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Abstract

The use of antibiotics and antimicrobial drugs played a large role in the elimination of many
infectious diseases, however the wide spread usaabf drugs has given rise to the phenomenon
of antimicrobial resistance and has rendered antidlsi ineffective to a broad range of bacteria.
The aim of the study was to ascertain the diffeesnié any in the phenotypic and genotypic
resistance profiles df. pneunoniae isolated from a single tertiary hospital in twa\aillance
studies undertaken at different times, viz., 208d 2007 with special emphasis on ESBLs. A

correlation with antibiotic use was also undertaken

ESBL positives were identified and phenotypic resise profiles were generated based on the
resistance profiles of individual isolates by meahtheir MIC data. The molecular detection of
ESBLs was carried out using representative isombessequencing was based on the phenotypic
expression of the most common ESBL genes. Thewtadssummarized using median values and
interquartile ranges. Antibiotic use and suscdibn 2000 was compared to that in 2007 using

a Wilcoxon signed rank test for paired data siheestame drugs were tested in both years.

Of the isolates that were tested, sequencing regigaiat TEM — 1 was identified in all isolates
and SHV-1 and SHV-2 were identified in 60 % in talates collected in 2000 and 77 % and 11
% respectively in the isolates collected in 200MVS- 11 was present in 67% of isolates from
2007 and 55% of those were in combination with SHY. Sequencing also revealed CTXM-15
present in one of the isolates collected in 200¥er& was 100% susceptibility to cefoxitin and

only one isolate in 2007 showing an intermediasellteto imipenem.

No novelp-lactamases were identified in this study; howetherdecrease in susceptibility over
time is proof of bacterial evolution. The varietiyf-lactamases and diversity of plasmid profiles
in these two small populations provides proof te thaim that dissemination of resistance in
Klebsiella pneumonia is effortless. Statistical analysis showed andase in resistance from the
year 2000 to 2007 however the correlation betweeradl antibiotic use and the increase in
resistance did not reach statistical significariceias observed that resistance increased despite
only a slight increase in the use of a few antibfoto which we attributed co-carriage of

resistance genes.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

1.1 Resistance and its impact

Ever since antibiotics and other antimicrobial drfigst became widely used in the World War Il

era, they have saved countless lives and eliminsgeidus complications in many diseases and
infections (NIAID, 2006). Antimicrobials are sainl be modern medicines greatest achievement.
Subsequent to the advent of antimicrobials howawany of them have not sustained the power

they initially were thought to possess and manhei have become ineffective.

Over time, the widespread use of antibiotics haslted in extensive evolutionary adaptations in
bacteria that enabled them to survive these powehfugs (NIAID, 2006) Antimicrobial
resistance has facilitated the survival of microlaesl hence the battle against disease and
infection is becoming alarmingly difficult to winAntibiotic resistance is comparable to survival
of the fittest, where the increased prevalenceesitance is as a result of evolution. Infectious
organisms have the ability to adapt very rapidlpeéev environmental conditions and just a single

random genetic mutation can facilitate bacterialetion (Philippon, Arlet and Jacoby, 2002).

It is increasingly evident that resistance has bera problem with all categories of antibiotics
and is especially so in thglactam antibiotics which include but are not liedtto penicillin,
penicillin derivatives, cephalosporins, carbapenemsphamycins, carbecephems and the
monobactams. Th@-lactam group of antibiotics is by far the larggsoup of antibacterial
agents used in clinical medicine. Their structisebased on the four-membered nitrogen-
containingp-lactam ring that gives them the antibacteriahdgtiDuerden, 1987). Th@-lactam
antibiotics have structural similarities with thimdling sites of bacterial substrates which enable
them to attach to and inactivate the transpeptiaseolved in bacterial cell wall synthesis
(Williams, 1999).

The three primary mechanisms of beta-lactam antibresistance are: i) alterations to the
structure of the antibiotic target site, ii) chasgleat prevent access of an adequate concentration
of the antibiotic to the active site, and, mosmeonly and most importantly, iii) enzymatic

inactivation of the antibiotic (Mulvey and SimoQ@). A change in the structure of the target
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may result in the inability of the antibiotic tonbi to its targetp-lactam antibiotics bind to
penicillin binding proteins (PBPs) and a changthim active site of PBPs can lower the affinity
of B-lactam antibiotics therefore increasing resistatwehese agents (Drawz and Bonomo,
2010). Preventing the access of an antibiotit¢stadarget is a resistance strategy as a result of a
permeability barrier or the presence of an effluxap mechanism (Mulvey and Simor, 2009). In
order to access PBPs on the inner plasma memifirdatam antibiotics must either diffuse
through or directly cross porin channels on thesidet of the bacterial cell wall. Point mutations
or insertion sequences in porin-encoding genespeaduce proteins with decreased function,
either a change in the porin channel size or thalation of opening and closing of porins which
lowers the permeability tp-lactams. Some organisms have evolved to expresstare efflux
mechanism that exports the antibiotics from th@ghtsm before allowing any binding to occur

(Drawz and Bonomo, 2010).

Bacteria may produce enzymes that modify or destin@ychemical structure of an antibiotic
rendering it inactive. In the case @factam antibiotics, the most effective way for tesia to
counteract the effect of these antibiotics has leproducing3-lactamases which are enzymes
that inactivate the antibiotics by hydrolyzing thdactam ring (Kong, Schneper and Mathee,
2010). B-lactamases were thought to have evolved from pimibinding proteins and the first
plasmid mediate-lactamase, TEM-1 was discovered in the early 1968radford, 2001).
Other p-lactamases were soon discovered which conferrgidtaace to the extended spectrum
cephalosporins hence these nfwvactamases were named extended-spectpdactamases
(Paterson and Bonomo, 2005). Extended-spectidactamases (ESBLs) are thofe
lactamases that are capable of conferring bactesatance to the penicillins, first-, second- and
third-generation cephalosporins and aztreonam aa@dnhibited byp-lactamase inhibitors such
as clavulanic acid (Rawat and Nair, 2010). Many fidlactam antibiotics have been developed
that were specifically designed to be resistarthéohydrolytic action of-lactamases. However
with each new class, nefitlactamases have emerged causing resistance teléisat of drug
(Bradford, 2001).

More than a thousand unique protein sequencef-ffactamases have been identified and more
are discovered yearly (Malloy and Campos, 2011)e dlassification of-latamases involve two

major approaches: the first one called the Busbhlabledeiros classification scheme is based
on the similarities in the functional charactedstof the enzyme while the second approach, the

Ambler classification scheme is based on the mddecsimilarities of the enzyme (Kong,



Schneper and Mathee, 2010). The Bush-Jacoby-Medeiassification scheme is comprised of
four groups and subgroups in which the ESBLs lplingroup 2be or 2d (Rawat and Nair,
2010) The molecular classification pflactamases is based on the nucleotide and theiprot
sequences in these enzymes. PHactamases under this classification are divided four
groups or molecular classes, A, B, C and D. Classé&s and D include enzymes that hydrolyze
their substrates by forming an acyl enzyme throaghactive site serine whereas clas$-B

lactamases make use of an active site zinc ioaditithte hydrolysis (Bush and Jacoby, 2010).

Antibiotic resistance may either be intrinsic ogaiced. Intrinsic resistance is straightforward to
treat because intrinsic mechanisms are those @btif naturally occurring genes found on the
host's chromosomes (Alekshun and Levy, 2007). Aegliesistance may occur in two ways: by
mutation which is a random event or by the tranefaresistance determinants borne on mobile
genetic material including but not limited to plads) bacteriophages, transposons, integrons,
gene cassettes and insertion sequences (Tabldhelprocess of gene transfer that disseminates
information is accomplished by transformation, cgajtion and transduction. Transformation is

the transfer of naked DNA following bacterial cédlath into receptive bacterium (Barker, 1999).

Conjugation is horizontal gene transfer by cellcel contact. Plasmids are mobile genetic
elements, which are extra-chromosomal DNA thatsfierrhorizontally within and across bacteria
via conjugation. Plasmids can also serve as vehifde transposons and integrons therefore
through plasmid conjugation bacteria are exposednt@xtensive number of genes from the
mobile gene pool. (Williams and Hergenrother, 200Bjansduction is the transfer of DNA from
one cell to another mediated by a bacteriophagecdurs as a consequence of rare errors in
phage reproduction when a small percentage of ppageles that are produced contain DNA

from the host cell in place of, or in addition keetnormal phage genome (Benrettl., 2004).



Table 1.1 Mobile Genetic Elements ( Alekshun andy, 2007)

Genetic element General characteristics Resis@eteeminants(s)

) Variable size (1 - >100kb), ) )
Plasmid ) ) - R Factor, multiple resistances
conjugative and mobilizable

Small (2kb), contains
Insertion Sequence terminal inverted repeats, an IS1, IS3, IS4 etc.

specifies a transposase

Flanked by insertion
Composite (compound) sequences and /or inverted Tn5: Kan, Bleo and Str

repeats

Large (>5kb), flanked by

short terminal inverted
Complex transposon - Tn7: Tmp, Str, Spc Thl1546:
repeats, and specifies a

Tnl and Tn3p-lactamase

) glycopeptides
transposase and recombinas

Conjugative transposon Promotes self transfer Tn916: Tet and Mino

_ A bacterial virus that can _
Transposable bacteriophage . Mutation
insert into the chromosome

Facilitates acquisition and . _
; - Class 1: Multiple single
dissemination of gene _
» determinants and MDR Class
cassettes, specifies an
Integron ) ) 2:(Tn7) Class 3:
integrase, attachment sites, o
- Carbapenems Class 4: Vibrio
and transcriptional elements _
. . spp. Super integron
to drive the expression of

Abbreviations: Bleo, bleomycin; Kan, kanamycin; Mjmrminocycline; Spc, spectinomycin; Str,

streptomycin; Tet, tetracycline; Tmp, trimethoprim.



1.2 p-Lactam Antibiotics

1.2.1 B-Lactam antibiotic mechanism of action

B-lactams are among the classes of antibioticsitierfere with specific steps in homeostatic cell
wall biosynthesis. Successful treatment with a w&lll synthesis inhibitor can result in changes
to cell shape and size, induce cellular stressoresgs, and result in cell lysis (Kohanski, Dwyer
and Collins, 2010). Bacteria rely on a heavily srtisked peptidoglycan layer for the
preservation of cell shape and rigidity. This papglycan layer is comprised of a repeating unit
of an alternate disaccharidd;acetyl glucosamine (NAG) and-acetyl muramic acid (NAM)
(Wilke, Lovering and Strynadka, 2005). A pentdjmipis attached to each NAM unit, and the
cross-linking of two D-alanine—D-alanine NAM penggpides is catalyzed by PBPs, which act as

transpeptidases (Drawz and Bonomo, 2010).

B-lactams inhibit the transpeptidation preciselythia last stage of the synthesis of the cell wall.
For B -lactams to act, it is necessary for the bacteribe in the multiplication phase, which is
when the cell wall is synthesized (Mar and Franc2863) TheB-lactam ring is stereochemically
similar to the D-alanine—Dalanine of the NAM permpfide, and PBPs incorrectly use the
lactam as a “building block” during cell wall symtis. This results in acylation of the PBP,
which renders the enzyme unable to catalyze furtterspeptidation reactions. As cell wall
synthesis slows to a halt, peptidoglycan autolgsistinues (Fig 1.1). This results in weakly
cross-linked peptidoglycan, which makes the groviagteria highly susceptible to cell lysis and
death (Drawz and Bonomo, 2010).



PBP2

J) Disaccharide unit {glycan) v Antibiotic, e.g. Penicillin

Pentapeptide and cross bridge =3 Transgiycosylation
—> Transpedtidation

Fig 1.1 Schematic representation of antibiotic na@i$m of action illustrating the breaking of the

cross-linked peptidoglycan bridge (Depardital., 2007)

After 70 years of clinical use, which began witle tdministration of penicillin to a patient with
staphylococcal sepsis in 1944 ,-lactam antibiotics have become frequently présdi The
continual rise of resistance and the progress ierstanding its molecular mechanisms has
further augmented interest and has led us to digctive wealth of information on each
component of this family of antibiotics (Mar andaRcesc, 2003). They all hav@ gactam ring,
which can be hydrolyzed [ftlactamases. The groups differ from each otherdut@nal rings,
e.g. thiazolidine ring for penicillins, cephem reig$ for cephalosporins, none for monobactams

and double ring structure for carbapenems (SamdbarKand Araj, 2003).

1.2.2 Penicillins

In 1921, Alexander Fleming a Scottish bacteridggsuffering from a common cold, inoculated
agar plates with his own nasal secretion to detenthe change of his nasal bacteria. No
colonies appeared for several days. This suggélseegresence of a substance that affected the
ability of bacteria to grow. The substance, inijiahamed lysozyme was found to be very
effective causing cell wall lysis in many Gram-give bacteria. (Kong, Schneper and Mathee,

2010). In 1928, Fleming noted that a culture d¥enicillium notatum, a contaminating mould,



produced a substance that inhibited the growt&aghylococcus aureus and this substance was
so named penicillin (Henderson, 1997). Due todtfiiculties of production and purification,
penicillin was not used in the treatment of infent until 1941 where penicillin was produced in

sufficient quantities to conduct clinical trials (ight, 1999).

Penicillins contain g3-lactam ring and a thiazolidine ring to form 6-aopenicillanic acid
creating the characteristic double ring (Figure).1They also have a side chain, which varies
among penicillins, in position 6 of tifelactam ring and that is what defines their prapsr{Mar
and Franchesc, 2003).Tifidlactam nucleus, 6-aminopenicillanic acid 6-APA y&0 to be the
key in penicillin synthesis and modification. Thegfter, semi-syntheti-lactam compounds have

been developed continuously and systematically ¢K&thneper and Mathee, 2010).

Natural penicillins were the first agents in thanipélin family to be introduced for clinical use.
Benzylpenicillin, or Penicilin G are the parentuds of this family and have been used
extensively. The natural penicillins proved to hiially very successful and it was this success
that led to the development of the penicillinasgstance penicillins; methicillin, oxacillin,
nafcillin, dicloxacillin, cloxacillin and flucloxattin (Wright, 1999). Methicillin was the first
semi-synthetic penicillin to be introduced intondial use then followed the replacement of
methicillin by nafcillin and oxacillin as it was doad that these two penicillins were similar in
their effectiveness (Wright, 1999).

Further manipulation of the basic penicillin stwret introduced penicillins which had an
extended activity against gram-negative bacilli. e3d are the aminopenicillins,
carboxypenicillins and ureidopenicillins. Aminopeiliins are water soluble and pass through
porin channels in the cell walls of some gram nggadrganisms (Gallagher and MacDougall,
2011). This group of penicillins has a broadeitmuterial spectrum because they have a better
capacity to penetrate the porins of gram negataadsia (Mascaretti, 2003). Extended spectrum
penicillins were developed with the goal of tregtiinfections caused byPseudomonas
aeruginosa, and include the carboxypenicillins and the urpglucillins (Chevez-Bueno and
Stull, 2009).

The carboxypenicillins consist of carbenicillin atichrcillin; the substitution of a carboxyl group
for the amino group on ampicillin produces carbidiiand the subsequent substitution on the

carbenicillin produces ticarcillin (Wright, 1999)Unlike ampicillin, carbenicillin and ticarcillin



are not very active against enterococci becaupeaf binding to their PBPs (Chevez-Bueno and
Stull, 2009). The ureidopenicillins are semisytitheerived from the ampicillin molecule with
acyl side chain adaptations. They have enhanceabiaegram-negative activity including anti-
pseudomonal activity. Included in this group arezlmgllin, azlocillin and piperacillin (Chevez-
Bueno and Stull, 2009). Their enhanced activitgroother penicillins is attributed to their
structure which allows greater penetration of tk# wall and the increased affinity to PBPs
(Wright, 1999). Due to the structure of penicillimsd the ability to adapt their side chains, it has

been possible to extend the antibacterial speobfuimese antibiotics.

= OCH, NH2
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Figure 1.2 Chemical structure of the various pdimsifound in this family. 1 — Benzyl penicillin
(a —B-lactam ring, b — Thiazolidine ring, c — variabldeschain), 2- Methicillin, 3- Ampicillin, 4

— Carbenicillin and 5 — Piperacillin. ( Drawz andri®mo, 2010).



1.2.3 Cephalosporins

The cephalosporin ring structure is derived fromnfinocephalosporanic acid. Cephalosporins
contain the basic beta-lactam ring but the cepbpalas structure allows for more gram negative
activity than the penicillins (Duerden, 1987). Ré#lins and cephalosporins have the same four-
member beta-lactam ring, but cephalosporins havadditional atom in the side ring. (Harrison
and Bratcher, 2008). The cephalosporin basic tstreaconsists of a cephem nucleus, which
consists of a dihydrothiazine ring instead of thmzolidine ring characteristic of penicillins.
Specific modifications in the acyl side chains iesu different cephalosporins (Figure 1.3.2),
(Mar and Franchesc, 2003). Most cephalosporindarad-spectrum compounds, affecting both
Gram positive and Gram negative bacteria; howevajomdifferences in their spectra exist.
(Livermore and Williams, 1996).

Cephalosporins are classified by generation. Layesreration cephalosporins have more gram-
positive activity and higher-generation cephaloBmihave more gram-negative activity. The
fourth generation drug cefepime is the exceptiotht rule due to the gram-positive activity
being equivalent to first-generation and gram-riggaactivity equivalent to third-generation
cephalosporins. Individual cephalosporins in thehbr generations have differentiating

properties that may warrant specific indicationarftison and Bratcher, 2008).

The first generation cephalosporins are moderatetgpm agents, with a spectrum of activity that
includes penicillinase-producing, methicillin-sugtible staphylococci and streptococci. The
first two cephalosporins to be introduced into ickt practice were cephalothin and cephaloridine
(Duerden, 1987). The intrinsic activity of ceplsdorins in the first generation against Gram-
positive cocci is similar to that of benzylpenicilland is sustained against producerspof

lactamases (Livermore and Williams, 1996).

The second generation cephalosporins have a gi@aaen-negative spectrum while retaining
some activity against Gram-positive cocci. Becaoisgreater stability against beta-lactamases,
enhanced activity occurs among second-generatipmadesporins (Harrison and Bratcher, 2008).
The second-generation cephalosporins include batnat limited to cefamandole, cefonicid,
ceforanide, and cefuroxime. Although cefoxitin,atetan, and cefmetazole are also included in
this class, these agents are technically considegpthamycins because of their methoxy side
chain at C7.



These antibiotics are usually active against thenesaorganisms as the first-generation
cephalosporins, but they have more activity agatestain aerobic Gram-negative bacteria and

Haemophilus influenzae (Kalman and Barriere, 1990)

Third generation cephalosporins have a broad speadf activity and further increased activity
against Gram-negative organisms. Some memberssofjithup have decreased activity against
Gram-positive organisms (Mandell, 1990). Two of tml third generation cephalosporins,
cefixime and ceftibuten have an advantage ovemther oral cephalosporins because of their
greaterp-lactamase stability and their Gram negative cayeraCefexime however has poor
activity against staphylococci and is only mardinalctive against pneumococci (Harrison and
Bratcher, 2008). The parenteral 3rd-generation alggiporins are generally less active against
staphylococci and susceptible to first generatiephalosporins, but they have an expanded

spectrum of activity against Gram negative bact@gaman, 1990).

Fourth generation cephalosporins are extendedsspechgents with similar activity against
Gram-positive organisms as first-generation cepmalons. They have a greater resistance to
beta-lactamases than the third generation ceplaiosp They are also used against

Pseudomonas aeruginosa (Kalman, 1990).

COOH
a:p-Lactam ring
h:Dihydrothiazinoring
c: Acyl Side chain

Fig 1.3. Representative structure of Cephalospiitstrating the commorf-lactam ring, a
feature shared with the Penicillins, the Dihydratine ring and the Acyl side chain which may

be altered to create the different generationsW2@nd Bonomo, 2010).
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1.2.4 Carbapenems

The carbapenems afelactam antimicrobial agents with an exceptionddlpad spectrum of
activity. Carbapenems are stable to nfatictamases including AmpC beta-lactamases and the
extended-spectrum beta-lactamases. These drugaumid be one of the most active classes of
antibiotics against many resistant pathogens. (€hetral., 2007). Carbapenems are related to
penicillin (penam) and cephalosporin (cephem). Tdiffgr from the penams by the presence of a
carbon at position 1 instead of a sulphur, andtungtion in the 5-membered ring (Devasahayam
et al., 2011). Among the many different structurally mhist classes off-lactams, the
carbapenem class is considered to be the most tpatehto have the widest spectrum of
antimicrobial activity (Shah, 2008).

Carbapenems are capable of passing through poriastér wall of Gram negative bacteria and
have a high affinity to PBPs. This class of antic®consist of imipenem, meropenem ertapenem
and doripenem whose broad spectrum of activityuithe$ activity against many Gram-positive,
Gram-negative and anaerobic bacteria (Zhahal., 2007). Imipenem (Fig 1.4) was licensed in
1984 in Germany. It was more than 10 years bef@ecand carbapenem, meropenem (Fig 1.4),
was licensed in 1995, while ertapenem (Fig 1.4) limnsed by the European Community in
2002 (Shah, 2008). Doripenem, the newest additiothis family of antibiotics is a synthetic
antibiotic that is structurally related fdlactam antibiotics. This compound is stable in the
presence of-lactamases and is resistant to inactivation balrdehydropeptidases. Doripenem,
like the other carbapenems, inhibits bacterial walll synthesis by inactivating essential PBPs,
ultimately causing cell death (Greer, 2008). Ipisbable that due to the activity of these drugs

additional carbapenems will be developed to adtitoclass of antibiotics.
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Fig 1.4 Carbepenems: Imipenem, Meropenem and Evgmpellustrating the characteristf

lactam ring (circled) and the carbon in the fivemtred ring in place of the sulphur in the

cephalosporins and the penicillins (Shah and Is£2063).

1.3 B-Lactamaseinhibitors

B-Lactamase inhibitors are structurally related émipillin, retaining the amide bond of tife
lactam group of the parent compound, but with a iffestiside chain (Figure 1.5). The three
Class A-lactamase inhibitors clinically used; are clavidaacid, sulbactam and tazobactam
(Babic, Hujer and Bonomo, 2006). These three ateiase inhibitors, acting lifelactams,
bind to the active site d¢f-lactamases but fail to be efficiently hydrolyzéustead, they undergo
“inactivation kinetics” in which the acyl-enzymeroplex is either hydrolyzed very slowly and
produce chemical changes that allow irreversibtalinig to the enzyme (Perez-Llarena and Bou,
2009). Carbapenems, monobactams and cephalosparigsshown inhibition activity against
class Cp-lactamases and even selectively clas$-factamases, however their selection for
inhibition coupled with increasing resistance amdhgm do not technically render thee

lactamases inhibitors (Perez-Llarena and Bou, 2009)
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Fig 1.5 Chemical structure of Class B-Lactamase inhibitors. All members have the

characteristi@-Lactam ring with modified side chains (Perez-Llamal Bou, 2009).

1.3.1 Clavulanic acid

Clavulanic acid inhibits many molecular class Flactamases, including staphylococcal
penicillinases, the most prevalent plasmid-medifitémctamases of Gram-negative rods, and the
chromosomal enzymes fromacteroides fragilis, Proteus wulgaris, and Citrobacter diversus
(Livermore and Williams, 1996). Clavulanic acid wiag first B-lactamase inhibitor introduced
into clinical medicine and was isolated fr@meptomyces clavuligerus in the 1970s. Clavulanate
showed little antimicrobial activity alone, but wheombined with amoxicillin, clavulanate
significantly lowered the amoxicillin MICs again§&aphylococcus aureus, K. pneumoniae,

Proteus mirabilis, andEscherichia coli (Drawz and Bonomo, 2010).

Clavulanic acid thus has inconsequential intrireitimicrobial activity, despite sharing tife
lactam ring that is characteristic of beta-lactamtibéotics. Clavulanic acid lacks the side chain
bound to the C-6 atom that is characteristi@ddictam antibiotics, and it also has an exocyclic
substituent attached to the C-2 atom (Perez-LlamhBou, 2009). The similarity in chemical
structure, however, allows the molecule to act asompetitive inhibitor of beta-lactamases
secreted by certain bacteria to confer resistambeta-lactam antibiotics. This inhibition restores
the antimicrobial activity of beta-lactam antibasti againstp-lactamase-secreting resistant

bacteria (James and Gurk-Turner, 2001).
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1.3.2 Sulbactam

In 1978, Pfizer laboratories synthesised the pksnic acid sulphone known as sulbactam. This
represents an important difference with respedawulanic acid, as the former was obtained by
semi-synthesis. This compound shows very good laetamase-inhibitory activity, mainly
against class A beta-lactamases (Perez-Llana amg Ba09). Sulbactam is an irreversible
inhibitor of beta-lactamase; it binds the enzymel aloes not allow it to interact with the
antibiotic. Sulbactam is able to inhibit the mostrenon forms of beta-lactamase but is not able
to interact with the ampC cephalosporinase. Thusrifers little protection against bacteria such
as Pseudonmonas aeruginosa, Citrobacter, Enterobacter, and Serratia, which often express this

gene (James and Gurk-Turner, 2001).

1.3.3 Tazobactam

Tazobactam was reported in 1987, it was also obdaiia semi-synthesis as an inhibitor with
good affinity to most class A and some class D dmttamases and with moderate affinity to
class (B-lactamases (Perez-Llana and Bou, 2009). Its nmésmaof action is very similar to that

of clavulanic acid and sulbactam which can acteeitteversibly or transiently (Drawz and
Bonomo, 2010). It is a compound which inhibits #otion of bacteriap-lactamases. It broadens
the spectrum of piperacillin by making it effecti@gainst organisms that exprskctamase and

would normally degrade piperacillin. Tazobactardism is a derivative of the penicillin nucleus

and is also a penicillanic acid sulfone (James@uk-Turner, 2001).
1.4 B-Lactamases
B-lactamases are among the most heterogeneous gfagsistance enzymes. The number of

unique protein sequences f@rlactamases have exceeded 1000 (K. Bush and Gbylaco

http://www.lahey.org/Studies/2012. These globular proteins are composedpbiaahelices and

beta—pleated sheets. Two systems are commonly tosethssify B -lactamases: the Ambler
scheme and the Bush- Jacoby-Medeiros scheme asasimmchin Table 1.2. Both of these

classification schemes are used interchangealheiliterature. (Pereg al., 2007).

As previously mentioned extended spectrum betanaases or ESBLs are thg$dactamases

conferring resistance to a wide arraypofactam antibiotics. ESBL-producing organisms pose
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unigue challenges to researchers and cliniciane $lrese ESBLs are enzymes that are capable of
hydrolyzing penicillins, broad-spectrum cephalogmand monobactams (Rupp, 2003). Class A
and Cp-lactamases are the most common and have a sesidee at the active site as do class D
B-lactamases. Class B compromises the mefaléxtamases (Jacoby, 2005). Classes A, C and
D share a similar fold (Figure 1.6) and all haveechanism that involves creation of a serine
nucleophile by de-protonation of an active sitéreewith a general base, nucleophilic attack of
thep-lactam ring to form an acyl-enzyme intermediate] hydrolysis of the intermediate using a

general base activated water molecule. (Wilke, kiogeand Strynadka, 2005).

. X _F
Class C E coli AmpC B-lactamase Class D OXA-1 B-lactamase

Fig 1.6 Schematic representation of Class A, B,nd B B-lactamases illustrating the fold

structures of thesglactamases (Drawz and Bonomo, 2010).

Ambler Class A enzymes (Bush Group 2) are pemieifies that are susceptible to beta-lactamase
inhibitors. The TEM-1 and SHV-1, the extended speuntbeta-lactamase precursors in group 2b,
are the beta-lactamases usually foundEstherichia coli and K. pneumoniae that confer

resistance to penicillins, ampicillin and piperhgi(Babic, Hujer and Bonomo, 2006).
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Table 1.2 Revised Classification System of bettéalaases including the Molecular class scheme (Basth Jacoby, 2010).

Bush-JTacoby Bush-Jacoby- Inhibited by

group Medeiros Mol.-\:(,tui?‘l f]‘m’ Distinctive substrate(s) Defining characteristic(s) Rc\pru:mn\la}n-a.
(2009)  group (1995)  (Subclass) CA or TZB* EDTA enzyme(s)

1 1 C Cephalosporins No No Greater hydrolysis of cephalosporins  E. coli AmpC, P99,
than benzylpenicillin; hydrolyzes ACT-1, CMY-2,
cephamycins FOX-1, MIR-1

le NI? C Cephalosporins No No Increased hydrolysis of ceftazidime  GC1, CMY-37
and often other oxyimino-B-
lactams

2a 2a A Penicillins Yes No Greater hydrolysis of pPCl
benzylpenicillin than
cephalosporins

2b 2b A Penicillins, carly cephalosporins Yes No Similar hydrolysis of benzylpenicillin - TEM-1, TEM-2,
and cephalosporins SHV-1

2be 2be A Extended-spectrum Yes No Increased hydrolysis of oxyimino-B-  TEM-3. SHV-2,

cephalosporins, lactams (cefotaxime, ceftazidime. CTX-M-15,
monobactams ceftriaxone, cefepime. aztreonam) PER-1, VEB-1
2br 2br A Penicillins No No Resistance to clavulanic acid, TEM-30, SHV-10
sulbactam. and tazobactam
2ber NI A Extended-spectrum No No Increased hydrolysis of oxyimino-B-  TEM-50
cephalosporins, lactams combined with resistance
monobactams to clavulanic acid, sulbactam, and
tazobactam

2c 2c A Carbenicillin Yes No Increased hydrolysis of carbenicillin - PSE-1, CARB-3

2ce NI A Carbenicillin, cefepime Yes No Increased hydrolysis of carbenicillin, RTG-4
cefepime, and cefpirome

2d 2d D Cloxacillin Variable No Increased hydrolysis of cloxacillin or OXA-1, OXA-10
oxacillin

2de NI D Extended-spectrum Variable No Hydrolyzes cloxacillin or oxacillin OXA-11, OXA-15

cephalosporins and oxyimino-g-lactams

2dt NI D Carbapenems Variable No Hydrolyzes cloxacillin or oxacillin OXA-23, OXA-48
and carbapenems

2e Ze A Extended-spectrum Yes No Hydrolyzes cephalosporins. CepA

cephalosporins Inhibited by clavulanic acid but
not aztreonam

2f 2f A Carbapenems Variable No Increased hydrolysis of KPC-2, IMI-1,
carbapenems, oxyimino-B-lactams, SME-1
cephamycins

3a 3 B (B1) Carbapenems No Yes  Broad-spectrum hvdrolysis including  IMP-1, VIM-1,
carbapenems but not CerA, IND-1
monobactams

B (B3) L1, CAU-1. GOB-
1, FEZ-1

3b 3 B (B2) Carbapenems No Yes  Preferential hydrolysis of CphA, Sth-1
carbapenems

NI 4 Unknown

“ CA. clavulanic acid; TZB. tazobactam.

£ NI. not included.
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The first plasmid-mediatef-lactamase in Gram-negative bacteria, TEM-1 wasriex] in

the early 1960s. It was so designated becausestisadated from the blood culture of a
patient named Temoniera in Greece (Rawat and [R8iQ). The SHV-lactamase found
primarily in K. pneumoniae, was named from the ternsuifhydryl reagentvariable”, was
discovered shortly after (Drawz and Bonomo, 201®)bgroup 2bp-lactamases readily
hydrolyze penicillins and early cephalosporins hsas cephaloridine and cephalothin, and are
strongly inhibited by clavulanic acid and tazobact& hey include the TEM-1, TEM-2 and
SHV-1 enzymes (Bush and Jacoby, 2010). Subgroup 2omprises ESBLs, ‘e’ denoting
extended (Table 1.2). These broad-spectrum enzyetas the activity against penicillins
and cephalosporins of subgroup Rdactamases and in addition hydrolyze one or more
oxyimino- B-lactams, such as cefotaxime, ceftazidime, anceamzéim. The first and largest
subset of subgroup 2be was derived by amino agidtgutions in TEM-1, TEM-2, and SHV-

1 that broadened their substrate spectrum (Busilacaby, 2010). As with TEM, SHV-type
ESBLs have one or more amino acid substitutionsratahe activsite (Jacoby, 2005). More
than 150 varieties of SHV are currently recogninadthe basis of unique combinations of

amino acid replacements.

The third largest group of ESBLs after the TEM &tdV groups is the CTX — M enzymes.
Based on sequence homology, these are dividediwetgsubgroups with around 40 members.
Most of these subgroups have evolved as a resutheofchromosomap-lactamase genes
escaping fronKluvera spp. Having migrated to mobile DNA, the CTX-BtHactamases may
evolve further (Rawat and Nair, 2010). Unlike md&tM and SHV-derived ESBLs, CTX-M
beta lactamases hydrolyze cefotaxime and ceftrievh@tter than they do ceftazidime. It also
appears that CTX-M enzymes are more readily indiblby tazobactam than they are by
clavulanic acid (Pere=zt al., 2007). According to studies conducted by Rawat Had
(2010), it has been suggested that the CTX-M-tyBBIES may now actually be the most
frequent ESBL type worldwide.

K. pneumoniae carbapenemase (KPC) is an Ambler clas$-lactamase which confers
resistance to ap-lactam agents, including carbapenems (Kitchel,dBuand Patel, 2009).
The first detection of blakpc-positiveK. pneumoniae (KPC-Kp) isolate was in 1996 in North
Carolina. This klebsiella isolate was resistantatiop lactams, but carbapenem minimum
inhibitory concentrations (MICs) were slightly deased after addition of one of tiffe
lactamase inhibitors, clavulanic acid. The discgvef this plasmid encodefl-lactamase,
KPC-1, was followed by several publications of deotsingle amino acid variant, KPC-2, in
hospitalised patients from the east coast of thé f$ordmann, Cuzon and Naas, 2009).

KPC B-lactamases have been identified in m&mgerobacteriaceae amseudomonas spp.;
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however,K. pneumoniae still remains the most common species posseshiegetenzymes
(Endimianiet al., 2009). Since its emergence in North Carolina, KACH&s caused serious
outbreaks in several countries including Israel @hdha

Ambler class B (Bush Group 3) enzymes are metadlatactamases (MBLs) that use one of
two zinc (Zn2+) atoms for inactivating penicillireand cephalosporins suggesting that the
MBLs are likely to have evolved separately from ¢tleer Ambler classes, which have serine
at their active site (Drawz and Bonomo, 2010). MBueye first formally categorized from
serinef-lactamases in 1980 in the classification scherpgsed by Ambler. In 1989, Bush
further classified MBLs into a separate group (@ra8) according to their functional
properties and remains the recommended referersyisigm for-lactamases. This scheme
was primarily based on substrate profiles, themsgwity to EDTA, and their lack of

inhibition by sering3-lactamase inhibitors (Wals# al., 2005).

In bacteria, MBLs confer resistance to carbapenesyhalosporins and penicillins. The class
B B-lactamases are completely distinct from the sefhf@ctamases in terms of sequence,
fold and mechanism. There are three subclassdassf B MBLs (B1 to B3). Classes B1 and
B3 are able to bind one or two zinc ions, wherbdasdass B2 enzymes appear to be mono-
nuclear (Wilkeet al., 2005). In the bi-nuclear MBLs, the zinc ions preximal to each other
and are separated by a bridging hydroxide that been proposed to be the attacking
nucleophile inf-lactam hydrolysis. The class B1 and B3 MBLs cao dlnction as mono-
nuclear enzymes, in which a single zinc ion (thetupies the Znl site) coordinates the
nucleophilic hydroxide; it has been suggested thé& mechanism predominates in the
presence of substrate under physiological conditiMvilke et al., 2005). The MBLs have
poor affinity or hydrolytic capability for monobachs and are not inhibited by clavulanic
acid or tazobactam. Instead, they are inhibitednayal ion chelators such as EDTA (Bush
and Jacoby, 2010).

Ambler class C enzymes (Bush Group 1) include tm®mosomally encoded AmpC type
beta-lactamses found i€itrobacter freundii, Enterobacter aerogenes and Enterobacter
cloacae (Babic, Hujer and Bonomo, 2006). Characteristyc#linpC (-lactamases provides
resistance to cephamycins as welt@sxyimino{3-lactams and are resistant to inhibition by
clavulanicacid (Jacoby and Munoz-Price, 2005). The sequehtteeampC gene fronk. coli
was reported in 1981. It differdcbm the sequence of penicillinase-tyjpéactamases sucis
TEM-1 but, like them, had serine at its active qidacoby, 2009). The chromosomally
encodedB-lactamases have been a subject of intense stadg #he 1980s. Most of these

enzymes are cephalosporinases that are capable ydfolyring third generation
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cephalosporins. The chromosonfadactam hydrolyzing genempC, of Escherichia coli K-

12 was first to be cloned and sequenced (Kengl, 2010). Plasmid-mediated Amp(&
lactamases have been found worldwide but are lessmon than extended-spectryin
lactamases, and i&. coli, they appear to be less often a cause of cefaaiistance than an
increased production of chromosomal Amfdactamase (Jacoby, 2009). AmpC enzymes
encoded by both chromosomal and plasmid genesvaleireg to hydrolyze broad-spectrum
cephalosporins more efficiently and according tocimof the literature there needs to be
improvements in clinical detection of these enzyrfest the intensity of their resistance

mechanisms be underestimated (Jacoby, 2009).

OXA, an abbreviation for oxacillin-hydrolyzingrlactamases, represented one of the most
prevalent plasmid-encoddglactamase families in the late 1970s and early0$98ueenan
and Bush, 2007). Ambler class D (Bush group 28, serineB-lactamases that are able to
hydrolyze oxacillin. The OXA enzymes dicinetobacter baumannii and P. aeruginosa
represent the most structurally diverse and rapgilgwing group of beta-lactamases.
Depending on the OXA enzyme, these beta-lactamaseter resistance to penicillins,
cephalosporins, extended-spectrum cephalosporinsA{@pe ESBLS) or carbapenems
(OXA-type carbapenemases). OXA enzymes are relgtivesistant to clavulanic acid
inactivation, but are inhibited by sodium chlori(@abic, Hujer and Bonomo, 2006). Some

confer resistance predominantly to ceftazidimeddsc2005).

1.5 ESBLsin South Africa and Africa

ESBLs are now a problem worldwide but the phenomdnegan in western Europe most
likely because that is where ESBLs were first usddically (Bradford, 2001). The
epidemiology of ESBLs vary among institutions, Mege al., (2007), reported SHV and
TEM type ESBLs in Pretoria Academic Hospital. E$saHall and Livermore, (2004)
reported the presence of fifielactamase genes in a single South Afri¢dnpneumonia
isolate. Several outbreaks of infections with ESBbeducingKlebsiella have been reported
from South Africa previously. In 2006, carbapenasistant, ESBL producing. Pneumonia
were detected in Cape Town and this has led t@relsers in other institutions investigate the

prevalence of these enzymes (Megteal ., 2007).

In 2008, Govinderet al., reported TEM-63 irSalmonella spp. which was first reported by
Essaclket al., (2001) inK. pneumonia isolates. The same study included the present&bf
— 131 and TEM-116, the latter, reported for thstfirme in South Africa irSalmonella spp.
Those multi-drug resistant strains $#flmonella spp. also harbored SHV, CTX-M, OXA and
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CMY type B-lactamases in unique combinations which was aaacerrence as well as the
discovery of CTX-M-37 being reported for the fitghe in South Africa (Govindesmt al.,
2008). Another study investigating tidactamases . coli in state hospitals in Kwa-Zulu
Natal in 2009 also revealed a great deal of diyers p-lactamase genes reporting CMY,
SHV, OXA, CTXM, TEM as well as two novel inhibitoesistant TEM3- lactamases, TEM-
145 and TEM 146 (Mocktat al., 2009).

ESBLs have also been documentedsiael, Saudi Arabia, and a variety of North Africa
countries. Outbreaks oKlebsella infections with strains resistant to third-genemati
cephalosporinbave been reported in Nigeria and Kenya withouindefe identificationof
the ESBL (Paterson, 2005). Okesola and Makanj@{209) reported a notable increase in
resistance irKlebsiella spp., with69 % of the isolates tested showing restsato third
generation cephalosporins. A novel CTX-M enzyme XéM-12) has been found in Kenya.
Characterization of ESBLs fro®outh Africa has revealed TEM and SHYV types (esilgci
SHV-2and SHV-5). (Paterson, 2005)

1.6 Dissemination of Resistance Deter minants

1.6.1 Transduction

Transduction occurs when viral particles, knownbasteriophages, pick up chromosomal
DNA from the donor bacteria and transfer it to pgamnt cells by infection (Figure 1.7),
(Lartigueet al., 2007). Transduction is responsible for some ofttaesfer of bacterial drug
resistance genes among clinical strainsStaphylococcus aureus. Fragments of bacterial
genomes or small bacterial plasmids can be mowd bne bacterial cell to another in this
way. Survival of the DNA in the new cell requiregher ‘rescue’ by recombination or the
transferred DNA must be able to replicate indepetigen its new host. If the DNA is a
linear fragment of a larger replicon, such as grfrant of the chromosome of the cell in
which the phage reproduced, then any genes onllibnly survive if they are rescued by
recombination (Bennett al., 2004). Homologous recombination is a DNA metabpliacess
that provides high fidelity, template dependentiepr tolerance of complex DNA damages.
It plays a prominent role in authentically duplingtthe genome by providing critical support
for DNA replication (Li and Heyer, 2008).
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Fig 1.7 lllustration of the process of transductwhere bacteria may become antibiotic
resistant (Abr) when they acquire the target gehehlvmay have a mutation (Alekshun and
Levy, 2007).

1.6.2 Transformation

Transformation refers to the process of bactekimgpup ‘naked’ or ‘free’ DNA (Figure 1.8).
This DNA is generally recombined into the recipiecitromosomes to form genetic
recombinants (Lartiguet al., 2008). This mechanism involves only DNA and reegiithe
release of DNA from the donor cell, by cell lysftea which the gene must be rescued by the
recipient cell so to prevent degradation (Benmetal., 2004). Simply, a whole bacterial
genome or fragments of the genome from one sp&igansformed into another bacterial
species, which results in new cells that have #m®otype and the phenotype of the input
genome (Lartiguest al., 2008). The antibiotic resistance may thereforeabmsult of the
bacteria acquiring foreign genetic material andiporating free DNA segments into their

chromosome (Alekshun and Levy, 2007).
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Fig 1.8 lllustration of the process of transforraatiwhere bacteria may acquire resistance

genes by incorporating segments into their chromes@\lekshun and Levy, 2007).

1.6.3 Conjugation

Conjugation (Figure 1.9) is a key mechanism forizwntal gene transfer in bacteria, this
allows bacteria to acquire genes for antibiotiastasice as well as other attributes (Babic et
al., 2008). In the case of transduction and t@ngdtion, these two mechanisms depend on
the recipient to participate in the process via bloigous recombination; conjugation requires
the participation of either a conjugative plasmidacconjugative transposon, each of which
encodes a DNA transfer system that has evolvedpézifically mediate this horizontal
transfer (Bennett et al., 2004,). An important fieatof conjugation is that a single donor cell
can convert a population of recipient cells to donells especially in the spread of an
outbreak (Frost and Koraimann, 2010). In additmfunctions involved in their replication
and transfer, plasmids have been known to encosistaace to one or many antibiotics.
Some plasmids can transfer between different spesleereas others are confined to one
genus or species. Therefore a plasmid does nottogedide only in a particular host in order

to contribute to the spread of resistance (van Haell., 2011).
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Fig 1.9 lllustration of bacterial conjugation invmlg the transfer of genetic material vis

plasmids or conjugative transposons (Alekshun a1 2007).

1.6.4 Mobile genetic elements

These plasmids and transposons are referred toobhsengenetic elements. Mobile genetic
elements fall into two types: elements that can enbwm one cell to another such as
plasmids and conjugative transposons and elemdrds dan move from one genetic
localization to another in the same cell such assposons, gene cassettes and insertion
sequences (IS) (Bennett, 2009).

Plasmids have been described as small, auxiliaspedsable chromosomes. Conjugative
plasmids are plasmids that are able to promote then transfer and the transfer of other
plasmids from one bacterial cell to another Inegal; they exist separately from and are
replicated independently of the main bacterial ohweome (Bennett, 2009). Transposons

are essentially ‘jumping gene’ systems that incoapa resistance gene within the element.
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They come in many forms, recognized by structuenetjc relatedness and mechanism of
transposition and can carry a variety of resistayerges (Bennett al., 2004). Transposons
belong to the set of mobile elements called trasable elements that encompass small
cryptic elements called insertion sequences (B&np@09). Insertion sequence elements are
small and may vary in size between 0.8 and 2.5rkbthey encode very specific functions
required for their transposition. IS elements maydresent in one or several copies and
contained on plasmids, or chromosomes and they resste on the conjugative plasmid for

intercellular transfer (Depardie al., 2007).

Integrons are elements that are capable of ingemixcision and expression of gene cassettes
(Grapeet al., 2005). They comprise a site-specific recombinatigstem that recognizes and
captures mobile gene cassettes. An integron insladgene for an integraset] and for an
adjacent recombination sitat{]) (Fluit and Schmitz, 2004). A gene cassette snall
autonomous, non-replicating, double-stranded, lErc®NA molecule found on integrons
(Bennett, 2009). Integrons can be divided into tyvoups: Resistance Integrons (RIs) and
Super Integrons (Sls). Rls carry gene cassettétitade resistance against antibiotics and
are primarily located on the chromosome or the rpids The SI group is large and
chromosomally-located with gene cassettes whictiatora variety of functions (Fluit and
Schmitz, 2004). The insertion of a gene casssttrictly oriented so that the start of the
gene carried by the cassette is the neantsGene cassettes can be inserted one after the
other into the integron insertion sitattl, therefore producing impressive resistance gene
arrays (Bennett, 2009).

The four classes of integrons so far identified dass 1, 2, 3 and 4. They are distinguished
by their respective integrasent) genes. Class 4 is a distinctive class of integiorated in
the Vibrio cholerae genome and is not known to be associated withbiatii resistance
(White, Mclver and Rawlinson, 2001). Most RI comis to a structure known as a class 1
integron (Figure 1.10). Class 1 integrons have beported in many gram negative bacteria

including K. pneumonia (Fluit and Schmitz, 2004).
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Gene Cassetie

Fig 1.10 A schematic representation of a clasgégnon with a gene cassette. P1, promoter
for the transcription of gene cassettes; P2, skg@yomoter that is usually inactive; int,
integrase gene; attll, the integration site; g@eitially deleted gene that encodes quartenary
ammonium compound (disinfectants and antiseptiosistance; sull, sulphonamide
resistance; attC, sequence on the gene casseigmized by the integrase (Fluit and Schmitz,
2004).

Broad spectrunf-lactam antibiotics were introduced in 1981 andrdyafter their release,
ESBL producing organisms were discovered in Germar}983. To date the rise of these
infections has become significant enough for itbt recognized and in recent years the
phenomenon of multi drug resistance (MDR) has braeed (Hyle et al., 2005). MDR can
be defined as the resistance to multiple antilsadicd or other antibiotic classes in addition to
thepB-lactam antibiotics (Zhao et al., 2010). As prexly mentioned, class 1 integrons make
up the majority of the integrons found in clinicsblates and they have been associated with
MDR in hospital settings (Leverstein van Hall, ¢ 2003). Much of the literature has
associated class 1 integrons with MDR due to time gassettes expressing the gacE and the
sull genes. MDR has been described particularliC.irpneumonia isolates by Zhao et al.,
(2010). They discovered that more than 27 plasimid& pneumonia isolates were found to
carry genetic determinants for MDR. Another studyrfd metallg3-lactamases embedded in
gene cassettes on a class 1 integron specificatlyl. pneumonia isolate that showed MDR

previously (Zhao et al., 2010)
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1.7 K. pneumonia

K. pneumonia has been a known human pathogen since the lateeenig century when it
was first isolated by Edwin Klebs. It is often eallFriedlander's pneumonia, in honor of the
first man who identified it as a significant regpory pathogen back in 1882. Although
Klebsiella is most often thought of as a nosocomial pathogean also be a cause of serious
infection acquired outside the hospital (Prirteal., 1997).Klebsiella is a Gram-negative,
non-motile and rod-shaped bacterium, which can livewater, soil and plants and is
pathogenic to humans and animals (Zkial., 2010). Klebsiellae are protected from drying
by their capsule and so survive better than oEeerobacteriaceae on skin and fomites,
facilitating cross-infection (Yuaet al., 1998). It is a common hospital-acquired pathogen,
causing urinary tract infections, nosocomial pnenim@nd intra-abdominal infections (kb
al., 2002). A geographic difference in this organisns hmeen recognized and several
outbreaks of various infections have been docurdentExtensive use of broad spectrum
antibiotics in hospitalized patients has led tohbaoicreased carriage dflebsiella, and
subsequently, the development of MDR strains thadyce ESBLS (Zhaet al., 2010).

Until the mid-1980s, resistance to broad spectrgitactam antibiotics wa&nown to be
limited to organisms with inducible chromosormddctamase genes; this form of resistance is
not transmissible (Jairet al., 2003) It was a surprise when a specieskKdébsiella with
plasmid-mediated resistantweextended-spectrum cephalosporins was isolat&kmanyn
1983, and in the following year, similar resistantélebsiellawas reported in France (Jain
et al., 2003). Being encoded on plasmids enables thesaraszyo be easily transmissible
from one organism to anothéf. pneumoniae is by far the most common species in which
ESBL has been recognized, accounting for 75% of [E@Bducing isolates. Plasmid-
mediated ESBL production had been detected in 1%-96 K. pneumoniae isolates in
Europe in 2001 (Menasletal., 2001).

It is important to note though that cross-infectismot the only explanation for dissemination
of ESBLSs, plasmid transfer is also an importantsaberation. In the first major outbreak of
ESBL producers, Sirpt(1995),documented transmission of plasmids encoding TEM-3
lactamase between differeidtebsiellae and to otheEnterobacteriaceae (Yuanet al., 1998).
Several studies hawhown that ESBL-producink§lebsiella strains have an increasailility

to adhere to human epithelial cells, probably duglasmid-coded production of fimbrial or
nonfimbrial adhesin€Sahlyet al., 2004). Resistance appeared initially in organisoch as
Enterobacter cloacae that could, by mutation overproduce their chromnmeglbAmpC. Later,

however, resistance appeared in bacterial spdwddack an inducible AmpC enzyme, such
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asK. pneumonia and this resistance was found to be mediated dgnpts encoding ESBLS
(Philippon, Arlet and Jacoby, 2002). Plasmid-memtiaAmpC beta-lactamases have arisen
through the transfer of chromosomal genes for titigible AmpC beta-lactamase onto
plasmids. This transfer has resulted in plasmidiated AmpC beta-lactamases in isolates of
Escherichia coli, K. pneumoniae, Salmonella spp, Citrobacter freundii, Enterobacter
aerogenes, andProteus mirabilis Plasmid-mediated AmpCs differ from chromosomal Arap

in that they are uninducible (Thomson, 2001).

Like their counterpart on the chromosome, such mesyprovided a broader spectrum of
resistance of ESBLs and were not blocked by comialgrcavailable inhibitors.
Furthermore, in a strain with decreased outer mangimpermeability such enzymes can
provide resistance to carbapenems as well, as d&s dbserved with clinical isolates I6f

pneumoniae during an outbreak in New York (Philippon, ArletdaJacoby, 2002).

It is anticipated thaKlebsiella strains willbecome more virulent and resistant to antibiofics i
the futurean eventuality that could contribute to the sprefdertainKlebsiella clones by
virtue of their greater resistance to antibiodcs! better adherence to host tissues (Sethly
al., 2004).

1.8 Resistance containment Strategies

Various strategies have been proposed to improwe afsantibioticsand prevent the
emergence of antibiotic resistance. Antibioticgiige guidelines or protocols have emerged
asa potentially effective means of both avoiding wessary antibiotiedministration and
increasing the effectiveness of prescritatibiotics. Restricting specific antibiotics or
antibiotic classes frorthe hospital formulary has been adopted as a gyrdte reducehe
occurrence of antibiotic resistance and antimi@abbostsSuch an approach has been shown
to reduce pharmacy expensesl adverse drug reactions from the restrictedsd(@kesola
and Makanjuola, 2009). Another proposed strategy ctrtail the development of
antimicrobialresistance, in addition to the judicious overa# o antibioticsis to use drugs
with a narrow antimicrobial spectrum or "oldextitibiotics. Several investigations suggest
that some infectionsuch as community-acquired pneumonia and urinagt tnfectionscan
usually be successfully treated with narrow-spectrantibiotic agents, especially if the

infections are not life threatening (Kollef and $eg 2001).
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It is evident thatk. pneumonia has a significant predilection to resistance meidmas of
variousf-lactam antibiotics therefore making it an excdllepresentative organism for our

investigation.

Aim

To elucidate the molecular epidemiologyfactamase mediated resistance, in selekted
pneumonia isolates from a tertiary hospital in KwaZulu-Nat8buth Africa and to ascertain

correlation between antibiotic use and suscepiiii any).

Objectives:

1. To determine the production of ESBLs by using thelde disk synergy test (DDST)
for ESBL detection.
To undertake preliminary typing @tlactamases on the basis of MICs.

3. To undertake DNA sequencing to definitively ideptihe ESBL genes and to
correlate genotypes with phenotypes.
To investigate genetic determinants of resistam@hasmid banding patterns
To ascertain the correlation between resistance susdeptibility to antimicrobial

consumption
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CHAPTERTWO

METHODOL OGY

2.1 Bacterial | solates

The 24 putative ESBL positiye pneumonia isolates investigated in this study were collected
from a tertiary hospital in KwaZulu-Natal, Southrigh. Of the 13K. pneumonia isolates
collected in the year 2000, 5 were tested as ES#litipe. These were KEH 3, 6, 21, 81,100.
These isolates formed part of a previous study bgaEket al., which was undertaken to
evaluate the appropriateness of nationally devistachdard treatment guidelines (STGS)
within the public healthcare system in KwaZulu-Nat&he study highlighted the importance
of surveillance-based treatment guidelines fordnéms over the guidelines set by expert
committees as the former takes into consideratioasy factors such as, microbial etiology

of the disease, antibiotic use and antibiotic tasise (Essacét al., 2005).

The remaining isolates were collected in 2007 awdchéd part of an active, disease-based
surveillance study also ascertaining the appropmegs of treatment guidelines, but on a
disease basis. The isolates were collected froeethospitals, one district, one regional and
one tertiaryK. pneumoniae featured as a causative organism in nosocomiattiofes andk.
pneumoniae isolated in the tertiary hospital were includedhis study.

Of these, 14 were subjected to full laboratory stigations as a result of cost constraints.

2.1.1 Ethical Considerations

This study as well as the study by Essatlal., (2005) had ethical clearance from the

University of KwaZulu-Natal.

2.2 Bacterial I dentification

The isolates were identified using the API 20E eys{bioMerieux, Lyons, France) as per the

manufacturer’s guidelines.
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Table 2.1 A list of the Bacterial Test Isolatesdigethe study and the year of collection

Bacterial Isolate Year of Isolation Bacterial Igela Year of Isolation
KEH100 2000 KEH3328 2007
KEH3 2000 KEH3409 2007
KEH21 2000 KEH2786 2007
KEH6 2000 KEH3434 2007
KEH81 2000 KEH3281 2007
KEH1506 2007 KEH2605 2007
KEH2093 2007 KEH2787 2007
KEH1883 2007 KEH2924 2007
KEH7123 2007 KEH893 2007
KEH3217 2007 KEH2007 2007
KEH7689 2007 KEH6740 2007
KEH3322 2007 KEH3262 2007

2.3 Susceptibility Testing

2.3.1 Agar Dilution

The microbiological parameter used since the baggnaf antibiotic therapy is the minimum
inhibitory concentration (MIC). The MIC is defined the lowest concentration of a drug that
will inhibit the visible growth of an organism aftevernight incubation (Andrews, 2001).
MICs are used to confirm unusual resistance, t@ giefinitive answers when borderline
results are obtained or when disk diffusion methgd® false negative results (Dalhoff,
Ambrose and Mouton, 2009).

Agar dilution and broth dilution are the most conmiyoused methods to determine MICs
where bacterial cell suspensions are dotted dyrectto the agar plates that have integrated
different antibiotic concentrations. Broth dilutiarses a liquid growth medium containing
geometrically increasing concentrations of thelaotic which is inoculated with a defined

number of cells (Wiegand, Hilpert and Hancock, 2008

The advantage of both the broth and agar diluti@thiods is that both techniques generate
very good gquantitative results. The disadvantageswofg the broth dilution method is that the

manual task of preparing the antibiotic solutionseidious and the possibility of errors in the
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preparation is very high. The biggest concern hawéy the interpretation of results. Micro
broth dilution has been widely used which uses atoraated system to interpret results
however, this technique requires a large amoumeafients and is not a very cost effective

method (Jorgensen and Ferraro, 2009).

The agar dilution technique has shown accuraceiarchination of MICs specifically when a
full dilution range of the antibiotic is used. Thechnique also enables the testing of many
organisms against a succession of dilutions ofgusingle antibiotic concurrently as well as
the possibility of extending the concentrationswofibiotics as far as is required (Varetal .,
2008). MICs are a good phenotypic indicator to ahetee the resistance or susceptibility of
an isolate to antibiotics; however, it is inconohes with respect to the mechanism of
resistance to the antimicrobial agent. (Wiegahdl., 2008). Phenotypic measures of the
level of susceptibility of bacterial isolates totiamcrobial agents are nevertheless largely
relevant due to mutations, gene acquisitions, axgkession mechanisms in multi-drug
resistance which renders effortless detection \aéeoular techniques difficult (Jorgensen and
Ferraro, 2009).

Materials:
» Test Isolates
» Control IsolateE. coli 25922
* Antibiotic stock solutions (Sigma-Aldrich®)
* Mueller Hinton Agar Biochemika, Fluka Sigma-Aldrich®)
* Mueller Hinton broth Biochemika, Fluka Sigma-Aldrich®)
» Sterile distilled Water
* 0.5 M McFarland standard

Apparatus:

* Automated 48-pin replicator for inoculation (Boek8tientific). This apparatus
enables the pins to dip into the micro-titre pledataining the inoculum and then dot
the inoculum onto the surface of the agar. It ificieht and prevents cross
contamination.

* 96 well micro-titre plate
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Procedure:
« The antibiotic stock solutions were prepared uding solvents and diluents for
preparation of stock solutions of antimicrobial migeas per the guidelines contained
in the CLSI manual(CLSI M100-S18, 2008) using thkofving formula:

(CxV)
=

W =

Where P = the potency given by the manufacturgim(g)

V = the volume of antibiotic is required. The ded volume was 20ml

C = the final concentration required. The desgedcentration was 10 mg/L

W = the weight of the antibiotic required to bestived in V. (Wieganet al., 2008)

+ The antibiotic dilution range depending on the Cb&ak points for resistance and
susceptibility for each antibiotic was then deteradi and prepared as shown in table
2.2.

Table 2.2 Antibiotic dilution chart for agar dilati method.

Antimicrobial Volume of antibiotic  Final concentiah

concentration stock solution when adding
(mg/L) (ml) 25 ml agar
10 640 256
10 320 128
10 160 64
10 40 16
1 200 8
1 100 4
1 50 2
0.1 250 1
0.1 125 0.5
0.1 62.5 0.25
0.1 31.25 0.125

% The Mueller Hinton agar plates were prepared imilet@0 ml labeled bottles and
autoclaved. The agar was cooled down to 50 °C laerdl the antibiotic dilutions were

added into respective bottles and plated accorgling|
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+« The inoculum was prepared using Mueller Hinton trdbhdividual colonies were
transferred into the broth and incubated at 37°C4f6 hours until the turbidity
resembled the 0.5 M McFarland standard. The isplatere adjusted to match the
McFarland with sterile distilled water if necessarnd the inoculum was used within
30 minutes

% The inoculum was pipetted using a micro pipette the sterilized 96 well micro-titre
plate along with the positive and negative controls

% The agar plates were aligned on the base and tbhmated pin replicator transferred
small volumes of inoculum from the micro-titre @ainto the Mueller Hinton Agar
plates.

% The plates were incubated overnight at 37°C.

% The MIC was determined as the lowest concentratiat showed no growth after

overnight incubation.

2.3.2 Testsfor the detection of ESBL s

Agar dilution and disk diffusion screening methdds/e been recommended by the CLSI.
There are criteria and interpretive standards sistg the phenotypic screening for ESBL
positive isolates. Based on the MIC breakpointsviged by the CLSI to ascertain the
expression of ESBLs, disk diffusion tests are usedconfirmation, however, many studies
use both agar dilution and disk diffusion for comiation of ESBL production as disk
diffusion alone has shown false positives with esro the detection of ESBL-mediated
resistance encountered with both automated and ahdisk diffusion methods (Peret al .,
2007). Using disk diffusion methods for antibiagigsceptibility testing can screen for ESBL
production by noting specific zone diameters whictlicate a high probability of ESBL
production (Paterson and Bonomo, 2005).1f the zbameters indicate a suspicion for ESBL
production then further phenotypic tests must beiexh out for confirmation of ESBLs.
Inaccurate identification of ESBL producers hasichl implications as well as for antibiotic

use and it is therefore imperative that detectiodg/ines are adhered to.

Since the 1980’s specific phenotypic tests have loeseloped for ESBL detection, whether
it be disk diffusion on agar, MIC determinationaartomated systems (Drieust,al., 2008).
There has been extensive research into these sgenathods with specific attention to their
accuracy and rapidity. The double disk synergy, the three dimensional test, the E Test
and the Vitek test, including their modificationavie been introduced as screening methods
for ESBL detection (Essack, 2000).
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The ESBL E test has been developed to measuratér@acdtion between extended spectrum
cephalosporins and clavulanate. The E tests asti@lawo sided strips containing gradients
of cefotaxime, ceftazidime or cefepime either aloneone side of the strip or combined with
clavulanate on the other end (Drieekal., 2008). A positive test result is the reductionled t
test drugs MIC by a ratio of8 in the presence of clavulanate. A positive resait also be
confirmed by the presence of a rounded or a phaatore below the lowest concentration of
the test drug and a deformation of the inhibititipge at the tapered end of the test drug
(Drieux, et al., 2008). The E- test may fail if the MIC values féretcephalosporins fall
outside the range of those present on the tept(tinscott and Brown, 2005) and the reading
of the inhibition zones may very well influence ukts negatively as these zones have been
frequently reported as complex due to the preseficautants along the zone border. It is
therefore imperative that researchers and techmsdie well trained to recognize the subtle

ellipse deformations and phantom zones (Leverst@mHall,et al., 2003).

The VITEK 2 test, a relatively new modificationcais an improvement on the VITEK 1
because of its increased specificity, is an autech&SBL test which uses the antimicrobial
susceptibility data generated to suggest the plpaobdf the tested isolate and thereby
determine the susceptibility and resistance tobatics not tested (Schwabet, al., 2005)
This test assesses the antibacterial activity &pime, cefotaxime and ceftazidime either
alone or in the presence of clavulanate while nwkise of card wells containing the test
drugs in various concentrations either alone orcambination with clavulanate. After
inoculation the cards are introduced into the VITRKmachine where the turbidity is
measured for each antibiotic tested and the propailt reduction of growth in the wells
containing cephalosporin with clavulanate is coradédp the cephalosporin alone and is then
interpreted ESBL positive or negative (Driee.al., 2008). The VITEK test is not as cost
effective as manual methods and has rendered faistives. This test has shown a low
specificity with numerous false positives reporieanany studies (Wiegaret al., 2008) and

it has been reported that the VITEK test shouldb®used as the sole method of detection
until further studies prove otherwise (Schwadtel., 2006).

The three dimensional test proposed by Thonmsoal., (1984), is a modification of disk
diffusion tests and it demonstrates substrate Bpiges of bacterialp-lactamases present.
The test involves inoculating the surface of tharagth a 0.5 McFarland of the test organism
and a higher density of inoculum is dispensed anbrcular slit in the agar just 3mm from the
antibiotic disks. The test as described by Thongah, (1984), inoculates a control strain on
the inner surface before the slit and the testrosgainoculated on the outer surface after the

slit and could test up to 8 antibiotics at a tifmactivation of the antibiotic, as it diffuses
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through the slit, results in a distortion or a distinuity in the circular inhibition zone
(Drieux, et al., 2008). Since its discovery there have been manyifioations to the three
dimensional test, specifically to test the presesfcdmpC p-lactamases. It has been reported
that the technique proved to be difficult in teroighe circular slit and some modifications
involved linear slits but having to fill the slitgith the enzyme extracts proved to be tedious
(Manchanda and Singh, 2003). The technique does s advantages as it requires less
training and minimal reagents and has not had kigly reports of false positives with high
detection rates (Drieuxt al., 2008; Manchanda and Singh, 2003).

2.3.3 Double Disk Synergy Test (DDST)

The DDST is a very cost-effective technique hasnbesed in a wide range of
Enterobactericeae, it is regarded as a reliable test but sometimesriecessary to adjust the
spacing between the disks to increase its reltgh(idrieux, et al., 2008). The technique is
relatively simple however the interpretation of thesults is subjective. There have been
instances where false-negative results have bgamteel with isolates harboring the SHV-2,
SHV-3 or TEM-12 ESBLs. In addition to that, sensiti may be reduced when ESBL
expression is very low, leading to wide zones dfikition (Rawat and Nair, 2010).
According to CLSI guidelines, isolates which haveasitive phenotypic confirmatory test
should be reported as resistant to all cephalaspdexcept the cephamycins,) and aztreonam.
B-lactamp-lactamase inhibitor combinations such as ticanedlavulanate or piperacillin-
tazobactam must be reported as susceptible if MiCzone diameters are within the

appropriate range (Rawat and Nair, 2010).

2.3.4 Testsfor the detection of AmpC p-lactamases

The detection of AmpC'’s has proven to be a chaéidiog many laboratories. There has been
methods devised based on disk diffusion methodolbgymany laboratories to detect
AmpC’s. Nasimet al., (2004), studied the use of a cefoxitin agar med{@AM) in
comparison to a modified three dimensional AmpGggM3D). The CAM assay which is
time consuming and labor intensive gave the authassnilar result to the M3D, however
like many studies gave false positives. A study@xyudron, Hanson and Climo (2003),
reported on the inconsistency in their phenotypgtihg of AmpC’s as the disk diffusion
showed 15% AmpC positives but that number was éarteduced by the three dimensional
test and isoelectric focusing. The detection ofsmlial mediated AmpC’s prove to be very
technically demanding with the use of methods tee time consuming and although a few

tests were easier to perform many of them seenfdudtito interpret. In this study we chose
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to perform an AmpC disk test based according teiBlMoland and Thomson (2005), which
is based on the use of TRIS-EDTA which permealsline bacterial cell wall and releages
lactamases into the external environment. Thealésts for six isolates to be tested at a time
and the interpretation was straightforward. Théhats reported a very high number of
positive isolates in their study (95%) indicatirg taccuracy, simplicity and convenience of
using such an assay. They did report however theit study did not include plasmid
mediated AmpC’s however additional studies showedsitpe results in other

enterobacteriaceae. Genetic testing will howeverdmessary as a follow up on such isolates.

In this study both the agar dilution as well asdbeble disk synergy test was used to confirm
ESBL producers. The TRIS-EDTA disk test was usedotafirm AmpC producers. The disk
diffusion test was carried out according to CLSlidglines and zone diameters were

measured.

Materials:
* Test Isolates
» Ecoali positive Control 25922
» ESBL - producing isolate from a previous study @€ss Connolly and Sturm, 2005))
* Mueller Hinton Agar Biochemika, Fluka Sigma-Aldrich®)
* Mueller Hinton BrothBiochemika, Fluka Sigma-Aldrich®)
* Antibiotic Disks (Oxoid)
=  Amoxicillin-clavulanate (AMC)
= Ceftazidime (CAZ)
= Cefuroxime (CROX)
= Cefotaxime (CTX)
= Aztreonam (AZT)
* 0.5 M McFarland Standard

Procedure:
+ A few colonies were picked from overnight growth Kaotrient Agar and inoculated
into 5 ml of Mueller Hinton Broth
% The broths were incubated at 37°C overnight uatbit
+ The turbidity was matched to the 0.5 M McFarlarahdaird (Appendix 1) with sterile
distilled water
+ A sterile cotton swab was dipped into the broth pressed firmly above the fluid

level to drain off excess broth.
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The swab was then streaked over the entire ag&acsuseveral times until the
inoculum was evenly distributed

The plates were left to dry for 2-5 minutes but motre than 10 minutes

The following disks were placed onto the agar: éatram (AZT), Ceftazidime
(CAZ), Cefuroxime (CROX), Cefotaxime (CTX) and Amoiin/Clavulanate
(AMC). The AMC disks were placed at the centre tredrest were placed around the
centre not less than 25 mm apart from each othereias from the AMC disk.

Plates were incubated at 37°C overnight.

An enhancement of the zone nearest to the AMC ididicated a positive test for
ESBLs.

The TRIS-EDTA test was performed with modificatiassfollows:

Materials

Test Isolates

E coli positive Control 25922

Putative AmpC producers from a previous study (Blss@onnolly and Sturm, 2005)
10X TRIS-EDTA (appendix one)

Mueller Hinton Agar Biochemika, Fluka Sigma-Aldrich®)

Mueller Hinton BrothBiochemika, Fluka Sigma-Aldrich®)

Cefoxitin Antibiotic Disks (Oxoid)

Sterile filter paper disks

Saline

0.5 McFarland Standard

Procedure:

@
0.0

A few colonies were picked from overnight growth Matrient Agar and inoculated
into 5 ml of Mueller Hinton Broth

The broths were incubated at 37°C overnight untbit

The turbidity was matched to the 0.5 M McFarlarahdtard (Appendix 1) with sterile
distilled water

Sterile filter paper disks (AmpC disks) were preghaby applying a 1:1mixture of
saline and 10X TRIS-EDTA and were then stored 4@ 8

A sterile cotton swab was dipped into the brothtaming theE. Coli 25922 and

pressed firmly above the fluid level to drain oftcess broth.
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s The swab was then streaked over the entire agdacsuseveral times until the
inoculum was evenly distributed

% Three cefoxitin disks were placed 25mm apart onrtbeulated surface of the agar.

« The prepared AmpC disks were inoculated with 2@ dazh test isolate prior to use
and placed on either side of the cefoxitin disk imglsure the AmpC disks touch the
cefoxitin disks.

% A total of 6 isolates were tested each time

2.4 Plasmid | solation

Many B-lactamase genes have been found on plasmid§. ipneumonia including those
encoding ESBLs (Wegt al., 2005). Plasmid profiling is important to ascertthe diverse
genetic determinants on which resistance genesereStudies have shown that members of a
single epidemic strain may carry different plasnmadsl genotypically non-related strains can
produce the same ESBL due to plasmid transfer legtwpecies. Independent evolution due
to antibiotic pressure plays a role as well asg been found that different plasmids have the
ability to mediate the same ESBL (Paterson and Buan@005).

In most bacteria, plasmids are the major vectohaizontal gene transfer. Plasmids are
capable of self transfer between strains and spedmech is responsible for the capture of
different resistance genes which gives rise to rtheti drug resistant (MDR) phenotype
(Hawkey and Jones, 2009). A study by Karigkal., (2006) reported multi drug resistant
strains of E. coli with plasmids exhibiting gendtiikage of threg-lactamase genelslacrxw-

15, blaoxa-1 andblargm.,. Plasmids carrying the platform for MDR may spreadss different
bacterial species therefore strategies need to dwelaped to control dissemination of
antimicrobial drug resistance (Hopkimsal., 2005; Coquest al., 2002).

Plasmid isolation and gel electrophoresis was pead according to Kado and Liu 1981.

Materials:
* Testisolates
» Positive controE coli 50192
e SDS buffer (Appendix 1)
e Tris solution (Appendix 1)
e 3%SDS/50mM Tris (Appendix 1)
e Phenol/Chlorform (50:50)
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95% Ethanol

Agarose (TopVisioH" Fermentas)

TE Buffer (Appendix 1)

TAE Buffer (Appendix 1)

Bromophenol blue

Ethidium Bromide (Sigma-Aldrich®)

Electrophoresis apparatus

UV Gel spectrophotometer (Gel Doc XR, BioRad)

1kb Molecular weight marker (MWM) (Gene rulét Fermentas)

Isolation:

@,
0.0

R/
0’0

Cultures were grown on nutrient agar plates ovéingnd inoculated into 20 ml of
nutrient broth and incubated overnight at 37 °C.

2 ml of broth was pippetted into a labelled eppehtide and centrifuged at high
speed for 5 minutes to pellet the inoculums. Tupesnatant was discarded.

The pellet was re-suspended in 1 ml of 3%SDS/507nigl and incubated at 65 °C
for 1 hour

1 ml of phenol/chloroform was added and allowedtend at room temperature for
15 minutes

The tubes were centrifuged at high speed for twoutes and removed carefully to
not disturb the contents of the tube

The smallest micropipette was used to extract theeu aqueous phase without
touching the intermediate phase. This was trareddtris into a clean labelled tube.

It was centrifuged at a high speed for 5 minutestae supernatant was discarded.
The pellet was washed in ice cold 95% ethanol @ndrifuge again for 3 minutes

the supernatant discarded very carefully making st to lose the pellet and dried
in a sterile laminar flow bench.

50 pl of sterile distilled water was added andased were stored at 4°C overnight

before electrophoresis

Electrophoresis:

s A 0.8% gel using the agarose and TE buffer wasgregh The solution was heated

over a Bunsen burner stirring constantly.

% After cooling ethidium bromide was added to theledaagarose solution at a final

concentration of 0.5pg/ml.
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+ The solution was then poured into the gel castioglthand allowed to harden for 50
to 60 minutes.

% Once the gel had hardened, the comb was removedirggnshere was no rupture of
the gel at the bottom of the wells

« The gel still in the gel plate was put into thectlephoresis chamber and the chamber
was filled to the marked line with TAE buffer.

« 5 pl of the plasmid DNA isolates were mixed withl 21t Bromphenol Blue on a
sheet of parafilm and the 7ul was loaded into tkedswstarting with the MWM and
ending with theE. coli 50192 positive control.

« The lid and power leads were placed onto the apparand electrophoresis was
carried out at 12V/cm for 1.5 to 2 hours.

« After adequate migration the gel was placed inte gel doc system to view the
bands.

% The gel doc program incorporated the MWM sizes astimated the size of the

plasmid bands which were also compared with thé&ipesontrol.

2.5 PCR and Sequencing to detect p-lactamase genes

PCR and sequencing are the most accurate methaas tos definitively identify and
characterise ESBL genes and these methods ar¢oabterk with a large number of isolates
simultaneously as well as having the ability toedetmutants (Pitout and Laupland, 2008).
The limiting factor about PCR is that it is not ceffective and it is also confounded when
isolates contain multiple genes from the same ES&mily. Genetic determination of
resistance has the potential to provide a morabieiassessment of antimicrobial resistance.
Genetic methods assess the genotype of an orgamisareas conventional susceptibility
methods assess the phenotype which in some casesufficient due to gene expression
(Cockerill, 1999).

Genetic methods have been very successful in degette presence dlagec enzymes as the
detection of carbapenem-resistant organisms bynaaitd or semi-automated methods have
been problematic because of the low levels of taste® (Hindiyehgt al., 2008). PCR and
sequencing was done on a select number of isolategding was limited hence we were
unable to sequence every isolate. The objectivetavasquence those genes commonly found
in K. pneumonia on the basis of the MIC results obtained. Subs&iqieePCR, isolates were

purified and sequencing was outsourced to Inqabte&h.
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Materials:

DNA from test isolates

Positive control isolatesk.coli J53 Expressing SHV-E.coli J53 Expressing TEM-
1 andE.coli J53 Expressing TEM-2

Putative AmpC producers from a previous study (Blss@onnolly and Sturm, 2005).
PCR primers (Table 2.3)

2 x PCR Master mix (Ingaba Biotech)

Thermocycler (GeneAmp® 9700, ABI)

Absolute Ethanol

TE buffer

Biowave Life Science DNA spectrophotometer (Biochjo

PCR and sequencing to detdabsyy and blargy genes was undertaken as previously
described by Essack al, (2001). PCR and sequencing to debbatrx.v, blacwy, blaoxa and
blapya genes was undertaken as previously described dyn@enet al, (2008); Kaye,
(2004); Perez-Perez and Hanson, (2002) and #hab (2001). PCR and sequencing to
detectblaxpcgenes was done as previously described by ¥igit, (2001). A list of all the

primers used follows.
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Table 2.3 PCR primers used for the detection of E§&hes.

Enzyme Primers Reference
TEM 5 ATG AGT ATT CAACAT TTCCG 3’ Essackt al, (2001).
5 CCAATG CTT AAT CAG TGAGG 3’ Essacet al, (2001).
SHV 5 ATG CGT TAT ATTCGCCTG TG & Essack al, (2001).
5 GTT AGC GTT GCC AGT GCT CG 3 Essaekal, (2001).
CTX-M-3A 5 GGTTAAAAAATCACTGCG 3 Govindenet al, (2008)
CTX-M-1B 5 CCGTTTCCGCTATTACAA 3’ Govinderet al, (2008)
CTX-M (F) 5 TTTGCGATGTGCAGTACCAGTAAZ Govindert al, (2008)
CTX-M (R) 5 CGATATCGTTGGTGGTGCCATA 3 Govindest al, (2008)
DHA-1 5 GGGGAGATAACGTCTGACCA 3’ Zhacet al, (2001)
5 TAGCCAGATCCAGCAATGTG 3’ Zhacet al, (2001)
CMY-1 5 TCACATCGGCTTCACAGAGC 3 Kaye, (2004)
5 CCATGGTGATGCTGTCAAAGA 3’ Kaye, (2004)
CMY-2 5'CAACACGGTGCAAATCAAAC 3’ Kaye, (2004)
5'CATGGGATTTTCCTTGCTGT 3 Kaye, (2004)
OXA-1F 5" ACACAATACATATCAACTTCGC 3’ Perez-Pereznal Hanson, (2002)
OXA-1R 5’AGTGTGTTTAGAATGGTGATC 3 Perez-Perez and Hans(2002)
KPC -1F 5 CTGGAGGACTATGCACTT & Yigiet al, (2001)
KPC -1R 5" ATACCACCCTGACAGCCG 3 Yigiet al, (2001)
Procedure:

« The DNA from test isolates was prepared by growagteria overnight on Mueller

Hinton Agar. Individual colonies were suspendediistilled water. The suspensions
were heated at 95°C for 3 minutes and the superats used for the PCR

R/

s 1 plof each primer pair was mixed with 28l of gre-mixed master mix and topped

up to 99ul with sterile distilled water. The lagd#@ion was 1ul of the template.
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PCR was run on the GeneAmp® 9700 and the conditionblargy andblasy,were
set at the following:

95°C for 3 minutes
30 cycles of  95°C for 1 minute

55°C for 1 minute

72°C for 1 minute

The DNA from test isolates fromlacrx.m , blaoxa, blacuy, blapua andblakec was
prepared by growing bacteria overnight on Muellentbh Agar. Individual colonies
were suspended in distilled water they were heatigdd for 10 minutes at 100°C

and briefly centrifuged and the supernatant wasaetdd using a QlAamp DNA Mini
Kit (Qiagen)

Conditions forblacrx.v was set at the following:
94°C for 3 minutes
25 cycles 94°C for 30 seconds
54°C for 1 minute
72°C for 2 minutes
72°C for 7 minutes
Conditions forblagxs was set at the following:
95°C for 5 minutes
30cycles 94°C for 30 seconds
62°C for 30 seconds
72°C for 30 seconds
72°C for 10 minutes
Conditions forblacyy was set at the following:
94°C for 10 minutes
30 cycles 94°C for 1 minute
54°C for 1 minute
72°C for 2 minutes
72°C for 10 minutes
Conditions forblapys was set at the following:
94°C for 3 minutes
25 cycles 94°C for 30 seconds
64°C for 30 seconds
72°C for 1 minute

72°C for 7 minutes
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Conditions forblakpc was set at the following:
30 cycles of amplification

94°C for 1 minute

55°C for 1 minute

72°C for 1 minute

The PCR product was then purified for sequencing

Purification was as follows:

90 pl of PCR product
10ul of sodium acetate solution

250 pl of absolute ethanol

All of the above were added into individual sterd@pendorf tubes and the tubes
were incubated at -20°C for 30 minutes.

They were centrifuged for 5 minutes at a high spaed the supernatant was
discarded

They were washed further with 70 % Ethanol andrdeged at high speed for 5
minutes

The supernatant was discarded and the tubes wete tky.

The pellet was dissolved in 90 ul of TE buffer avek analyzed on the Biowave Life
Science DNA spectrophotometer to check purity amtentration

The remaining 10l of PCR product was run on anrasgagel to ensure each
reaction was successful.

The purified PCR products were then outsourceddalba Biotech for sequencing.
Sequences were analyzed using BLAST 2.0 (Basic ILAllgnment Search Tool)
software available on the website of National Cefde Biotechnology information
(http://www.ncbi.nhim.nih.gov/blast /BLAST .eYi
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2.6 Antibiotic Use Data

The daily defined dose (DDD) is the most commonhwoeétto quantify antibiotic use in
hospitals (Liemet al., 2010). The DDD, recommended by the World Healtlgadrsation
(WHO) is a technical unit of measurement and isstlam an assumed average maintenance
dose per day, for the main indication of the dingadults (Filiuset al., 2005). Antibiotic use
data has in many studies proven to be vital in tiieng the reason for the decrease in
susceptibility for many strains of bacteria. It Heeen widely documented that cautionary use
of antibiotics may assist in reducing the resistaihat has escalated over a number of years.
Based on previous studies reporting an decreasesiceptibility correlating positively in the
increase of antibiotic use we wanted to compareréséstance profiles we had with the

antibiotic use data.

Antibiotic use data was calculated according toaEkst al., (2005). The data was analysed
for both time frames and were obtained from thepitaspharmacy records. It was expressed
as usage density rate. The total number of granesaci antibiotic used was divided by the
number of grams per daily dose for the specifigbaotic, then divided by the patient-days,
and multiplied by 1 000 to give the number of DDPsr 1 000 patient-days on the
assumption that all beds within the hospital wed®% occupied at any given time. King
Edward Hospital (KEH) converted from a tertiary pital to a district/regional hospital in

2007, therefore the number of beds in KEH decreased

2.7 Statistical Analysis

The frequency distribution for utilization and setbility was not normally distributed. The
data was summarized using median values and irgdilguranges. Antibiotic use and
susceptibility in 2000 was compared to that in 208ihg a Wilcoxon signed rank test for
paired data since the same drugs were tested lnylears. The drugs tested in both years are
as follows: ampicillin, piperacillin sodium, pipeifin/tazobactam, amoxicillin-clavulanate,
cefuroxime sodium, cefotaxime, ceftazidime, amiRacigentamicin, nalidixic acid,
ceftriaxone and ciprofloxacin. The drugs were ddddnto two groups those that showed a
decrease in susceptibility and those that did Adte change in utilization between the years
2000 and 2007 was then calculated for each grouprder to determine if changes in

utilization differed in the two groups.
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CHAPTER THREE

RESULTS AND DISCUSSION

The aims of this study was to ascertain the diffees if any in the phenotypic and genotypic
resistance profiles oK. pneumoniae isolated from a single tertiary hospital in two

surveillance studies undertaken at different tines, 2001 and 2007 with special emphasis
on ESBLs. A correlation with antibiotic use wasalindertaken.

3.1 Detection and characterisation of ESBL s

The ESBL —producing isolates were confirmed usimg double disk synergy test and the
agar dilution test according to the parametersbge€CLSI guidelines to rule out any false
positive isolates, the data can be seen in tablear8l 3.2. Figure 3.1 shows a positive result
for ESBLs by the extension of the ceftazidime (CAZ)ne of inhibition towards the
amoxicillin/clavulanate (AMC) disk. The AmpC dislest yielded no positives in these
isolates

Zone Flattenin

Figure 3.1 Isolate KEH 81 showing a positive redalt an ESBL using the Doubledisk
synergy test. The extension of the zone of iniobit of ceftazidime toward

amoxicillin/clavulanate confirms the positive réséd — AMC (9mm), B — CAZ (12mm), C —
CROX (12mm), D — AZT (14mm), E — CTX (12mm). AMCamoxicillin clavulanate, CAZ

— ceftazidime, CROX — cefuroxime, AZT — aztreon&mX — cefotaxime.
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Table 3.1 MICs (ung/ml), plasmid profiles (Kb) ametgenes found in the Isolates collected in 2000.

Plasmid

2000 AMC CARB P/T CTHIN CRO CTX CAZ CROX AMP IMI AY Profiles (Kb) Genels
TEM1,
SHV1,
KEH6 32 256 32 256 16 16 4 16 128 0.125 16 42: 24 SHV2
TEM 1,
KEH3 8 256 4 256 128 32 4 16 128 0.125 16 207;59.6;27 SHV?2
TEM1,
KEH100 8 256 8 256 16 8 8 16 128 0.125 4 207;56; 5 SHV1
207; 154;59.6 TEM 1,
KEH21 32 256 16 256 0.25 4 4 8 128 0.125 1 24:10;3;1.3 SHV?2
TEM 1,
KEH81 16 256 16 256 16 64 8 16 128 0.125 4 207 SHV1

AMC — Amoxicillin/Clavulanate, Carb — CarbenicillilP/T — Piperacillin/Tazobactam, CTHIN — Cephalothi CRO — Ceftriaxone, CTX —
Cefotaxime, CAZ — Ceftazidime, CROX — CefuroximéJR — Ampicillin, IMI — Imipenem, AZT — Aztreonam.
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Table 3.2 MIC (ug/ml), Plasmid Profile (Kb) and Genes found in representative isolates cotlent200°

Plasmid
2007 AMC CARB P/T CTHIN CRO CTX CAZ CROX AMP IMI AY Profiles (Kb) Gene/s
TEM 1, SHV
KEH3409 0.125 256 0.125 256 128 256 16 64 128 0.5 16 154; 24; 3 1, SHV 11
KEH1506 32 256 16 256 128 128 32 128 128 0.25 32 207 TEM 1, SHV 1
KEH2924 16 256 16 256 64 32 32 32 128 0.5 16 207; 27 TEM 1, SHV1
207;59.6; 27 TEM1, SHV
KEH3217 16 256 16 256 128 256 128 256 128 0.5 64 7 1, SHV 11
KEH893 16 256 16 256 16 64 16 32 128 0.125 8 110; 7 TEM 1, SHV 2
207; 24;10;4; TEM1, SHV
KEH2786 32 256 32 256 128 128 8 128 128 0.125 16 1.7 11, CTX-M-15
TEM 1, SHV
KEH3281 16 256 16 256 128 256 128 256 128 8 64 207; 154; 24 1, SHV 11
TEM 1, SHV
KEH2605 2 256 0.125 256 128 128 16 128 128 0.125 32 207; 36 1, SHV 11
TEM 1, SHV
KEH2787 16 256 16 256 128 128 8 128 128 0.125 16 207 1, SHV 11

AMC — Amoxicillin/Clavulanate, Carb — CarbenicillilP/T — Piperacillin/Tazobactam, CTHIN — Cephalothi CRO — Ceftriaxone, CTX —
Cefotaxime, CAZ — Ceftazidime, CROX — Cefuroximé/R — Ampicillin, IMI — Imipenem, AZT — Aztreonam
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Due to financial constraints, a comprehensive amslgf a wide range of enzymes was not
possible therefore molecular detection of ESBLsewearried out using representative isolates
from groups exhibiting similar phenotypic resistanrofiles. This was done by grouping
isolates according to the antibiotics they showedistance to using the MIC values.
Sequencing was based largely on the phenotypicesgion of the most common ESBL
genes, however we included the less combiasxa andblapys as MICs shown in tables 3.1
and 3.2, gave indication of the presence of theseg The OXA-typ@-lactamases confer
resistance to ampicillin and cephalothin and a@lgonhibited by clavulanic acid (Bradford,
2001). PCR vyielded no positives fbltagxa, even though susceptibility results postulated
their presence. This may be the result of ttexs genes being absent (Poirel, Naas and
Nordmann, 2010). Phenotypic tests for DifAactamases were negative; however PCR for
DHA was undertaken based on a study done by Badl,, (2008) who reported multi drug
resistantK. pneumonia isolates harboring both SHV and DHA type ESBLsS.P&RJ

sequencing yielded no positives for Di§Aactamases.

All isolates sequenced carried the genes encodaty the TEM and SH\f-lactamases.
TEM — 1 was identified in all isolates and SHV-1d&®HV-2 were identified in 60 % in the
isolates collected in 2000 and 77 % and 11 % reispeéein the isolates collected in 2007.
These results lead us to believe that there coeldab anomaly with the strains in both
collection periods as we did not have 100 % SH\Z/esent. Since every isolate did express
an SHV gene, it was postulated that the SHV-1 geag have been masked by another SHV
gene that was preferentially amplified. The reduseskceptibility to amoxicillin-clavulanate
and narrow-spectrum cephalosporins in many of fudates from 2000, as explained by
Duboiset al., (2008), could be due to the acquisition of plasmetiated broad-spectrupa

lactamase or overproduction of the chromosomal mezyf SHV-1.

It has been well documented thabsy, is present on the chromosome of nearlykall
pneumonia isolates (Turneet al., 2009Wwith the great majority possessing a chromosomal
copy of eithemblasyy.1 or blasyy-11 Or close relative¢gHammondet al., 2007). There has been
strong evidence to suggekatblasyy originated from the chromosome kf pneumoniae and

an 1S26 element played a role in the mobilizatibblasy, from genome to plasmid (Harada
et al., 2008)SHV — 11 was present in 67% of isolates fr@@72and 55% of those were in
combination with SHV — 1. Based on the phenotymicfiles we see in this study we

postulate that there are B-lactamases presensehaencing did not reveal.
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According to the MICs in tables 3.1 and 3.2 respelt we hypothesize that isolates KEH6
and KEH21 from the 2000 isolates and KEH 2786 f&fiQ7 follow the phenotypic profile of
TEM-50. Studies by Sirogt al., 1997 and Stapleton, Shannon and French, 1999 esldet
the phenotypic profile of TEM -50 displays resistano Amoxicillin-Clavulanate (AMC) and
piperacillin-tazobactam (P/T) and shows suscefitibib Cefotaxime (CTX), Ceftazidime
(CAZ) and Aztreonam (AZT). It is possible that TEMfound in these isolates could have
been preferentially amplified by PCR hence the TEMeould not be picked up.

SHV-2 was found in 3 isolates in 2000 and 1 isolat2007. The phenotypic profiles of all
these isolates however did not match each otheraiety. A study by Coquest al., 2002
revealed a number of different resistance profi@sSHV-2. Many of the isolates were
sensitive to cefotaxime, ceftazidime and aztreomdnie others showed resistance for the
same drugs. Due to this difference in resistancdilps, the authors suggest that plasmid
dissemination may have facilitated the spread efblhsyy., gene. The selection pressure
from treatment of these antibiotics could havelitated the evolution dblasyy.1via mutation
therefore producing a derivative that simultanepbsirborsblasyy.; and blaspy-» (Coque, et

al., 2002). Sequencing revealed that isolate KEH278&gsses CTXM-15; the resistance
profile however showed an intermediate result tihazedime which is uncharacteristic for
CTXM-15 as it usually confers high levels of reasiste to ceftazidime. A study by Poirel,
Gniadkowski and Nordmann, (2002), revealed that 726 has a single amino acid change
compared to CTXM-3 and analysis of their resistamadiles showed that CTXM-3 confers
lower or intermediate levels of resistance to @dliene. This suggests that KEH 2786 could
very well possess a CTXM-3 enzyme as is indicaliyeboth its intermediate resistance to
ceftazidime and the higher susceptibility to intidyn by tazobactam compared with

clavulanic acid (Poirel, Gniadkowski and Nordma2@02).

Isolate KEH3281 was the only isolate showing arermediate result to imipenem,
sequencing however did not reveal any KPC enzyrBesceptibility to imipenem is a
positive finding in this population as the recommtof carbapenemase expression is the key
to appropriate treatment of carbapenem resistat¢rayacteriacae. However, due to
heterogeneous expression of resistance, it crafitisulties in ascertaining carbapenem
resistance (Brinkt al., 2012). All of the isolates tested in 2000 and 26B@wed high
levels of resistance to carbenicillin which is rative of the CARB-3 enzyme. At the time of
sequencing, however CARB-3 was not included in litieof enzymes but based on the

resistance profiles we may hypothesize that CAR88esent in this population.
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A study by Okesola and Makanjuola, (2009) reveatbdt poor susceptibility to
amoxicillin/clavulanate of the isolates in that samment demonstrates a high probability of
the production of nevg-lactamases. Inhibitor resistant THMactamases (IRTs) have been
reported globally in many different organisms. BDducing isolates remain susceptible to
cephalosporins, cephamycins, carbapenems, andshaases are intermediate or resistant to
amoxicillin-clavulanate combinations (Martiet al., 2010). IRTs have been reported by
Martin et al., (2010) inE. coli isolates with a high degree of IRT diversity. Ady done by
Mocktar et al., (2009) revealed the presence of two IRT enzymes, MtM 145 and TEM
146 in E. coli isolates. It was suggested that single or multiplgations in the structural
genes off-lactamases may have facilitated the emergencenhobitor resistant enzymes
(Mocktaret al., 2009).

In this study, sequencing did not reveal the preserf IRTs. The resistance profiles however
do give us an indication of TEM-50 but this phemiatyapproach to the detection of IRTS
may have limitations due to the inconsistency ef lRT phenotype (Martigt al., 2010). The
presence of other resistance mechanisms such d&tel and the combination of multiple
B-lactamases can often render strains resistanthéo ptlactam$-lactamase inhibitor
combinations (Bradforét al., 2004). The IRT phenotype can be masked by the nergial
amplification and subsequent sequencing of oneraazin this case TEM-1. The absence of
chromatograms also creates difficulty in ascenwnihe presence of these enzymes.
Substitutions in the promoter region of the IRT geawoding region also may affect the
expression of IRT enzymes thus affecting the sieleatf IRT producing isolates (Canteh
al., 2008). The poor susceptibility to amoxycillin/cidanate, 6% in 2000 and 33% in 2007
in these two populations could very well indicake tpresence of IRTs, however further

studies would provide further information in supipafrthat hypothesis.

Plasmids have been important contributors to tp&racquisition of antibiotic resistance by
pathogenic bacteria through their ability to aceguiesistance genetic determinants and to
transfer them among bacteria belonging to the samaifferent genera and species (Bisétie
al., 2008). These resistance genes which are usualatedanside transposable elements,
integrons and insertion sequences (IS) help tdititel their mobility. The plasmid profiles of
the isolates in this study showed extensive dityeesnd the plasmid banding patterns did not
match the resistance profiles of isolates withia §ame group. Studies have shown that
members of a single epidemic strain may carry iffe plasmids and genotypically non-
related strains can produce the same ESBL dueasod transfer between species (Paterson
and Bonomo, 2005; Bauerfierel al., 1996 and Fietet al., 2000). Genes for antibiotic

resistance and pathogenicity are usually plasmidd@nd this poses a threat when such
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plasmids are conjugative as it allows pathogenitgt resistance genes to disseminate across
strains, species and even generadiYal., 2010). Independent evolution due to antibiotic
pressure plays a role as well as it has been avilaendifferent plasmids have the ability to
mediate the same ESBL (Paterson and Bonomo, 208&df@dd, 2001). Resistance has
increased from 2000 to 2007 with the isolates tesighis study; the banding patterns from
2007 shows a slightly higher genetic diversity whiocould be the reason for the higher
resistance in this population. Zhetaal., (2010) reported an increase in multi-drug resigtanc
in isolates collected over two time frames, thdaias collected from the later time showed a
remarkable increase in MDR with a high genetic diitg in the plasmids of thi€ pneumonia
strains collected. The authors suggest that bacgtrengthen their antibiotic resistance by
frequently exchanging multi-resistance plasmids bBgdhaving elevated mutation rates in
their plasmids. A high copy number of antibiogsistance genes have also been attributed to
a high level of MDR; integrons have the power tgseasble resistance genes in a correct
orientation to supply a strong promoter for theregpion of these genes (Zhetaal., 2010;
Nikaido, 2009). The high mutation rate in plasmigs well as the widespread gene
duplication or loss, or lateral gene transfer i pfasmids is an important factor to consider in
multi-drug resistance (Zha al., 2010).

Vaidya, (2011) reported several cases of multigdresistantE. coli and K. pneurmonia
(MDR-EK) in various studies that showed no linkvee¢n MDR and previous exposure to
antibiotics. Rodriguegt al., (2005) reported a case of 100 healthy executivesivieg a
routine check-up in Mumbai showed the presencelé&b bf ESBL producingde. coli andK.
pneumonia with none of them having been admitted in hospiaialhaving received any
antibiotic therapy in the last six months beforstitey. This is indicative of the role that
plasmids play in antibiotic resistance. When thed®n pressure of antibiotics is exerted,
bacteria already have a large population of resigta@genes available to them and this creates

an ongoing spread of antibiotic resistance (Vai@yd,1).

3.2 Antibiotic use and resistance

The introduction of antibiotics into modern medeihas been a very important stepping
stone in attempting to circumvent the rate of miytalue to nosocomial infections; however
the intensive use of antibiotics has only serveth¢oease the frequency of resistance among
many pathogens to date (Andersson and Hughes, 20%@yeral studies, as reported by
Hawkey, (2008) and Andersson and Hughes, (2010g havestigated the effect of the

correlation between the reduction in antibiotic asel the increase in susceptibility. Many
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studies demonstrated the effectiveness of antibio@striction and an increase in

susceptibility however such investigations wereiedrover 12 or more years.

Table 3.3 The change in overall antibiotic use ansceptibility between 2000 and
2007

Antibiotic Use Susceptibility
Antibiotic 2000 2007 change | 2000 2007 change
Ampicillin 0.00¢ 0.00: -0.01%
Piperacillin sodium injectic 0.001 0.001 0.000: |O 0 0
Pipracillin/tazobactam injectic 0.097 O -0.09: 80 89 9
Amoxicillin-clavulanat 0.97: 0.077  -0.90: 40 26 -14
Cefuroxime Sodium Injectic 0.04: 0.02¢  -0.01¢ 20 0 -20
Cefotaxime Injectio 0.00¢ 0.005¢ -0.000: | 60 0 -60
Ceftazidime Injectio 0 0.000: 0.000: |10C 11 -89
Amikacin Injectior 0.00¢ 0.01: 0.00¢ 10C 95 -5
Gentamicin injectio 0.001 O -0.001 0 0 0
Nalidixic acid tablet 0.00¢ 0.001 -0.007 |60 11 -49
Ceftriaxon: 0.01¢ 0.06¢  0.04¢ 20 0 -20
Ciprofloxacir 0.03: 0.02¢ -0.00¢ | 8C 11 -69

Table 3.3 shows the change in susceptibility fob®@nd 2007 as well as the change in
antibiotic use. Susceptibility decreased betweddD2dhd 2007 in eight of the drugs that we
tested. Three of the drugs tested, viz. ampuilpiperacillin sodium injection and
gentamicin injection showed no susceptibility inttbggears. There was only one drug,
piperacillin/tazobactam injection where susceptipiincreased. The median susceptibility
decreased significantly between the two years f@o#nin the year 2000 to 0.055 in the year
2007, p =0.01 (Table 3.4)

Increase in antibiotic resistance has been la@tiputed to the overuse of antimicrobials as
well as the transfer of resistance genes via pldsniihe results in table 3.3 indicates that the
overall antibiotic use has decreased in 2007 homhes susceptibility has decreased. There
are other factors to consider in the decrease sonegtibility; firstly, infection control; there

are strict prevention and infection control guide8 that are to be implemented in hospital
and health care settings. The guidelines strictgnmte hand hygiene with health care
workers when dealing with patients and their envinents as well as implementing patient

contact precautions for infected patients (SydmarRerl, 2011).
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In such settings the compliance to adhere to sushsaores may be poor which undermines
the usefulness of such measures. Owens and Ri@@6) described various studies which
report failure to adhere to infection control pm& and the ramifications of such non-

compliance which ultimately lead to the dissemmabf resistant pathogens.

Such infection control strategies apply to clinidaboratories as well where protocols
consistent with CLSI guidelines should be followeith respect to the detection of infectious
organisms. Hospitalized patients often undergotacer procedures and invasive
manipulations which contribute to colonization amtfection with ESBL producing
organisms. Pfaller and Segreti, (2006), report se-@@ntrol study designed to identify risk
factors in acquiring ESBL producing K. pneumonidey reported that a tracheostomy and
the insertion of a Foley catheter, endotracheaé tufasogastric tube and a central venous
catheter were all associated with infection with BE$roducing K. pneumonia. The
association was made based on the assumption #t&n{s requiring such invasive
manipulations require a longer stay in hospitalahienders them susceptible to resistant
pathogens. Peret al., (2001) also reported a case of ICU patients whieeeirtfection of
ESBL K pneumonia was much higher than non-ESBL pneumonia (96% vs. 46%) due to
ICU patients undergoing a larger number of invagorecedures therefore the risk of
inappropriate catheter manipulation being greaténother important factor to consider is
surveillance with respect to supply and ration&l. iis many countries where healthcare is not
easily accessible or affordable, many patients skekassistance of medicine dispensaries
whereby self medication without prescription isweommon. Surveillance measures need to

be put into place for the rational use and avditgtmf antimicrobials.

Table 3.4 Wilcoxon signed rank test for overall idigtic use and Susceptibility in 2000 and
2007

2000 2007

n median IQR n median I1QR p value*
Antibiotic Use 12 0.00¢ (0.0035-0.0375 | 12 0.00¢ (0.0006- 0.0225 | 0.1z
Susceptibilit 12 0E (0.1-0.8) 12 0.05¢ (0-0.185 0.01

* using wilcoxon signed rank te

Antibiotic use increased for 4 drugs, viz. amikacioeftriaxone, ceftazidime and piperacillin
sodium and decreased for the remaining 8 drugse nidian use in the year 2000 was
slightly higher (median = 0.009) when comparedhi® year 2007 (median = 0.004) but the

difference did not reach statistical significange; 0.12.

54



Many studies could not conclusively provide evidefar an increase in susceptibility despite
restricted use of antibiotics and showed still ardase in susceptibility. With respect to the
isolates that were tested in this study, we see@edse in susceptibility. This can be
attributed to the horizontal gene transfer mechmasisnentioned earlier, which microbes
make use of to acquire resistance as well asdleetsve pressure of the antibiotics being
used in the time frame between the collection dateéke isolates. Further investigation into
this may provide additional evidence to prove tlgpdihesis with respect to populations in

Kwa-Zulu Natal state hospitals.

Table 3.5 The change in grouped Antibiotic Use &ndceptibility for 2000 and 2007

Antibiotic Use Susceptibility
Antibiotic 2000 2007 change 2000 2007 change
Decrease in susceptibility
Increased Antibiotic Use
Amikacin Injectior 0.00¢ 0.01: 0.00¢ 10C 95 5
Ceftriaxont 0.01¢ 0.06¢ 0.04¢ 20 0 20
Ceftazidime Injectio 0 0.00(2 0.000: 10C 11 89
Decreased Antibiotic Use
Amoxicillin-clavulanat 0.97: 0.071 -0.902: 40 26 14
Nalidixic acid tablet 0.00¢ 0.001 -0.007: 60 11 49
Ciprofloxacir 0.03: 0.02¢ -0.00¢ 80 11 69
Cefuroxime Sodium Injectic 0.04: 0.02¢ -0.C18¢ 20 0 20
Cefotaxime Injectio 0.00¢ 0.00¢ -0.000: 60 0 60
No decrease in susceptibility
Increased Antibiotic Use
Piperacillin sodium injectic 0.001 0.001: 0.000: 0 0 0
Decreased Antibiotic Use
Piperacillin/tzobactan
injection 0.097 0 -0.097 80 89 -9
Ampicillin 0.00¢ 0.00z -0.006¢ 0 0 0
Gentamicin injectio 0.001 0 -0.000¢
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Table 3.5 shows the comparison of antibiotic ussuge susceptibility in groups. The drugs
were divided into two groups, those that showee@@ehse in susceptibility (n = 8) and those
that did not (n = 4). The change in antibiotic bséween the years 2000 and 2007 was then
calculated for each group in order to determinehdinge in use differed in the two groups.
The change in use for drugs showing no change stegtibility (median =0.0038) was
similar to the change in use for drugs showing@eiese in susceptibility, (median = 0.0035),
p = 0.2 (Table 3.6). This lead us to believe thate is co-carriage of resistance genes in the

isolates that were tested.

Table 3.6 Wilcoxon signed rank test for the groupetibiotic use and susceptibility in 2000
and 2007.

Susceptibility n median IQR p value*
No chang 4 0.003¢  (0.00%-0.052

Decreas 8 0.003t (-0.0006- 0.0151 0.2¢
Total 12 0.003¢ (-0.001- 0.0151

* using wilcoxon signed rank te

For more than two decades, there have been reportaitbreaks caused by gram negative
bacilli containing ESBLs and their resistance tphadosporins as well as othpflactam
antibiotics (Medeiros, 1997). A study by Wiengral., 1999 uncovered an outbreak in
American nursing homes of ceftazidime resisténtpneumonia and E. coli. The authors
reported that infection with those strains were ihaodien not linked with ceftazidime use and
it was possible that the use tfimethoprim-sulfamethoxazole may have selected for
ceftazidime-resistant strains because of plasmikbhiie of the resistance determinants for
these drugs. A later study by Saletral., (2001) also reported fluoroquinolone resistance

with considerably high levels of ceftazidime resiste in the same isolates.

It has been eviderthat quinolone resistance was the result of mutationshromosomal
genes coding for targets of quinolone action. Hawevrequent co-existence of ESBL
production and quinolone resistance had been r&tatersoret al., 2004). Table 3.3 shows
evidence of this with the increase in resistance céftazidime as well as to the
fluoroquinolones with an increase in ceftazidime umit a decrease in fluoroquinolones.
Hawkey and Jones, (2009), reported that it is ptessihat low level plasmid-encoded
fluoroguinolone resistance has provided a selecideantage for bacteria exposed to
fluorogquinolones to allow the easier selection ighHevel resistance mutations in the Gyrase
subunit gyrA, thus explaining the association of chromosomahajane resistance with

plasmid-encoded ESBL genes.
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An organism that is resistant to multiple drugsmsre susceptible to selection by the
exposure to even one of those drugs as is evideonui study. Tumbarellet al., (2006)
showed significant evidence of this in their popiola where 50% of the isolates were
resistant to fluoroquinolones and were from pasienho had been previously undergone
antimicrobial treatment. A study by Schwaleeal., (2005), tested four of the most common
Enterobacteriaceae against ciprofloxacin, gentamicin, amikacin, pipgdiia/tazobactam,
trimethoprim-sulfamethoxazole and imipenem to compantimicrobial co-resistance
between ESBL producing and non-ESBL producing tsslaHigh levels of co-resistance
were observed>(40%), to all agents with the exception of amikaaimd imipenem, in the
ESBL producers. The authors suggested that thisesistance could be a result of
transferable elements that confer resistance tim@nbbials other thaf-lactams and travel
on or alongside ESBL-containing plasmids yieldingltrdrug resistant bacteria. Table 3.7
shows the MIC values of the aminoglycosides andréiguinolones tested in this study.
Many of the isolates collected in 2007 have showacreased susceptibility to

aminoglycosides and fluoroquinolones.
With respect to the resistance to aminoglycosided #uoroquinolones as well as the

resistance to "3 generation cephalosporins, this study has confirthe presence of multi-

drug resistance in these ESBL- producing strairt€ rieurmonia.
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Table 3.7 MiICvalues (ug/ml) for aminoglycosides and fluoroquinolor
tested for both collection dates.

2000 Amikacin  Ciprofloxacin  Gentamicin Nil\igz(ic
KEH6 0.2t 0.12¢ 64 8
KEH3 0.t 0.0¢ 64 8

KEH10C 0.2t 0.12¢ 64 128
KEH21 0.2t 0.0z 64 8
KEH81 0.t 4 64 128

2007 Amikacin  Ciprofloxacin ~ Gentamicin Nil\i((:ji:;(ic

KEH150¢ 2 16 64 128
KEH89: 2 4 64 16

KEH260¢ 4 16 64 128
KEH2787 4 16 64 128
KEH278¢ 2 16 64 128
KEH292¢ 1 0.2t 64 128
KEH3217 8 32 64 128
KEH3281 32 32 64 32

KEH340¢ 16 4 64 128

Figure 3.2 is an illustrative comparison of thergase in resistance to aminoglycosides and
fluoroquinolones between the two collection perioDsie to resistance being carried on a
variety of resistance determinants that may begmated on plasmids of different sizes, this
creates difficulty in curbing the spread of resis@ by just controlling the use of

antimicrobials.

58



120

100

80 4
60

= 2000
40 -

= 2007
20
o 4 -

Amikacin Ciprofloxacin Gentamicin Nalidixic Acid

Minimum Inhibitory Concentration {pg/ml)

Antibiotic

Figure 3.2 lllustration of the increase in resisg@to aminoglycosides and fluoroquinolones
over the two collection periods

Various modes of dissemination of MDR has beenritest and attributed to plasmid spread
and gene transfer via integrons however it is \wly that dissemination does occur as a
result of antibiotic selection pressure (Weegeal., 2010). There have been reports from a
few studies which suggest a positive associatiomvden antimicrobial consumption and
bacterial resistance, however there are many stulda claim that these associations are not
evident. The association between antibiotic congiom@nd resistance is frequently seen at a
patient level in case control studies, and alsa &bspital and community level, the same
relationship can be seen with susceptibility whéyeereduced use of one agent is associated
with increased use of another (Gould, 2009). Algty Bergmaret al., (2009) investigated
the association between antimicrobial resistancg @snsumption. There was no direct
correlation between resistance and overall consomiut they did report a few significant
relationships between resistance and certain ambimials such as nitrofurantoin use and
nitrofurantoin resistance as well as amoxicillire @d fluoroquinolone resistance. There was
however no correlation between fluoroquinolone aise fluoroquinolone resistance. A study
by van de Sande-Bruinsmaah al., (2008), however did find a strong correlation betwe
fluoroguinolone use and fluoroquinolone resistambéch they attribute to mutations in the
chromosomal genes resulting in a modification ef iolecular target which eventually leads
to complete resistance.
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A study undertaken by Hset al., (2010) reported no significant correlation between
antimicrobial use and resistance. One of the reasarggested by the author was the
limitation of using the DDD for antibiotic use dat&esistance selection pressure occurs at
the individual level and the DDD does not take imatcount the individual exposure to
antimicrobial treatment as it will vary from patieto patient. It is mainly patients who are
susceptible to drug resistant pathogens that redsiwad spectrum antibiotics therefore the
DDD presents inherent biases based on the fackes tinto account to calculate DDD (Hsu
etal., 2010). A study by Laet al., (2011) reported non-uniform relationships with tisage
and resistance in their bacterial isolates whicls wanitored in various hospitals over a
period of ten years. The suggested reasons hadthedmitation of using the DDD as well

as the co-resistance between different classastibi@ics that were not taken into account.

In light of both arguments however, emphasis magplaced on the rational and sensible use
of all antimicrobial agents. It is imperative ttzttibiotic consumption and the relative rate of
antimicrobial resistance are monitored. Infecti@ntcol measures in hospitals and in the
community need to be monitored and strict compkasicould be implemented in order to

reduce the dissemination of these resistance strdihere needs to be specific attention paid
to the accurate detection of ESBL producers, ttieatment strategies and infection control
policies. These concerns are of the utmost impoetan helping reduce this growing

epidemic.
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CHAPTER FOUR

CONCLUSION, LIMITATIONSAND FURTHER STUDIES

4.1 Conclusion

Many researchers have stressed that bacteria @auigithto have evolved 3500 billion years
ago and the use of antimicrobials have only bednnpa effect for about 60 years now, thus
leading to the argument that bacteria suck.agneumonia have had more time to adapt to
the various conditions in their environment. It teeen said by Spellburg al, (2008) that

their genetic plasticity and the rapid rate of theeplication has given bacteria an
immeasurable advantage over even modern medicioastant attempts to curtail the

problem of increasing resistance.

The two small bacterial populations in this invgation along with numerous studies done
over many years provide proof to this claim. THems been a decrease in susceptibility over
the two time frames and although there were no Ingvactamases identified in this study,
we have identified a trend with a decrease in suignbty over time further proving bacterial
evolution. This study presented us with a vard@t-lactamases and a diversity of plasmid
profiles and by extension genetic determinants iniclw they appear to reside has

demonstrated the ease of dissemination.

Improvements in prescribing-lactams has been recommended as a way to redeidagh
levels of resistance over the years, however, i $tudy it was observed that resistance
increased despite only a slight increase in theofisefew antibiotics to which we attributed
co-carriage of resistance genes. It is certainlyaathgeous to use antibiotics only when
suitable, to try to limit the selective pressurattimcreases the frequency of resistance. On the
other hand, a distinction between an increase tibiatic usage causing the increase in
bacterial resistance or the rate at which resistaspreads (Andersson and Hughes, 2010;
Spellburget al, 2008) must be recognized if a solution is to tsated to solve the problem of

antibiotic resistance.
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4.2 Limitations

The full gamut of potential genetic determinants re$istance such as integrons, gene
cassettes and insertion sequences were not inaestig

Definitive identification of ESBLs were restrictdd a few classes because of financial
constraints and the full range of putative ESBLsaentfus not investigated.

The acquisition of control strains was precludedibgncial constraints

4.3 Further Studies

PCR and sequencing have proven to very complex expeénsive in routine genotypic
detection of ESBL genes. High Resolution Melt Assdy(HRMA), a fairly recent technique
is a simple solution for genotyping, mutation saagras well sequence matching (Reedl,

2007). HRMA is being increasingly applied to idéntresistance mutations in various
organisms with a wide range of antimicrobials (Hg@aGrass and Strahilevitz, 2010). The

use of such a tool will prove very useful to detesistance easily in the clinical laboratory
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APPENDIX ONE

1M Tris Solution pH 7.0
Tomakellitre:

121.1 g Tris base
800 ml sterile distilled water
Dissolve Tris in sterile distilled water and adjtis¢ pH with concentrated HCI:

Bring to 1 litre with sterile distilled water

Sodium Dodecy! Sulphate (SDS) solution
A 6% SDS solution was prepar ed asfollows:

69 of Sodium dodecyl sulphate (Sigma Aldrich)
100ml Sterile distilled water

10X TE (Tris-EDTA) Buffer
Tomakellitre:

100 ml 1 M Tris-HCI pH 7.5
20 ml 500 mM EDTA pH 8.0 (Fluka)

880 ml sterile distilled water

10X TAE Buffer

Tomakellitre:

48.4 g of Tris base [tris(hydroxymethyl)aminometén
11.4 mL of glacial acetic acid (17.4 M)
3.7 g of EDTA

Sterile distilled water

50 MM Tris: 3% SDS solution

Equal volumes of 50mMtris(hydroxymethyl)aminometbaolution and sodium
dodecyl sulphate solution were mixed to yield aalffisolution of 50 mM tris
(pH:8): 3% SDS. (1:1) solution
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