80O-sensitest agafOxoid,
CMO0471). After incubation for 18 hours at 37,°& zone ofnhibition can be observecE.

coli NCTC 10418 was used as a control organism as it is sensitive to all antimicrobial
drugs.An ESBL wasdetected by measuring a differerccé 5mih betweerthe zones of
combination disc compared to that of thdividual antibioticcefpodaime/ceftazidime

and cefotaxime.
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2.5.7 Data analysis

In this studytwo comparisons were analysed usigOVA one way (Tukey method)
analysis test and a P value of less than 0.05 (p05) was considered to indicate
statistical significance. The first comparison was between biofiimdévedach type of
infant formula (whey, casein and soya) at two temperatR@8€ and 37°C by each
strain. Additionally, ANOVA one way (Tukey methods) analysis test was used in order
to compare between lewedf biofilm for the species in different typ@f formula and
different temperatureskurthermore, one way ANOVA also wasead to find the
consistence of the independent experiments for the strains to adher2, CBGECA4,
and HBMEC cell lines, the significance was set at p < OAbexperiments were
formed in triplicate except for experiments of acid tolerance of organeémsi 3.5
which were performed in duplicateData are presented as the average of two

independent experimentSrror bars in figurerepresent the standard deviation.
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Chapter 3:CHARACTERISATION AND
IDENTIFICATION OF BACTERIAL
ISOLATES
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3.1 INTRODUCTION

There are a variety of phenotypic and genotypic methods to determine if isolates are
indistinguishable or closely lated. These tests include PFGE andtilocus enzyme
electrophoresisas described by Tenovet al. (1995). The most common technique,
which is still considered the gold standdiat, bacterial strain characteation is PFGE.

The PFGE technique is used by many laboratories to determine strain relatedness to
identify the source of a strain or outhke and to confirm an outbreak of a bacterial
disease (Agasaet al.,2002;Benderet al, 2001). This technique relies on its ability to
separate and visualise DNA molecules based on their size. In addition, PFGE has shown
an excellent ability to separa@NA molecules ranging in size from a few kilobases (kb)

to greater thad0 megabase pairs (Mb) (Stewatdal, 1988;Burmeisteret al.,1992).

PFGE technique is able to separate large of DNA molecules by the use of an alternating
electrical field, suchhat greater size resolution can be obtained when compared to
normal agarose gel electrophoresis. PFGE is often employed to track pathogens, such as
Salmonella Shigella E. coli (including O157) (Peters, 2009)However, current
technology has been certdhlmat wholegenome sequencing to be a highly discriminating
and efficient method for strain typing of outbreak samjidsas been recently applied to
subtyping analysis, and it bridges the gap between PFGE and-gdraene sequencing.
Whole-genomesequening uses restriction site analysis arranges 200 to 500 bands in the
order they appear on the chromosome while PFGE utib28s bands sorted by size.

The most important limitation of wholgenome sequencing at the present time is the
cost time in spentrpparing longer than the time required for PFGE analysis, sequencing,

and analysing sampleBiller, 2013; Pendletoet al, 2013).

The Centres for Disease Control and Prevention (CDC) and PulseNet possess
standardized protocols to compare PFGE pattemsést foodborne pathogersich as
Salmonella E. coli O157:H7,Shigella Campylobacter jejuniListeria monocytogenes
andYersiniapestis(CDC, 2004, Cooperet al, 2006)

There are several commercially available restriction enzymes, s&hagSpe | Xba |,

Nhe | Apa landAuvr Il, with the ability to cleave DNA apecific sites on the genome
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(Basim and Basim, 2001)The enzymes are regularly utilized to improve
characterisation and discrimination between bactéfianover et al, 1995) The
restriction enzymescato cut the genomic DNA intsmall fragments (8 25) which are
separated bysing agarose gel electrophore3isenthee | ect r oni ¢ | mages
format) can be analysed using commercially available software such as BioNumerics
(CDC, 2004)

To interpret the PFGE patterns in epidemiologicalestigations for the analysis of
restriction patterns, the following criterion suggestad Tenoveret al (1995), is often
used:
U Indistinguishable: strains are considered indistinguishable if their restriction
patterns have the same band numberdlarsk bands are identical in size.
U Closely related:strains have between one to three bands different from each
other.
U Possibly relatedisolates are considered possibly related if they are differ by four
to six band differences.
U Unrelated strains:The i®lates are considered unrelated if the strains differ by 7

or more bands.

Although phenotyping is a quick method for isolate identification, it is prongdo
subjective reading of results, and dependence upon an external database. 16S rDNA
sequencanalysis is more reliablalthoughit requires a longer period of time before the
results are obtainedIn addition, because of its universal distribution among bacteria
16S rDNA sequenaais a useful alternative when phenotypic characterisation methods
fail. 16S rRNA gene sequences are used to study bacterial phylogeny and taxonomy for
many reasons, specifically thali bacteria have 46S rRNA gengoften existing as a
multigene family oroperons Moreover, there is no change in the function of 16SARN

as well as the large size of 16RNA gene (1500bpyvhich is really helpful in the
bioinformatics analysis (Patet al.,2001).

This study used twenty bacterial strains isolated from mastic human breast milk by
lactation consultants at different pringanealthcare centres in Spain (Delgado al.,

2008). Initial studies werdherefore necessary to confirm the identity of these strains
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and to determine if any were clones, i.e., that same strain may have been isolated more
than once. Hence, the strains were analysed using ID32E (phenotyping);fitsgel
electrophoresis ant6S rDNAsequence analysig addition,seventy five EFT isolates

of K. pneumoniadfrom Jordan) were also analysed, but only for PFGE profile due to

time constraints.

Initial PFGE subtyping foone hundred and thidthree strains isolated from neonatal
EFT from two local Nottingham hospitals (QMC and NOMas undaaken by Alkeskas
(former NTU PhD student) as part of his resegseleFigure3.1-4). His study was taken
further by myself and the PFGE fingerprinting wasanalysed and the straimgere re
identified using 16S rRA. While MBM strains and Jordan strains were analysed using
PFGE techniquéy myself DNA fingerprinting via PFGE for these strains was used to
determine their genotypic similarities and the variation between isolates. Furthermore,
this studyinvestigate if the same strains were isolated from the same baby on more than
one occasion, or from different neonateand to identifiedif the same strains
were isolated at different times from the NICUs. Previous research at4§Elso
identified these stramby using ID20E, ID32E and 16®NA sequence analysis. The
MBM strains were analysed by using ID32E, &&&rDNA sequence analysis.

3.2 Materials and Methods

The preparation ofculture media and conditions for this chapteere descibed

previously in section 2.2 f chapter 2 06 MaBriefly, tha desdogsamd Me't
was created by BioNumerics software, version 3.5, dice coefficient and unweight pair
group method with arithmetic mean (UPGMA) for cluster analydi® analysis ofthe

PFGE data was interpreted using criteria proposed by Terbak(1995).

3.3 Results

3.3.1 Characterisation of Enterobacteriaceastrains using the PFGE technique

The tolerance and optimisation for the bands were 1.50%, 1.75% and 1.6@%Tfor
strains, MBM strains and Jordan strains respectivi$yaccording to a previous study
by Hunteret al (2005) Salmonellaserotype Braenderup strain H9812 (NTU collection

Salmonellastrain 732) was chosen as the universal size standarpAgeendix1]. This
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strain had coverage of a large range of DNA fragment sizes, even distribution of bands,
and optimises stability of the PFGE pattern.

The universal size standard was used to establish reference positions (visible restriction
fragments in the pattern), which are use
format). The protocol that was used in this experiment has been standardised by

CDC and PulseNg2004)

3.3.1.1 Characterisation of enteral feeding tubes strains

One hundred thirtyhree Enterobacteriaceaestrains isolated frormeonatal enteral
feeding tubegrom two local hospitals in Nottingham (NCH a@MC) were analysed.
These wes Ent. hormaecheiEnt. cancerogenuysKlebsiella spp., Ent. cloacaeand

Ent. aerogenesAs show in Figure 3.1, forty fourEnt. hormaechestrainsformed

seven distinguishable pulsotypes and two unique strains. Fifty one straiBat.of
cancerogenugormed 6 distinguishable pulsotypes and there were two unique strains,
see figure 3.2. In Figure 3.3, thirty thriékebsiellaspp. strains formed 6 distinguishable
pulsotypes and one unique strain. Finally, the remaining species are presented in one
Figure (Figure 3.4) which were three strains Hiit. cloacaeand two strains oEnt.
aerogenesThey were clustered into two distinguishable pulsotypes, and there is one

which wasunique.
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U Characterisation of Ent. hormaecheistrains

Dice (Opt:1.50%) Tol 1.5%1.5%) (H>0.0% S>0.0%) [0.0%00.0%]

PFGE PFGE : f Date of
t
o ws species strain isolation source
Ent. hormaechei 790 24/01/2007 ___NCH

Ent. hormaechei 979 16/02/2007  NCH ]
Ent. hormaechei 980 16/02/2007  NCH

| Ent. hormaechei 981 16/02/2007  NCH
Ent. hormaechei ~ 983 16/02/2007  NCH L
Ent. hormaechei 986 16/02/2007  NCH
Ent. hormaechei 987 16/02/2007  NCH
Ent. hormaechei 993 16/02/2007  NCH
Ent. hormaechei 997 16/02/2007 . NCH-
Ent. hormaechei 1074 16/10/2007  QMC]
Ent. hormaechei 1033 16/10/2007 QMC
Ent. hormaechei 1034  16/10/2007 QMC
Ent. hormaechei 1035  16/10/2007 QMC

| Ent. hormaechei 1052 16/10/2007 _ QMCJ

1 Ent. hormaechei 1053  16/10/2007 QMC
—‘ T ‘ 11 Ent. hormaechei 1075 16/10/2007 QMC]»
I

N Ent. hormaechei 960 23/05/2007  NCH
1 i ni |1 ] >
|

Ebh1

Ebh2

Ebh3

Ent. hormaechei 1032._...16/10/2007..... QMC.

Ent. hormaechei 856 17/04/2007  NCH?
Ent. hormaechei 859 17/04/2007  NCH
Ent. hormaechei 860 17/04/2007  NCH L
Ent. hormaechei 861 17/04/2007  NCH
Ent. hormaechei 862 17/04/2007  NCH
Ent. hormaechei 863 17/04/2007_._NCH:

Ent. hormaechei 1066 ~ 12/11/2007 QMC
Ent. hormaechei 1067  12/11/2007 QMC

Ebh4

Ent. hormaechei 1069  19/11/2007 QMC
Ent. hormaechei 1081  12/11/2007 QMCL
Ent. hormaechei 1084  12/11/2007 QMC
i Ent. hormaechei 1027  16/10/2007 QMC
Ent. hormaechei 1068  19/11/2007 QMC
Ent. hormaechei 1089 19/11/2007 .. .QMC,

Ebhs

Ent. hormaechei 800 30/01/2007  NCH]
Ent. hormaechei 801 30/01/2007  NCH
Ent. hormaechei 802 30/01/2007  NCH
| Ent. hormaechei 803  30/01/2007  NCH
Ent. hormaechei 795 30/01/2007  NCH
Ent. hormaechei 797 30/01/2007  NCH
Ent. hormaechei 798 30/01/2007  NCH
Ent._hormaechei 799 30/01/2007...._NCH

Ent. hormaechei 1038  22/10/2007 QMC)
| Ent. hormaechei 1039  22/10/2007 QMC

T
Ebh6

T
Ebh7

Ent. hormaechei 1040  22/10/2007 QMC
Ent._ hormaechei 1044 16/10/2007.....QMC/

Figure 3.1: PFGE cluster analysis @&nt. hormaecheitrains(as performed by Alkeskas).

The dendrogram was generated by BioNumerics soféwaersion 3.5, dice coefficient
and unweight pair group method wiglithmetic mean (UPGMA) for cluster analysis.
The tolerance and optimisation in the band was 1.50%. -HbbfA7 and U:indicates
PFGE cluster groups; Wnique
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Table 3.1: Summary of PFGE analysis Bht. hormaechestrains.

PFGE | Number of Period of

Species  |Hospital Strain Number : ) . Patients
cluster Strains isolation
790,960 U 2 Over four month 2
979, 980, 981, 983, 986,987,993,997 Ebhl 8 same day 1
NCH

Ent.hormaeche 856, 859, 860, 861, 862,863 Ebh4 6 same day 3
795, 797, 798, 799, 800,801,802,803 Ebh6 8 same day 6

1052, 1033, 1034, 1035, 1074 Ebh2 5 same day 2

QMC 1032, 1053, 1075 Ebh3 3 same day 2

1027, 1066, 1067, 1081, 1084, 106 Ebh5 8 Over one month 3

1044, 1038, 1039, 1040 Ebh7 4 one week 2

QMC: Q u eviedicél Lentre. NCH: Nottingham City Hospital. EbHEbh7 indicates PFGE cluster groups;
Unique.

Table 3.1 and Figure 3.1 present the analysis of forty four EFT strains of
Ent. hormaechewhich previously have been isolated frawo local hospitals; NCH (n

= 24) and QMC (n = 20)Appendix 3]. The strains were obtained from patients.
These strains werdustered into seven pulsotypes; EhEhc7 and two unique strains.

All strains in pulstypes Ebhl:Ebh4 and Ebh6 Ebh7 showed a 100% similarity

coefficient.

From the same patient, 8 isolatesEmit. hormaecheivere recovered which belonged to

pulsotype Ebh1. These strains were isolated in one d&yF@isruary 2007).

Pulsotype Ebh2 was comged of five strains ofEnt. hormaecheiThey were isolated
from 2 patients, from same hospital (QMC) on the same ddy@t6ober 2007). Strains
1033, 1034 and 1035 were isolated from the same patients and, strains 1052 and 1074

were from another patient

Three strains oEnt. hormaechebelonged to pulsotype Ebh3, which were isolated on

the same day (6 October 2007). These strains were isolated from two different
neonates in the same hospital. Two strains, 1053 and 1075, were isolated from the same
patient while strain 1032 was isolated from a different patient.

Six strains ofEnt. hormaechewere groupd into pulsotype Ebh4. These strains were
isolated from three different neonates in one day' (A@ril 2007). They were in the
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same hospital. Four strains, 8863, were isolated from the same patient whereas strains
856 and 859 were isolated from twdferent patients.

A total of eightEnt. hormaechestrains belonging to pulsotype Ebh&ere isolated
during a period of one month (1®ctober and 12 and 19" November 2007) from 3
different patients in the same hospital (QMC). Pulsotype Ebh5 wasosathpf two
subclusters. The similarity coeffioe of each sulzluster was 100% validating the
clonality of the isolates in each suluster.While the similarity coefficient of strains
1068 and 1089 with the other 6 strains (1066, 10679,10881, 1084nd 1027) was 91%
which again validates that these isolates are higly idenTibal differencébetween these

strains was onlpne band.

Eight Ent. hormaechestrains belonged to pulsotype Ebh6 which were isolated on the
same day (30 January 2007) fronsix different patients in the same hospital (NCH).
Four strains out of eight strains were isolated from two different patients. Strains 795 and
797 were isolated from the same patient while strains 798 and 799 were isolated from

another patient.

Four Ent. hormaecheistrains were isolated during a one week period” (a6d 29¢
October 2007) and belonged to pulsotype Ebh7. These were isolated from 2 different
patients in the same hospital (QMC). Three strains of pydsdBph7 were isolated from
thesame ptent on the same day (¥2Dctober 2007) while one strain was isolated from
another patient on different day f1®ctober 2007). The similarity coefficient of the

cluster was 100%.

The remaining twdcnt. hormaechestrains (790 and 960) were unique avete isolated

from two different patients from the same hospital.
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U Characterisation of Ent. cancerogenugrains

Dice (Opt:1.50%) (Tol 1.5% 5%) (H>0.0% $>0.0%) [0.0900.0%]

PFGE PFGE
species strain Date of source

§ isolation
‘| I, En. cancerogenus 847  2/04/2007 NCH

v o w o
T N

0
A

En. cancerogenus 848 10/04/2007 NCH
En. cancerogenus 850  10/04/2007 NCH
En. cancerogenus 851 100042007 NCH
___En cancerogenus__ 845 _ 2/04/2007 __ NCH.
En. cancerogenus 988  16/02/2007 NCH
En. cancerogenus 990 17/02/2007 NCH
En. cancerogenus 991 17/02/2007 NCH
En. cancerogenus 992  16/02/2007 NCH
En. cancerogenus 994  16/02/2007 NCH
En. cancerogenus 996 16/02/2007 NCH
En. cancerogenus 998  16/02/2007
En. cancerogenus 908  24/04/2007 NCH
En. cancerogenus 909  24/04/2007 NCH
En. cancerogenus 982  16/02/2007 NCH
En. cancerogenus 985 16/02/2007 NCH
En. cancerogenus 907  24/04/2007 NCH
___En. cancerogenus__ 989__ 16/02/2007 _ NCH
En. cancerogenus 842  20/03/2007 NCH]
En. cancerogenus 815 11/02/2007 NCH
En. cancerogenus 816 11/02/2007 NCH
En. cancerogenus 817  11/02/2007 NCH
En. cancerogenus 825 17/02/2007 NCH
En. cancerogenus 826 17/02/2007 NCH
En. cancerogenus 827  20/02/2007 NCH
En. cancerogenus 829  20/02/2007 NCH
En. cancerogenus 831 20/02/2007 NCH
En. cancerogenus 781 17/04/2007 NCH
En. cancerogenus 782  16/01/2007 NCHr
En. cancerogenus 783  16/01/2007 NCH
En. cancerogenus 807 6/02/2007  NCH
En. cancerogenus 808 6/02/2007 NCH
En. cancerogenus 810 6/02/2007  NCH
En. cancerogenus 784  23/01/2007 NCH
En. cancerogenus 814  11/02/2007 NCH
En. cancerogenus 818 13/022007 NCH
En. cancerogenus 824  16/02/2007 NCH
En. cancerogenus 828  20/02/2007 NCH
_--En.cancerogenus _ 834 __20/02/2007__NCH
En. cancerogenus 1042 22/10/2007 QMC)
En. cancerogenus 1054 22/10/2007 QMC
En. cancerogenus 1059 16/10/2007 QMC
En._cancerogenus__ 1071 _16/10/2007__QMCJ
En. cancerogenus 969  22/052007 NCH)
En. cancerogenus 972  22/05/2007 NCH
En. cancerogenus 957  22/05/2007 NCH
_ . En.cancerogenus __966 __22/05/2007__NCH
En. cancerogenus 806 6/02/2007  NCH] o
__En. cancerogenus _ 1077_31/10/2007 _ QMC.
En. cancerogenus 1037 16/10/2007 QMC7 8
En. cancerogenus_ _ 1088_19/11/2007 QMCJ i

Ebcl

=
@]
T
T
Ebc2

Ebc3

T
Ebc4

T
Ebc5

Figure 3.2: PFGE cluster analysis &nt. cancerogenustrains(as performed by Alkeskas).

The dendrogram was generated by BioNumerics software, version 3.5, dice
coefficient and unweight pair group method with arithmetic mean (UPGMA) for
cluster analysis. The tolerance and optimisation in the band was 1.50%.Hbo61
indicates PFGE cluster groups; Unique

77



Chapter3

Table 3.2: Summary of PFGE analysis Bht. cancerogenustrains

Species Hospital Strain Number PFGE cluster Numbgr of Pe noq of Patients

Strains isolation
845,847,848,850,851 Ebcl 5 over one week 2
982,985,988,989,992,994,996,998,990, 991,9 Ebc2 13 About three 3

908, 909 months

NCH 782, 783, 781, 784,
807,808,810,814,815,816,817,818,824,825,826 Ebc3 21 over two months| 13
Ent. cancerogenuq 828,829,831,834,842

957, 966,969,972, Ebc5 4 same day 3
806 U 1 one day 1
1077 U 1 one day 1
QMC 1059, 1071, 1042, 1054 Ebc4 4 one week 4
1037, 1088 Ebc6 2 over one month 2

QMC: Queenbds Medical Centr e. BNdHEDbCc6 iNdadtes iPRGEhchustegrodpst vy Ho s p i
U:Unique.

As displayed in lgure 3.2, the dendrogram of 3dolates ofEnt. cancerogenufom

NCH (n = 44) and QMC (n=7), the strains have been obdaiftom 25 patients
[Appendix 4]. These organisms were clustered into six distinguishaldeotypes Ebcl

Ebc6 and two unique strains. The isolates of each pulsotype showed 100% similarity
coefficient. All strains within each pulsotypes showed 100% similarity coefficient
(Figure 3.2, Table 3.2)

Five strains ofEnt. cancerogenu®elonged to pisotype Ebcl, which were isolated

during 2 days (¥ and 4" April 2007) from the same patient.

A total of thirteen strains dEnt. cancerogenusvere isolated over a period of two month
(16" and 17 February and24™ April 2007) from 3 different patients in the same
hospital (NCH).These strains belonged to pulsotype Eb2. There was a large number of

strains isolated from the same patients; see Table3.2.

Twenty one strains oEnt. cancerogenuselonged to pulsotype EBc which were
isolated over a prolonged period of over two mont(isﬁ‘h, 17™ and 2% January,

6™ 11" 13" 16", 17" and 20" February and 20 March 2007) and the strains were
isolated from 13 different neonates in the same hospital. Most stracissier Ebc3

were isolated from the same patient on the same day. Two strains 807 and 808 were

isolated from the same patient while four strains 814, 815, 816 and 817 were isolated
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from one patient. In addition, two strains 825 and 826 were isolated frensame
patient. Also strains 827, 828, 829 and 831 were isolated from the same patients.

There were four straingf Ent. cancerogenus pulsotype Ebc4, which were isolated in
one week period (Band 22% October 2007jrom 4 differentpatients in fhe same
hospital (QMC)

Four strains oEnt. cancerogenu$®elonged to pulsotypEbch which were isolated on

the same day (22May 2007) and the strains were isolated from three different neonates
in the same hospital. Two strains 969 and 972 were égbfadm the same patient while
strain 957 and 966 were isolated from different patients.

Pulsotypes Ebc6 was composed of two strainEmif cancerogenussolatedover a
prolonged period of one month f1®ctober 2007 and ¥9November 2007)solated
from 2 differentpatients in the same hospital (QMC).

Two strains (806 and 1077) were unique and were isolated from two different patients

from different hospitals.
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U Characterisation of Klebsiellaspp. strains

Dice (Opt:1.50%) (Tol 1.5%-15%) (H>0.0% S>0.0%) [0.0%-100.0%]

PFGE PFGE species strain Date of source
momomsﬁomomg isolation
X000 ORNEPRPD A

K. pneumoniae 1091  1911/2007
K. pneumoniae 1092 19112007

I | ‘ K. pneumoniae 1046 22102007
K. pneumoniae 1049 22102007
| K. pneumoniae 1048 .. 22/102007

K. pneumoniae 109377 19112007 " OMC X

K. pneumoniae 787 301/2007 CH
| K. pneumoniae 794 301/2007 CH
INE i K. pneumoniae 788 23/01/2007 NCH
I il

KC1

K. pneumoniae 1090 19112007 %MC}

U

NN
KC2

K. pneumoniae 792 23/01/2007 NCH
; H !" l 1 W K. pneumoniae 785 2301/2007 NCH
I'INl 1 K. pneumaniae 718 2301/2007 NCH

K. oxytoca 1078 31102007 MC}

e | 1 K, oxytoca 1079 . 31102007 MC.
K. preumoniae 839 2802/2007 H

i K. pneumaoniae. 841 28002/2007 H

I . I I K. oxytoca 830 200212007 H
1 K. oxytoca 833 16/02/2007 H

C
C
C
C
K. oxytoca 832 16/02/2007 8-
C
C
C
C

K. preumoniae 1006 05062007 H

| K. pneumoniae 1000 05062007 H
| 0 K. pneumoniae 1001 05062007 H
K. pneumoniae 1003 05062007 H

’ K. pneumoniae 1004 05062007 H
K. pneumoniae 1005  0506/2007 NCH

K. pneumoniae 977 301052007 NCH

K. pneumoniae 976 301052007 NCH

K. pneumoniae 999 05/06/2007 NCH

K. pneumoniae 1002 0506/2007 NCH

K. pneumoniae 1012 12/06/2007 NCH

K. pneumoniae 1013 12/06/2007 NCH

K. pneumoniae 1014 121062007 NCH

Figure 3.3: PFGE cluster analysis #lebsiellaspp.(as performed by Alkeskas).

KC5 KC4 KC3

KCé

The dendrogram was generated by BioNumerics software, version 3.5, dice coefficient
and unweight pair group method with arithmetic mean (UPGKMA)cluster analysis.
The tolerance and optimisation in the band was 1.50%- Kc indicates PFGE cluster

groups; U:Unique

Table 3.3: Summary of PFGE analysis Kfebsiellaspp. strains.

Number of | Period of

Species Hospital Strain Number PFGE cluster . L Patients
Strains isolation
K. oxytoca 832, 833, 830 Kc5 3 aboutone | -,
week
NCH 778, 785, 787, 788, 792,794 Kc2 6 same day 6
839,841 Kcd 2 sameday | 1

976, 977, 999, 1004,

K. pneumoniae 1006,1000,1002,1005,1001,1003.1012.1013,1] <0 13 | woweeks| 5
1046, 1048, 1049, 1090, 1091,1092 Kcl 6 | onemonth| 2

QmC 1093 U 1 one day 1

K. oxytoca 1078, 1079 Kc3 2 one day 2

QMC:  Qu Medicd Gentre. NCH: Nottingham City Hospit&lc1- Kc6 indicates PFGE cluster groups, Unique.
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The strains oKlebsiellaspp. were clusted into 6 pulsotypes isolated over a wide time
period (Figure 3.3, Table 3.3). Thirty three straintd#bsiellaspp. had been isolated
from NCH (n=24) and QMC (n=9) from J#atients [Appendi¥]. These isolates were in
6 clusters, KcdKc6 and one unique strain. The strains in pulsotypes Kcl aneKk@3

displayed 100% similarity coefficient.

Six strains oK. pneumaiae belonged to pulsotype Kcl. These were isolateet three
weeks(22" October and 1'®November 2007) and from 2 different neonates in the same
hospital (QMC). Three strains; 1046, 1048 and 1049, were isolated from the same
patient on the same day (8Dctober 2007) while strains 1090, 1091 and 1092 were

isolated from another patient on the same dall l&vember 2007).

Pulsotype Kc2 was composed of six strainKlebsiellaspp. which werésolated on the
same day (23 January 2007) from 6 diffené patients in the same hospital (NCH).Six
strains of pulsotypes Kc2 was composed of threectudiers: 4, 1 and 1. The similarity
coefficient of one sufsluster was 100% with strains 787, 794, 788 and 792 which were
isolated in one day from 4 differepiatients However, these strains hadsinilarity
coefficient (97%) with strain 785 which was caused by a difference of one band. On
other hangdthese two sulslusters had aimilarity coefficient with strain 778 (80%).

From two different patients, 2 isolates Kioxytocawere recovered which belonged to
pulsotype Kc3. These strains were isolated on one dd\O@bber 2007).

Pulsotype Kc4 was composed of two straindgKofpneumoniaavhich were isolatedn

one day (28 February 20073nd were isolated from the same patient.

Three strains oK.oxytocabelonged to pulsotype Kc5, which were isolated 5 days apart

(16" and 28" February 2007) and were from two different neonates in the same hospital.
Two strains; 832 and38, were isolated from the same patient on the same day while
strain 830 was isolated from another patient.

Thirteen strains oK. pneumoniaebelonged to pulsotype Kc6. There were isolated
during two weeks (30May and ' and 12" June 2007) from five ffierent neonates in

the same hospital. Nine strains were isolated from 3 different patients; strains 999, 1004,
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1006 from one patient, another three strains 1000, 1002 and 1005 were from the second
and strains 1012, 1013 and 1014 from third patient. Iitiaddfour strains were isolated
from two different patients; 976, 977, 1001 and 1003.

One strain, 1093, was unique and was isolated from one patient.
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U Characterisation of Ent. cloacaeand Ent. aerogenestrains

Dic (OpL. 50 (Tol 1 36:1.54) (1006 SA08) L B#100.04

PFGE e
species srain  Dateof  SouTce
Dononos 3 isolation
ONNDDS o

En aerogenes 1056 22102007 QUC) ¢

— _,E/L@efageﬂes_____1_0_58___1_6_’19/_2!]!1_7__9W} ’
—  Entoose 108 160007 QUC}
l Etchacae 719 16102007 NCH ] «

L A__,E_n_t_dqaqa_e______78_9_,__2,3!9@?_7___’?9“} :

Figure 3.4: PFGE cluster analysis dEnt. cloacaeand Entaerogenes(as performed by
Alkeskas).

The dendrogram was generated by BioNumerics software, version 3.5, dice coefficient
and unweight pair group methedth arithmetic mean (UPGMA) for cluster analysis.
The tolerance and optimisation in the band was 1.50%.-HbBll indicates PFGE

cluster groups; UJnique

Table 3.4: Summary of PFGE analysis Bht. cloacaeandEnt aerogenes
Number of Period of

Species Hospital [ Strain Number |PFGE cluster . . . Patients
Strains isolation
Ent. cloacae NCH 779, 789 Ebl1 2 one week 2
Ent. aerogenes QMC 1056, 1058 Ebal 2 one week 2
Ent. cloacae 1028 U 1 one day 1

QMC: Queendés Medical Centre. NCH: Mdidate PRGE klaster glOupd;y Hospi t
Unique.

Table 3.4 summarises the results of Figure 3.4. The five different isolates of
EnterobacteriaceadEnt. cloacaeand Ent. aerogengshave been obtained from two
local hospital NCH (n = 2) and the remaining 3 were from QM@pendix 6]. The
strains were clustered into two pulsotypes; Ebal Eoll and two unique strainshiér

analysis is described briefly below.
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From diferent patients 2 isolates &nt. cloacaewere recovered which belonged to
pulsotype Ebl1. These strains were isolated in one weék g6 22°0October 2007).
They displayed 100% of similarity coefficient.

Two strains ofEnt. aerogenebelonged to puldgpe Ebal, which were isolated during
one week (18 and 2% October 2007) and the strains were isolated from two different
neonates in same the hospital. The similarity coefficient was 91%. The difference was
one band.

Two strains (1028 and 1094) wereigue and were isolated from two different patients
from the same hospitals.

84



Chapter3

3.3.1.2Characterisation of Enterobacteriaceaésolated from mastic breast milk

D\ce (Op|175%) (Tol 1.8%-1.8%) (H oov/ $>0.0%) [0.0%-100.0%]
3288 3 Species Strain  Source of isolation
“ I I ‘ . Ent. cancerogenus 1359 MBM } Encl
E | . Ent. cancerogenus 1360 MBM
|| l‘ . Ent. cancerogenus 1357 MBM ]' u
{ . Ent. cancerogenus 1355 MBM } Enc2
. Ent. cancerogenus 1358 MBM
I I . K. oxytoca 1354 MBM
— . Ent. ludwigii 1349 MBM
[ I— |I . K. oxytoca 1356 MBM
E—— . Ent. cancerogenus 1367 MBM u
. 11! ] . Ent. ludwigii 1348 MBM
. Ent. ludwigii 1352 MBM
E . Ent. ludwigii 1366 MBM
. Ent. cancerogenus 1365 MBM
I . Ent. cancerogenus 1363 MBM } Enc3
I I . Ent. cancerogenus 1364 MBM
E ‘ ‘| ‘ . Ent. cancerogenus 1362 MBM
ﬁ F | . K. oxytoca 1353 MBM
I 11 . 3 . Ent. ludwigii 1351 MBM } u
. Ent. cancerogenus 1350 MBM
11 Il 110 'l . Ent. cancerogenus 1361 MBM

Figure 3.5: PFGE cluster analysis MBM strains.

PFGE profiles of twenty bacterial strains isolated from mastic human breast milk. The
dendogram was created by BioNumerics software, version 3.5, dice coefficient and
unweight pair group method with arithmetic mean (UPGMA) for cluster analyses. Th
tolerance and optimisation in the band was 1.75%.U: Unique and closely related indicate
PFGE cluster groups.
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Table 3.5: Summary of PFGE analysis d&nterobacteriaceagsolated from mastic
human breast milkMBM).

: . G ti
Species Strain Number PFGE cluster enetic
relatedness
1359, 1360 Encl
1355, 1358 Enc2 closely related

1363, 1364 Enc3

Ent. cancerogenus
1350,1357, 1361, 1362, 13

& 1367
Ent. ludwigii 1348.1349,1351, 1352 & U Unrelated
' g 1366
K.oxytoca 1353, 1354 & 1356

Encl}Enc3 indicate PFGE cluster groups, U: Unique.

Table 3.5 is a summary of Figure 3.5 which presents the analysis of PFGE of twenty
strains ofEnt ludwigii, Ent cancerogenusand K. oxytocafrom MBM in Spain. The

MBM isolates were clustered into 3 pulsotypes Encl, Enc2 and Enc3 and 14 unique
strains (Figure 3.5, Table 3.5). The PFGE of the MBM isolates revealed that two strains;
1359 and 1360 (Encl), showed 78% of similarity coefficientemiwo strains; 1355 and
1358 (Enc2), were 89% similar according to Dice analysis and differed by only 3 bands
(Figure 3.5). The similarity coefficient of two strains (1363 and 1364) \kéhothers
showed a similarity coefficieraf 92%, which were clusted as Enc3. Therefore, they

are probably six isolates of the same clone (Tenetveal, 1995). Since the original
sampling by Delgado was confidential and little information exists with respect to the
clustering and typing of strains we do not know ifteaf the two strains were from the
same mother, but this was deemed highly likely. All other strains were < 80% similar

and were therefore regarded as unique isolates, i.e. not clonal.

86



Chapter3

3.3.1.3 Characterisation of K. pneumoniaestrains isolated from EFT in Jadan

Figure 3.6: PFGE cluster analysis &. pneumoniastrains isolated from EFT in Jordan.

The dendogram was generated by BioNumerics software, version 3.5, dice coefficient
and unweight pair groumethod with arithmetic mean (UPGMA) for cluster analysis.
The tolerance and optimisation in the band was 1.60%- KplO indicates PFGE
cluster groups; UJnique
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