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ABSTRACT

Plasmid-mediated class C B-lactamases are reported from Enterobacteriaceae with increasing
frequency. They likely originate from chromosomal AmpC of certain Gram-negative bacterial
species and subsequently are mobilized onto transmissible plasmids.

The objective of this study was to detect plasmid mediated AmpC B-lactamase among
Enterobacteriaceae isolates from hospitalized patients in Khartoum State, Sudan using
phenotypic test and multiplex PCR Assay.

A total of 76 clinical isolates of Enterobacteriaceae were included in this descriptive-cross
sectional laboratory based study. The isolates were collected from hospitalized patients in
Khartoum State, including both males and females with different age using non-self-constructing
information form. The isolates were stored in 20% glycerol peptone medium and inculated in
MacConkey agar. Antbiotic susceptibitity test was carried out using Modified Kirby Bauer
technique. Confirmation of the AmpC B-lactamase production was done by Cefoxitin-cloxacillin
double disk synergy test. DNA was extracted using guanidine chloride method and AmpC B-

lactamase genes was detected by used multiplex PCR assay.

Out of 76 isolates; 9( 22.0%) isolates were found positives by Cefoxitin-cloxacillin double disk
synergy test. Plasmid mediated AmpC f-actamase genes were detected only among 6(7.9%) of

the total isolates.

Detection of Amp C production is crucial in order to establish the antibiotic therapy and to attain
the favorable clinical outcomes.
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CHAPTER |
INTRODUCTION

1.1. Introduction

Enterobacteriaceae are major cases of community and health care acquired infection (Paterson,
2006). B-Lactamase production is the main mechanism underlying resistance to B-lactam
antibiotics in Enterobacteriaceae. B-Lactamase genes are often located on plasmids or
transposons, making them readily transmissible among different species (Normark et al., 2002).
AmpC class p—lactamases are cephalosporinases that are poorly inhibited by clavulanic acid,
they can be differentiated from other extended spectrum B-lactamases (ESBLS) by their ability to
hydrolyse cephamycins like cefoxitin as well as other extended spectrum cephalosporins
(Jacoby, 2009). Members of the family Enterobacteriaceae such as Enterobacter spp, Citrobacter
freundii and Serratia marcescens have chromosomally encoded AmpC class B-lactamases,
plasmid-mediated AmpC p-lactamases derived from the chromosomal encoded AmpC p-
lactamases and reported most in Klebsiella spp, Salmonella spp, Enterobacter aerogenes, and
Proteus mirabilis (Coudron et al., 2000 and Philippon, 2002). During the last decade plasmid-
mediated AmpC-type B-lactamases have been increasingly isolated worldwide and linked to

treatment failure. (Jacoby, 2009).

Detection of AmpC-producing Enterobacteriaceae is significant clinical relevance, since AmpC
producers may seem susceptible to expanded-spectrum cephalosporin when initially tested, this
may lead to inappropriate antimicrobial regimens and therapeutic failure (Pai et al., 2004).
Carriage of plasmid mediated AmpC is often associated with multidrug resistance (e.g. resistance
to aminoglycosides, quinolones and co-trimoxazole) and bacteria producing AmpC B-lactamase
enzyme are more likely to become resistant to carbapenems (Pitout, 2012, Rodriguez-Bano et al.,

2012). A number of detection methods for Bla-AmpC were proposed, the comparative sensitivity
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and specificity of these methods has not been comprehensively studied. The lack of an agreed
AmpC p-lactamase detection methods hinders the investigation of their epidemiology and
understanding of their clinical significance. Multiplex PCR for AmpC- pB-lactamase genes
detection is available as a research tool, but is expensive and is not yet available for routine use
(Pérez-Pérez et al., 2002).

1.2.Rationale

The epidemiological profile of Sudan, as low and middle-income country, where malnutrition
and infectious diseases are the main causes of morbidity and mortality, infections due to
Enterobacteriaceae are on rise world over, the wide use of broad-spectrum antibiotics can lead to
colonization with resistant strains which can transmit among people and animals and from one
country to another without notice, multidrug resistant-Gram negative rods (MDR-GNRs) are
most often documented in acute care facilities (Faiyaz et al., 2019). AmpC B-lactamase are one
of the common class of B-lactamase detected from cephalosporin’s resistant, it frequently
assosited with production of multidrug resistance bacteria, most clinical laboratories and
physicians remain unaware of their clinical importance and there are no recommendations
available from the NCCLS or elsewhere for detection of organisms producing plasmid-mediated
AmpC B-lactamase genes, current detection methods for organisms producing plasmid-mediated
AmpC pB-lactamases are technically demanding for clinical laboratories to perform on a routine
basis , as a result, organisms producing these types of B-lactamase often go undetected and
therefore have been responsible for several nosocomial outbreaks (Thomson, 2001). The
detection of organisms producing these fB-lactamase is very important for enhanced infection
control and to ensure effective therapeutic options, multiplex PCR is available as a research tool
for detection of plasmid-mediated AmpC B-lactamases but is not yet available for routine use in

clinical laboratories (Pérez-Pérez et al., 2002).

There is dearth of information on documentation of plasmid-mediated AmpC B-lactamases genes
in  Sudan so detection of plasmid-mediated AmpC [-lactamases genes among
Enterobacteriaceaeis isolates from different clinical specimens will be a great value and have

important role in understanding the spread of this pathogen.
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1.3. Objectives
1.3.1. General objective

To detect plasmid mediated AmpC B-lactamase genes among Enterobacteriaceae isolates from
hospitalized patients in Khartoum State.

1.3.2. Specific objectives

1. To identify members of Enterobacteriaceae isolates that collected from different hospitals
using convential biochemical tests.

2. To screening for cephalosporin-resistant Enterobacteriaceae using Kirby-Bauer disk diffusion
method.

3. To confirm the AmpC [-lactamase production using Cefoxitin-cloxacillin double disk
synergy test .

4. To detect AmpC B-lactamase genes among cephalosporin-resistant Enterobacteriaceae using

multiplex PCR assay.
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CHAPTER I

LITERATURE REVIEW

2.1. History of AmpC p-lactamase

Most antibiotic classes we used as medicines today such as penicillin are discovered and
introduced at period between (1940-1962) which known as golden period of antibiotics (Singh et
al., 2006). The most common mechanism for resistant to p-lactam antibiotic among Gram
negative bacteria is the production of B-lactamase. In 1980 new pB-lactam drugs such as
cephalosporins, carbapenems and monobactams with greater -lactamase stability introduced to
meet the challenge of resistance, but the emergency of resistance to expanded spectrum
cephalosporins has been a major concern (Abraham et al., 1940).

Initially the resistance appeared in organisms such as Enterobacter cloacae, Pseudomonas
aeruginosa, Citrobacter freundii and Serreatia marcescens due to mutation in chromosomal
genes result in over expression of B-lactamase resistance genes such as class C (group 1) B-
lactamase (AmpC) that provide resistance to cephalosporin later on cephalosporin resistances
appeared among bacterial species that lack an inducible chromosomal mediated AmpC gene such
as; Escherichia coli, Salmonella spp and Proteus meribles , this type of resistance was mediated
by plasmids encoding B-lactamase such as ESBLS genes and AmpC genes (Jacoby, 2009), in
1989, Bauernfeind et al described a Klebsiella pneumoniae isolate from South Korea that could
transfer resistance to cefoxitin and cefotetan as well as to penicillins, oxyimino-cephalosporins,
and monobactams to Escherichia coli, the first proof that a class C B-lactamase had been
captured on a plasmid was provided by Papanicolaou et al., who described transmissible

resistance to alpha-methoxy- and oxyimino-beta-lactams mediated by an enzyme (MIR-1) with
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the biochemical properties of a class 1 B-lactamase and showed that part of the MIR-1 gene was
90% identical to the AmpC gene of Escherichia cloacae, subsequently, plasmid-mediated class

C B-lactamases has been discovered worldwide (Papanicolaou et al, 1990).

2.2. Mechanisms of antibiotics resistance among Gram-negative rods

Intrinsic resistance due to mutation in chromosomal genes resulting in over expression of
antibiotic inactivating enzymes or efflux pumps and permeability alterations by loss of outer
membrane porins, or target modification (Ruppe et al., 2015).

Acquired resistance by horizontal transfers of mobile genetic elements (MGES) caring resistance
genes most commonly plasmid encoding B-lactamases, aminoglycosidases-modifyiny enzymes
(AMEs) and non enzymatic mechanisms such as Qnr for fluoroquinolone resistance in

Enterobacteriaceae (Ruppe et al., 2015).
2.3.p-lactam antibiotics

B-lactam antibiotic are one of the widely used antibacterial agents until now, it is contain -
lactam ring (3 carbon and 1 nitrogen ring) in their molecular structure, this range act as potent
inhibitors of cell well synthesis (Chast, 2008).

2.3.1. Types of p-lactam antibiotics
2.3.1.1. Penicillins

Are one of the oldest class of p-lactam antibiotic contain a nucleus of 6 aminopencillanic acid
(lactam plus thiazolidine) rang and other ring side chains, penicillin derived originally from
Penicillium moulds (Chast, 2008).

2.3.1.2. Cephosporins
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Are pB-lactam antibiotic original delivered from fungi Acremonium also known as
cephalosporium they contain a 7- amino cephalosporunic acid nucleus and side chain contain 3,6
dihydro- 2h-1, 3- thiazani rings. There is 5 generation of cephalosporins grouped by their
antimicrobial properties , each newer generation has significantly Gram negative antimicrobial
properties than preceding generation and in most decreased activity against Gram positive
bacteria (Chast, 2008).

2.3.1.3. Carbapenems

Are class of highly effective B-lactam antibiotic their structure is carbapenems coupled to beta-
lactam rang that confers production against most B-lactamase and used to treat severe infections
and infection caused by multi drug resistant Gram negative bacteria. Resistance to these
antibiotics classes are serious issue and occur mainly among Gram negative pathogens such as
Klebsiella pneumoniae, Acintobacter baumannii and Pseadomonas aeroginosa (Inverarity,
2010).

2.3.1.4. Monobactams

Are B-lcactam ring stands alone and fused to another ring and it effective only against Gram
negative bacteria such as Neisseria and psudomomas. Example of monobactams; Aztreonam
(Sykes, 1981).

2.3.1.5. g -lactam inhibiter

Are work primary by in activating the serine B-lactamases such as; Clavulanic acid, sulbactam
and vaborbactam that active against carbapenemases such as Klebsiella pneumonias
carbapenemases (KPC) (Elliott, 2017).

2.3.2. Mechanisms of action of p -lactam antibiotic
B-lactam inhibit the last step in peptidoglycan synthesis by acetylating the transpeptidases

involved in cross-linking peptide to form peptidoglycan, the transpeptidation reaction are
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important feature of bacterial cell wall synthesis and results in the cross linking of two glycan —
linked peptide chains of peptidoglycan (the man constituent of bacterial cell walls) (Suarez et al.,
2009). The trans-peptidase enzyme that binding the penicillin or other p-lactam antibiotic are
known as Penicillin binding proteins (PBPs) , when bind to penicillin are forming penicillin —
PBP complex that fail to catalyze transpeptidation reaction but cell wall continues to be formed
and the newly synthesized cell wall is no longer peptide bridged ,cross linked and therefore the
synthesis of complete fully cross-linker peptidoglycan is blocked resulting in death of bacterial
cells by osmotic lysis process. Penicillin-PBP-complex are also stimulates the release of
autolytic enzymes that digest the existing cell wall and some special proteins called bacterial

alanine which form holes on plasma membrane (Winn, 2006).
2.3.3. Inducing abilities of p-Lactam

Strong inducers and good substrates for AmpC beta-lactamase; benzylpenicillin, ampicillin,
amoxicillin, and cephalosporins such as cefazolin and cephalothin. Inducers but are much more
stable for hydrolysis; cefoxitin and imipenem. Weak inducers and weak substrates but can be
hydrolyzed if enough enzyme is made; Cefotaxime, ceftriaxone, ceftazidime, cefepime,

cefuroxime, piperacillin, and aztreonam (Neu, 1985).
2.3.4. Mechanisms of bacteria resistance to p-lactam antibiotic

Bacteria resistance to B-lactam antibiotic by; production of p-lactamases enzyme, decrease
penetration to target site example; resistance of Pseadomonas aeroginosa, alteration of target site
PBPs example; penicillin resistance in Pneumococci and efflux from the periplasmic spaces
through specific pumping mechanism (Spratt, 1994, Bush et al., 1995 and Denyer et al., 2002).

2.4. B-lactamases enzymes

Are common mechanism’s of resistance to B-lactam among Gram negative bacteria. p-lactamase
are able to hydrolysis the chemical compounds containing in B-lactam ring C (Bush et al.,
1995).

2.4.1. Classification of g-lactamase enzymes
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The enzymes are divided into four classes based on the primary sequence similarity and catalytic
mechanism. Classes A, C and D utilize an active-site serine in their mechanism of action,
whereas class B p-lactamases require divalent metal cations (Zn) to catalyze p-lactam hydrolysis
(Ambler, 1980). Some infectious bacteria have not only acquired p-lactamases to counteract the
effects of traditional p-lactam antibiotics, but have also acquired variant forms of these enzymes
to hydrolyze newly developed extended-spectrum B-lactam antibiotics (Petrosino et al., 1998).
The new classification by Bush-Jacoby- Medeiros systems classifies the enzymes according to
their substrate profiles and susceptibility to B -lactamase inhibitor such as clavulanic acid into

several groups (Bush, 1989).

2.5. AmpC p-lactamases
2.5.1. Types of AmpC B-lactamases
2.5.1.1. Chromosomal mechated AmpC B-lactamases.

Some Gram negative organisms such as Citrobacter , Serratia , Pseudomonas or Protous,
Acinetobacter and Enterobacter are in state of chromosomally mediated AmpC hyper production
by mutation in the suitable environment, the development of resistance upon therapy is
serious clinical problem. Ampicillin, amoxycillin, and cefazolin are regarded as strong inducers,
excellent substrate of AmpC B-lactamases and B-lactamase inhibitors are also inducers of AmpC
and can gives to treatment failure with drugs appeared susceptible invitro (Jaurin, et al., 1981
and Knott-Hunziker et al.,1982).

2.5.1.2. Plasmid mediated AmpC -lactamases

Since, 1989 the global distribution of Gram negative bacterial strains with plasmid—encoded
AmpC genes were detected among nosocomial and Enterobacteriaceae isolates. There are minor
differences in amino acid sequence given rise to families of plasmid-encoded AmpC genes
(Ogata et al., 2005), this plasmid mediated AmpC p-lactamase have been named according to
the; Resistance produced by which antibiotic into (CMY family (43 alleles); Cephamycin, FOX
family (7 varietes); Cefoxitin, MOX family (3 varieties); Moxalatem, LAT family (4 varieties);
Latamoxif), type of B lactamase (ACC family(4 varieties)), region of discovery (MIR family (4
varieties); ( MIRIAM HOSPITAL IN PROVIDENCE), DHA family (2 varieties); Dharan
hospital in Saudi arabia). This plasmid enzyme-related and very closely to chromosomally
determined AmpC enzymes, Examples; CMY has 6 varieties; CMY-1, 8, 9, 10,11 and 19 related
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to chromosomally determined AmpC enzymes in Aeromonas spp. Other enzymes are related to
Citrobacter freundii. LAT-2 was identical to CMY-2, LAT-3 was identical to CMY-6, and
LAT4 was to LAT-1. The genes for ACT-1,DHA-1,DHA-2,& CMY-13 are linked to ampR
genes, and are inducible. while others are not. AmpC plasmids lack ampD genes, but the
expression of ACT-1 increased with the loss of chromosomal Amp D function (Higgins et al.,
2001). Plasmids carrying genes for AmpC B-lactamases carry other gene resistance including
aminoglycosides, chloramphenicol, quinolones, sulphonamides, tetracyclines, trimethoprims and
TEM-1, CTX-M3,SHV varieties. The AmpC gene is usually a part of integran and the same
gene can be incorporated in to different backbone on different plasmids. A variety of genetic
elements are implicated in the mobilization of AmpC genes onto plasmids (Stock et al., 2003).

2.5.2. Regulation of AmpC B-Lactamase enzymes and mechanisms of resistance

In many Gram negative bacteria, AmpC expression is low but inducible in response to p-lactam
exposure. The disruption of murein biosynthesis by B-lactam agent leads to an accumulation of
N-acetylglucosamine-1,6-anhydro-N-acetylmuramic  acid  oligopeptides, the  N-acetyl
glucosamine moiety is removed to produce a series of 1, 6-anhydro-N-acetylmuramic acid tri-,
tetra, and pent peptides, these oligopeptides compete with oligopeptides of UDP-N-
acetylmuramic acid for a binding site on AmpR, a member of the LysR transcriptional regulator
family. Displacement of the UDP-N-acetylmuramic acid peptides signals a conformational
change in AmpR, which activates the transcription of AmpC (Hanson, et al., 2008). The cell has
an enzyme, AmpD, a cytoplasmic N-acetyl-muramyl-L-alanine amidase, that removes stem
peptides from the 1,6-anhydro-Nacetylmuramic acid and N-acetylglucosamine-1,6-anhydro-
Nacetylmuramic acid oligopeptide derivatives, thus reducing their concentrations and preventing
the over expression of AmpC, the most common causes of AmpC over expression in clinical
isolates are mutation in; ampD, AmpR and AmpG which is an inner membrane permease that
transports the oligopeptides involved in cell wall recycling and AmpC regulation into the cytosol
(Hanson, et al., 2008).

Different organisms add additional features to AmpC regulation for example: E. coli lacks an
ampR gene, consequently, AmpC in E. coli is non inducible but is regulated by promoter and
attenuator mechanisms (Jaurin et al., 1981), as is AmpC production in Shigella (Bergstrom et al.,

1982), Acinetobacter baumannii also lacks an ampR gene so that its AmpC B-lactamase is non
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inducible (Bou and Martinez-Beltran, 2000), AmpC in Serratia marcescens is regulated by
ampR, but the AmpC transcript has an unusual untranslated region of 126 bases forming a stem-
loop structure that influences the transcript half-life (Mahlen et al., 2003), P. aeruginosa PAO1
has three ampD genes, explaining the stepwise up-regulation of AmpC production seen in this
organism with the successive inactivation of each ampD gene (Juan et al., 2006). The multiple
ampD loci contribute to virulence since a P. aeruginosa strain partially derepressed by the
inactivation of one ampD allele remains fully virulent, while double or triple ampD mutants lose
the ability to compete in a mouse model of systemic infection (Moya et al., 2008). Other aspects
of AmpC regulation in P. aeruginosa are also more complex than that in the Enterobacteriaceae.
AmpR is involved in the regulation of other genes besides AmpC (Kong et al., 2005.), an ampE
gene encoding a cytoplasmic membrane protein acting as a sensory transducer has a role in
AmpC expression as part of an ampD operon (Juan et al., 2005), and the CreBCD system as well
as dacB, encoding a nonessential penicillin binding protein, are involved in AmpC
hyperproduction as well (Moya et al., 2008). The AmpC enzyme in Aeromonas spp. is
controlled, along with two other chromosomally encoded B-lactamases, not by an AmpR-type
system but by a two-component regulator, termed brlAB in Aeromonas hydrophila (Alksne and
Rasmussen, 1997.). BrIB is a histidine sensor kinase, the regulated B-lactamase genes are
preceded by a short sequence tag (TTCAC), and an inner membrane protein is also involved in

regulation, but the chemical signal for induction is not yet known (Avison et al., 2004).

The concentration of -lactam substrate in the periplasm is a function of the permeability of the
cell’s outer membrane, in particular the presence of porin channels through which B-lactams
penetrate and of efflux pumps, which transport them out of the cell. At one time, the binding of
substrate to AmpC B-lactamase was entertained as a mechanism to explain resistance to p-lactam
that appeared to be poorly hydrolyzed (Then and Angehrn, 1982). Decreasing the number of
porin entry channels or increasing efflux pump expression can lower influx and further augment
enzyme efficiency. Thus, carbapenem resistance in clinical isolates of P. aeruginosa involves
various combinations of overproduction of AmpC B-lactamase, decreased production of the
OprD porin channel for imipenem entry, and activation of MexAB-OprM and other efflux
systems (Quale et al., 2006). Also, cephalosporins with both positive and negative charges (i.e;
zwitterionic molecules) such as cefepime and cefpirome have the advantage of penetrating the

outer bacterial membrane more rapidly than those with a net positive charge, such as cefotaxime
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and ceftriaxone, thus more easily reaching their lethal targets without -lactamase inactivation
(Nikaido and Rosenberg, 1990).

2.5.3. Epidemiology of plasmid mediated AmpC p-lactamase infection

Plasmid-mediated AmpC B-lactamases are worldwide distributed but it is less common than
extended-spectrum B-lactamases (ESBLs), the lactamase CMY-2 has the broadest geographic
spread and is an important cause of -lactam resistance in nontyphoid Salmonella strains in many
countries, CMY-2 has been responsible for ceftriaxone resistance in Shigella sonnei outbreak,
most other strains with plasmid-mediated AmpC enzymes have been isolated from patients after
several days of hospitalization, but recently, AmpC-producing isolates in cultures from long-
term care facilities, rehabilitation centers, and outpatient clinics have been reported (Migliavacca
et al., 2007).

Risk factors for bloodstream infections caused by AmpC-producing strains of K. pneumoniae
include long hospital stay, care in an intensive care unit (ICU), central venous catheterization,
need for an indwelling urinary catheter, and prior administration of antibiotics, especially broad-
spectrum cephalosporins and B-lactamase inhibitor combinations, and are thus similar to risk
factors for infection by ESBL-producing K. pneumoniae strains (Pai et al., 2004).

2.5.4. AmpC B-lactamase-associated diseases

AmpC producing bacteria play a major role in health care facilities as the pathogen that causes
Nosocomial infection, hospital acquired infection, wound infection, urinary tract infection,
VAP, meningitis, septicemia, CAUTI and risk of infection via food with the different type of
pathogens , especially Salmonella, EHEC , Klebsiella (Chow et al., 1991, Yan et al., 2004).
Mortality and morbidity increased in immunocoprmised patients, than immune competent. (Pai
et al., 2004). The harmless intestinal bacteria can pass on the genes for Amp C to pathogenic
bacteria, such as ° Salmonella’ Infections are transmitted by food stock home handlers, pet
animal handlers, health care workers, so the risk of infections occurred by in between animals or

animals to human by pet handlers (Yan et al., 2004)

2.5.5. Detection of Amp C p-lactamase
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There are presently no CLSI or other approved criteria for AmpC detection (Doi and Paterson,
2007), organisms producing enough AmpC-lactamase will typically give a positive ESBL
screening test but fail the confirmatory test involving increased sensitivity with clavulanic acid
(Bell et al., 2007)

2.5.5.1. Screening test

Kirby-Bauer disk diffusion method and dilution methods to determine the MICs of cefoxitin
(CLSI, 2015).

2.5.5.2. Phenotypic methods

Boronic acid inhibitor based test; Boronic acids have long been known as AmpC inhibitors .
Various boronic acid derivatives have been either added to a blank disk placed near a B-lactam
disk or added to the B -lactam disk for comparison with an unmodified B-lactam disk (Yagi et al.,
2005), AmpC disc test: these test is based on use of Tris-EDTA to permeabilize a bacterial cell
and release B-lactamases into the external environment, disc antagonism test; Simple and cost-
effective first-line tests for AmpC-type -lactamase determination, indicating the presence of an
AmpC-type -lactamase, and further providing a specific means of detection of the ACC-1-
lactamase, ceftazidime-imepenem disc antagonism test (CIAT); it a phenotypic test to detect and
confirm the presence of inducible AmpC pB-lactamases based on the strong inducing effect of
imipenem on these enzymes (Livermore and Brown, 2001), cefoxitin-cloxacillin double disk
synergy test (CC-DDS); This test will be conducted based on the inhibitory effect of cloxacillin
on AmpC production, modified three dimension test; was designed to detect both AmpC and
ESBL production. In the indirec form used for AmpC detection (Tan et al., 2009), three-
dimensional enzyme extraction assay; this assay was performed as described by (Coudron et al.,
2000). In view of the fact that carbapenemases may hydrolyse cefoxitin, the presence of
enhanced growth of organisms at the point on the agar surface where the slit intersected the zone
of inhibition was only taken as evidence of Bla-AmpC when in combination with negative

carbapenemases testing (Shahid et al., 2004). E-test strips with a gradient of cefotetan or
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cefoxitin on one half and the same combined with a constant concentration of cloxacillin on the

other half have been evaluated for AmpC detection (Bolmstrom et al., 2006).
2.5.5.3. Genotypic detection methods

Phenotypic test cannot distinguish various families of plasmid mediated Amp C enzymes but,
also identified chromosomally determined AmpC enzymes with an ESBL, for this, the
current method of gold standard for plasmid-mediated AmpC detection, Multiplex PCR has
been improved by utilizing Six primer pairs, to which a seventh pair for CEF-1 B-lactamase
could be added, Compared to ESBL producers, isolates producing AmpC p-lactamase are
resistant to additional p-lactams and p-lactam inhibitors and developing resistance to
Carbapenems (Knox et al., 1996).

2.5.6. Prevention and control of AmpC B-lactamase producing bacteria

Common principle of control measures are hand washing standard precaution and scrupulous
hand hygiene are used. Area of concern, particularly transmission of infection occur in neonatal
ward surgical ward, ophthalmic ward, post operative ward, & important of burns patient care are
needs intervention therapy. There are different type of multi-drugs resistance Gram negative rods
(MDR-GNB) are greater or lesser concern, flexibly judged by Microbiologist, infection
prevention and control team, so continuous screening, review and diagnosis are done, drug
resistant pattern are continuously monitored, decontamination procedures are followed,
excessive usage of antimicrobials are avoided or controlled by Health board team and avoid

reusable drugs infection surveillance is very important (George, 2009 ).
2.6. Previous studies

In the United States, DHA, ACT-1/MIR-1, and FOX-type enzymes were the most common
genes reported by (Song, et al., 2006) and in Japan, MOX-1, CMY-9,CMY-19, CMY-1, CMY-2
and DHA-1 were the most common genes found in clinical isolates as reported by (Moland et al.,
2006).

In a study by Soha A, et al., 2008; both CMY-1 and CMY-2 were the most common genes
detected in their region at Egypt.
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In Korea study by (Li Y, et al., 2008) found that DHA, CMY/MOX, and ACT-1/MIR-1type

enzymes were predominant.

Wassef, et al., 2014; reported that 22 AmpC genes were detected in 25.8% of the positive
cefoxitin screened isolates of which 40.9% belonged to each of the MOX and the FOX families,
13.6% belonged to the EBC family, and 4.5% belonged to the CIT family.

Some study demonstrate synergy arising from inhibition of ESBL by Clavulanate in the presence
of AmpC (Anitha et al., 2016 ).

In Saudi Arabia; Mutasim et al., 2019 detected that out of three hundred eleven GNB were
collected from clinical specimens of patients; 32.5%(101) were AmpC B-lactamase producers
and AmpC pB-lactamases were found more frequently among Acinetobacter spp, P.aeruginosa

and Enterobactercloacae.

In Khartoum State, Sudan, only investigation that conducted by Maha et al., 2020, AmpC beta-
lactamases were screened using AmpC disk test , out of total 168 Enterobacteriaceae recovered
from clinical samples of patients during May 2014 to February 2015; AmpC beta-lactamase
detected as 49.3%, with peak levels among Acinetobacter baumannii (83.3%) and Enterobacter
cloacae (75%).
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CHAPTER 11

MATERIALS AND METHODS

3.1. Study design

This was a laboratory-based descriptive-Cross sectional study.

3.2. Study duration
The study was conducted during period from March 2019 to February 2020

3.3. Study area

Enterobacteriaceae isolates were collected from Royal Care International Hospital, East Nile
Hospital and AL Moalem Medical City. The study was performed at Sudan University of
Science and Technology, College of Graduated Studies.

3.4. Study sample

The Eenterobacteriaceae isolates were obtained from a variety of clinical specimens (e.g. urine,
pus, sputum, blood, body fluid, tip of central line, eye swab, wound swab and tissues) isolated

from different hospitalized patients.
3.5.Sample size

The total of seventy six isolates (n= 76) belonging to the family Eenterobacteriaceae were

collected.

3.6. Sampling techniques
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Non-probability convenience sampling technique
3.6. Ethical consideration

Ethical approval was obtained from Research Ethics Committee of Sudan University of Science
& Technology and verbal consent from laboratory administration has been also provided and

approved the study.

3.7. Laboratory Methods
3.7.1. Collection of isolates

The isolates were collected from microbiology laboratory from targeting hospitals in screw-
capped tubes containing 5ml of 20% peptone glycerol broth and preserved at 4°C refrigerator at
Research Laboratory in Sudan University of Since and Technology. Then subculture for re

identification and DNA extraction.

3.7.2. Bacteriological methods

3.7.2.1. Subculture

Under aseptic conditions from 20% peptone glycerol broth stock the bacteria were sub-cultured
into MacConkey and incubated at 37°C for 24 hours. The growth on MacConkey agar was sub-
cultured on the slope of Nutrient agar by using sterile straight wire in zigzag form for further
tests.

3.7.2.2. lIdentification

3.7.2.2.1. Macroscopical examination

The comment on colonial morphology on MacConkey agar growth was performed with regard

to the size, appearance, color, edge, side view, smell and pigment production of the colonies.
3.7.2.2.2. Gram stain

The Gram's was done by preparing smear from MacConkey agar colony, by taking loop full of
normal saline by sterile loop in slide and just touch from the colony and emulsified in the normal
saline to make smear then let smear to dry and fixed by heating, then mear was covered with

crystal violet for (30-60 seconds) followed by lugol‘s for (30-60seconds) then decolorizer

35



(alcohol) was added for few seconds and finally the counter stain (safranine) for(30-60seconds)
smear was leaved to air dry and examined by oil immersion lens. G-gram negative bacilli were
stained red (Cheesbrough, 2000).

3.7.2.2.3. Biochemical tests
3.7.2.2.3.1. Oxidase test

The test organisms was rubbed over the reagent impregnated, filter paper disc (Oxidase disc)
using sterile applicator sticks. Controls were also kept along with the test and the reaction was
observed within 10 seconds. Formation of purple color indicates a positive test. No color changes

show a negative test (Cheesbrough, 2000).
3.7.2.2.3.2. Indole production test

The peptone water tubes were inoculated with bacterial colonies using sterile striate loop, an
uninoculated tube was kept as control negative, both tubes were incubated at 37°C for 24-48
hours, after proper incubation, 1 ml of Kovac’s reagent was added to both tubes including the
control then the tubes were shaken gently after an interval for 10 — 15 minutes the tubes were
observed for the color in the top reagent layer; negative when the layer color is yellow and
positive when the layer color are pink (Cheesbrough, 2000).

3.7.2.2.3.3. Citrate utilization test

By used sterile technique Simmons citrate agar slant was inoculated with the test organism by
means of a stab and streak inoculation, an uninoculated tube was kept as control and both tubes
were incubated at 37°C for 24 — 48 hours then observed the tubes for growth and coloration of
the medium. Interpretation according to the color of the medium; a positive result is indicated
when color of media turned to blue color and if color of the medium remains as green, indicates
a negative result (Cheesbrough, 2000).

3.7.2.2.3.4. Urease test

By used sterile technique, the test organism was inoculated the Christener’s urea agar slant
media by means of loop of inoculation, an uninoculated tube was kept as control, the tubes were
incubated at 37°C for 24-24 hours and the reaction was observed to see if pink color has
developed or not, development of pink color indicated a positive test and no color change

indicated a negative test (Cheesbrough, 2000).
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3.7.2.2.3.5. Motility test

By used sterile technigque the test organism was inoculated in to semi solid medium used stab
inoculation method, an uninoculated tube was kept as control, both tubes were incubated at 37°C
for 24-48 hours and the reaction was observed for motility as; Diffused growth — Motile bacteria
and growth at stab line only — Non-motile bacteria (Cheesbrough, 2000).

3.7.2.2.3.6. Fermentation of sugar and production of H2S and gas

Under aseptic condition, by using sterile straight wire, the Kligler Iron agar was inoculated with
testing organism , first the butt was stabbed then the slope was streaked , and incubation was
done at 37°c for overnight, the reaction was observed for the color of both the butt and slant and
gas production by means of cracks or bubble and H2S production by blackness of butt
(Cheesbrough, 2000).

3.7.2.2.4. Antimicrobial susceptibility testing

3.7.2.2.4.1. Modified Kirby-Bauer disk diffusion method

By used a sterile wire loop 3-5 well-isolated colonies were taken and emulsified in 3-4 ml of
sterile physiological saline and the turbidity of the suspension was matched with the turbidity of
Mcfarland standard then by used a sterile cotton swab, a plate of Mueller Hinton agar(MHA) was
inculated and excess fluid was removed by pressing and rotating the swab against the side of the
tube above the level of the suspension, swab was streaked evenly over the surface of the medium
in three directions, the plate was rotated approximately 60° to ensure even distribution, then the
antibiotic discs from different categories including: extended spectrum cephalosporins
(ceftazidime (30 pg)), Cephamycin (cefoxitin (30 pg)), carbapenems (imipenem (10 pg)),
aminoglycosides (amikacin (30 ng)), fluoroquinolones (ciprofloxacin (5 pg)), phenicol
(chloramphenicol (30 pg)) and polymyxin (colistin (10 ug)) (Oxoid, UK) were placed on the
surface of Mueller Hinton agar(MHA) gently by using sterile forceps (Cheesbrough, 2000), E.
coli ATCC 25922 used as control strains and tested each time when susceptibility testing
performed, then the plates were incubated overnight at 37°C. Interpretation of results was done
by used a ruler on the underside of the plate, the diameter of each zone of inhibition were
measured in mm and by using the Interpretative Chart, the zones sizes of antibiotic disks were
interpreted and was reported the organism as; Resistant ,intermediate or sensitive , as per CLSI
recommendations (CLSI, 2015) (Cheesbrough, 2000).
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3.7.2.2.4.2. Cefoxitin-cloxacillin double disk synergy test (CC-DDS)

Cefoxitin disks (30 pg) was used for screening of AmpC-producing isolates, isolates exhibiting
inhibition zones with diameter < 18 mm considered positive for AmpC screening and will be
subjected to further testing using Cefoxitin-cloxacillin double disk synergy test (CC-DDS), this
test was conducted based on the inhibitory effect of cloxacillin on AmpC production, 30ug
cefoxitin disks (Oxoid, UK) supplemented with 200 pg cloxacillin was used, the isolates
(comparable to 0.5 McFarland standards) were inoculated on Mueller Hinton agar, then the
diameters of the cefoxitin inhibition zones were compared with and without cloxacillin, an
increase in zone size of > 4 mm for cefoxitin with and without cloxacillin indicated AmpC
production as described by (Tan et al., 2009)

3.7.3. Genotypic detection

3.7.3.1. Purification of bacteria

All tested isolates were purified by subcultering the single well identified colony from

MacConkey agar into nutrient ager media and incubated over night at 37°C.
3.7.3.2. DNA extraction using guanidine chloride method

DNA extracted by used guanidine chloride method, all scraped colonies were washed with
normal saline (NS), flowed by addition of 400uL lysis buffer, SuL proteinase K, 200uL
guanidine chloride and 50ul. ammonium acetate, suspension were inculated overnight at 37°C;
on the next day 400uL of cooled chloroform were added and the mixture were centrifugated for
5min at 21RPM then the 400uL from clear upper layer were collected in new tube and 1mL of
cold absolute ethanol was added, mixed and freeze overnight. Next day the pellet was taken from
freezer and kept at room temprterure for 5min than centrifugated for 5min than the 100% ethanol
was discarded and the pellet was washed by cold 70% ethanol and allowed to dry, then the pellet
was suspended with 120uL nuclease-free water and qualified using gel electrophoresisand the
DNA samples were stored at -20 °C until used for PCR ( Sabeel et al., 2017).

3.7.3.3. Multiplex polymerase chain reaction (PCR)
3.7.3.3.1. Primers
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Published primer pairs for AmpC B-lactamase antimicrobial resistance genes were ordered from
Macrogen Company, Korea (Table 3.1) The primers were dissolved according to manufacture
guide lines to prepare 100pmol/pl.

Table 3.1 Primers specific for plasmid mediated AmpC B-lactamase genes

Family | Primer Sequence (5” to 3°) Amplicon References
Size (bp)
MOX F | GCT GCT CAA GGA GCA CAG GAT 520 (Pérez-Pérez and
R | CAC ATT GACATAGGT GTGGTGC Hanson, 2002)
CIT F | TGG CCA GAA CTG ACA GGC AAA 462
R | TTTCTC CTG AAC GTG GCT GGC
DHA F | AACTTT CACAGG TGTGCT GGG T | 405
R | CCGTACGCATACTGG CTT TGC
EBC F | TCGGTA AAG CCGATGTTG CGG 302
R | CTT CCACTG CGG CTG CCAGTT
FOX F | AAC ATG GGG TAT CAG GGA GAT G | 190
R | CAA AGC GCG TAA CCG GAT TGG
ACC F | AAC AGC CTC AGC AGC CGGTTA 346
R | TTC GCC GCA ATC ATC CCT AGC

3.7.3.3.2. Master Mix

Premix Kit (iNtRON BIOTECHNOLOGY, Korea); which is a maxima PCR ready to use
premixed solution containing all reagents required for PCR (except water, template and primers),
and additional compound needed for direct loading onto agarose gel and tracking dye [blue] that
allow monitor progress during the electrophoresis, were used.

3.7.3.3.3. Preparation of reaction mixture for multiplex PCR

Total reaction volume was 25 pl in 0.2 ml eppendorff tube; 5 ul deionized sterile water was
added to; 5 pl Maxima PCR Premix Kit (INtRON BIOTECHNOLOGY, Korea), 0.5 pl from
each of the sex forward primer (Macrogen, Korea), 0.5 pl from each of the sex reverse primer
(Macrogen, Korea) and 3 pl plasmid DNA (template DNA).

3.7.3.3.4. Preparation of reaction mixture for singleiplex PCR
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Total reaction volume was 25 pl in 0.2 ml eppendorff tube contain 5 pl deionized sterile water,
5 pl Maxima PCR Premix Kit (iINtRON BIOTECHNOLOGY, Korea), 0.5 ul forward primer
(Macrogen, Korea), 0.5 reverse primer (Macrogen, Korea) and 2ul plasmid DNA (template
DNA).

3.7.3.3.5. Protocol used for amplification of the genes

The amplification was done using thermal cycler (Convergys, Germany), the PCR mixture was
subjected to initial denaturation step at 94°C for 3min, followed by 30 cycles of denaturation at
94°C for 30 seconds, primer annealing at 64°C for 30 seconds, followed by step of elongation at

72°C for 60 seconds and the final elongation was carried out at 72°C for 7min.

3.7.3.3.6. Visualization of PCR products

The amplicons were separated at 50V for one hours in a 1.5% agarose gel containing ethidium
bromide, the bands were visualized by U.V transilluminater (Uvite —UK) to detect the specific
amplified products by compared with 100bp standard DNA ladder (marker)(INtRON
biotechnology Korea) injected for each run.

3.8. Statistical analysis

Data obtained were analyzed and presented using Statistical Package for Social Sciences (SPSS;
Versionl6.0). Categorical variables were compared with the chi-square test. Statistically

significant was set at A p-value of <0.05.
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CHAPTER IV
RESULTS
4. Results
4.1. Gender and age groups

A total of seventy-six Enterobacteriaceae isolates from hospitalized patients were included in this
study to detect the presence of plasmid mediated AmpC B-lactamase genes. Of these twenty-one
isolates were collected from Royal Care International hospital, seventeen isolates were from East
Nile hospital and thirty eight isolates were from AL Moalem Medical City. Of the total isolates;
thirty six(47.4%) were male and forty(52.6%) were female (Figure 4.1), they were divided into
three age groups; seven (9.2%) were less than 25 years, six (7.9%) 25-35 years and sixty three
(82.9%) were more than 35
years (Figure 4.2).

54.00% 52.60%
52.00%
50.00%

48.00% 47.40%

46.00%

44.00%
Male Female

Figure 4.1 Distribution of isolates according to sex
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years, 9,308 25-35 years,

7.90%

Figure 4.2 Distribution of isolates according to age groups

4.2. Entity of the isolates

The entity of the isolates were as follows; thirty four (44.7%) K. pnemoniae, twenty seven
(35.5%) E. coli, seven (9.2%) K. oxyltica, five (6.6%) P. mirabilis, one (1.2%) P. vulgaris and
two (2.6%) 2Citrobactor (Figure 4.3)

1% 3%

m Citrobactor

m E.coli

m K.oxyltica

® K.pnemoniae
® P.mirabilis

m P.vulgaris

Figure 4.3 Entity of isolates included in the study.
4.3. Types of clinical specimens

Most isolates were from urine specimen forty (52.6%) followed by wound swab twelve (15.8%),
sputum seven (9.2%), tissues six(7.9%) and blood five (6.6%) and others as seen in (Figure 4.4).

43



60.00% | 52.60%
50.00%
40.00%
.00%
oo 0/
. () v .20
o000 6.60% 49095 7-20% 22 . . .
) - G
0.00%
urine  blood tipof tissues sputum body eye pus  wound
central fluid swab swab
line
® Series1

Figure 4.4 Distribution of various isolates according to specimen types
4.4. Results of susceptibility test

Out of seventy-six Enterobacteriaceae isolates twenty nine (38.2%) were seneitive to Cefoxitin
and forty seven (61.8%) were resistant, eighteen (23.7%) were seneitive to Ceftazidime and fifty
eight (76.30%) were resistant, fifty (65.80%) were seneitive to Chloramphenicol and twenty six
(34.2%) were resistant, thirty three (43.4%) were seneitive to Ciprofloxacin and forty three
(56.60%) were resistant, fifty (65.8%) were seneitive to Imipenem and twenty six (34.2%) were
resistant, fifty four (71.10%) were seneitive to Amikacin and twenty (26.30%) were resistant,

sixty two (81.6%) were seneitive to Colistin and fourteen (18.40%) were resistant (Table 4.1).

Three multidrug resistant isolates (resist all antibiotic ) were detected, two were E.coli isolated
from sputam sample of forty two years old male and wound swab of 33 years old male and the
third multidrug resistant isolate were K. oxyltica isolated from body fluid sample collected from
50 years old female, all this three multidrug resistant isolates were Cefoxitin-cloxacillin double

disk synergy (CC-DDS) test positive with no AmpC B-lactamases gene in any of them.

Table 4.1 Results of susceptibility test

Results Sensitive Resistant
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ics
Cefoxitin 38.2% 61.8%
Ceftazidime 23.7% 76.30%
Chloramphenicol | 65.80% 34.2%
Ciprofloxacin 43.4% 56.60%
Imipenem 50(65.8%) 34.2%
Amikacin 71.10% 26.30%
Colistin 81.6% 18.40%

4.5. Cefoxitin-cloxacillin double disk synergy (CC-DDS) test

Out of the total isolates nine( 22.0%) were found as positives by Cefoxitin-cloxacillin double
disk synergy test (CC-DDS); one K.oxyltica, one P.mirabilis, one P.vulgaris, three E.coli and

three K.pnemoniae (Table 4.2 and figure 4.5).

Table 4.2. Distribution of clinical isolates screened positive for Amp C p-lactamases by
Cefoxitin-cloxacillin double disk synergy (CC-DDS) test

CXX Microorganisms
Citrobactor |E.coli |K.oxyltic [K.pnemoniae |P.mirabili |P.vulgaris
a S
Negativ Count 1 12 4 15 0 0
e % of Total |2.4% 29.3% |9.8% 36.6% 0.0% 0.0%
Count 0 3 1 3 1 1
Positive
% of Total |0.0% 7.3% |2.4% 7.3% 2.4% 2.4%
Count 1 15 5 18 1 1
Total
% of Total |2.4% 36.6% |12.2% 43.9% 2.4% 2.4%
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Figure 4.5 Positive Cefoxitin-cloxacillin double disk synergy (CC-DDS) test

4.6. Frequency of AmpC p -lactamases genes groups among the isolates

All seventy six Enterobacteriaceae isolates were investigated for the present of plasmid mediated
AmpC B-lactamase genes using multiplex PCR, six(7.9%)of the total isolates were positive for
plasmid mediated AmpC B-lactamase genes as follow; three E.coli, two K.pnemoniae and one
P.vulgaris (table 4.3)

Table 4.3 Frequency of plasmid mediated AmpC B-lactamase genes among the isolates

GENE Microorganisms Total
E.coli |K.pnemoniae |P.vulgaris

Count 2 2 1 5

CIT 1'% of Total 33.3% |33.3% 16.7% 83.3%
Count 1 0 0 1

DHA
% of Total 16.7% |0.0% 0.0% 16.7%
Count 3 2 1 6

Total

% of Total 50.0% |33.3% 16.7% 100.0%
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Figure 4.6 Amplified DNA of plasmid mediated AmpC p-lactamase genes. Lane 1, DNA
lader 100bp; lane 3, 4, 13 and 15 are typical band size of 462pb corresponding to the
molecular size of CIT gene and lane 10 was typical band size of 405pb corresponding to the
molecular size of DHAgene.

4.7.Association between plasmid mediated AmpC p-lactamase genes and age groups,

gender, clinical specimens and type of organisms

Plasmid mediated AmpC B-lactamase genes showed statistically significant association with the
type of the organisms (p value= 0.020) and no association between plasmid mediated AmpC p -

lactamases genes, age groups, gender and clinical specimens (Table 4.4).

Table 4.4 Association between plasmid mediated AmpC B-lactamase genes and age groups,

gender, clinical specimens and type of organisms

AmpC B -lactamases genes
Total
Age groups P
Present Absent value
less than 25 Count 1 6 7 0.635
% of Total 1.3% 7.9% 9.2%
25t0 35 Count 0 6 6
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% of Total 0.0% 7.9% 7.9%
more than 35 Count 5 58 63
% of Total 6.6% 76.3% 82.9%
Gender
Male Count 3 33 36 0.893
% of Total 3.9% 43.4% 47.4%
Female Count 3 37 40
% of Total 3.9% 48.7% 52.6%
Clinical specimens
Urine Count 1 39 40 0.340
% of Total 1.3% 51.3% 52.6%
Blood Count 1 4 5
% of Total 1.3% 5.3% 6.6%
Tip of central Count 0 3 3
line % of Total 0.0% 3.9% 3.9%
Tissues Count 0 6 6
% of Total 0.0% 7.9% 7.9%
Sputum Count 2 5 7
% of Total 2.6% 6.6% 9.2%
Body Fluid Count 0 1 1
% of Total 0.0% 1.3% 1.3%
Eye swab Count 0 1 1
% of Total 0.0% 1.3% 1.3%
Pus Count 0 1 1
% of Total 0.0% 1.3% 1.3%
wound swab Count 2 10 12
% of Total 2.6% 13.2% 15.8%
Microorganisms
Citrobactor Count 0 : g 0.020
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2.60% 2.60%
% of Total 0.00%
24 27
Count 3
) 31.60% 35.50%
E.coli % of Total 3.90%
7 7
Count 0
) 9.20% 9.20%
K.oxyltica % of Total 0.00%
32 34
Count 2
) 42.10% 44.70%
K.pnemoniae | % of Total 2.60%
5 5
Count 0
o 6.60% 6.60%
P.mirabilis % of Total 0.00%
0 1
Count 1
) 0.00% 1.30%
P.vulgaris % of Total 1.30%
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CHAPTER V
DISCUSSION, CONCLUSION AND RECOMMENDATIONS
5.1. Discussion

In this study seventy six Enterobacteriaceae isolates were collected from different hospitals in
Khartoum state and subculture on MacConky,s ager all isolates were re-identified using
biochemical tests, multiplex PCR was used to detect the plasmid mediated AmpC B-lactamase
genes; six (7,9%) were detected among nine(22%) of the positive cefoxitin-cloxacillin double
disk synergy test (CC-DDS) isolates; one was DHA type gene and five were CIT type gene and
there were statistically significant association between the present of AmpC genes and the type
of the organisms (p value= 0.020), the gene detected in three E. coli, two K. pneumonia and one
P.vulgaris, the results agreement with; (wassef, et al., 2014) reported that 22 AmpC genes were
detected in 25.8% of the positive cefoxitin screened isolates of which 40.9% belonged to each of
the MOX and the FOX families, 13.6% belonged to the EBC family, and 4.5% belonged to the
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CIT family, (Tanushree et al., 2013, Cantarelli et al., 2007, Wassef et al., 2014, Mohamudha et
al., 2010) that found the predominantly AmpC producers were Klebsiella pneumonia, E coli,
followed by Citrobacter spp, Enterobacter spp, Proteus spp and Serratia marscence, also in a
study by Soha A El Hady in Egypt; both CMY-1 and CMY-2 were the most common genes
detected (Soha A, et al., 2015).

Regarding AmpC negative cefoxitin resistance may be attributed to ESBLs and MBL production
or non- enzymatic mechanism such as porin channel mutation (Subbalakshmi et al., 2016), over
expression of chromosomal AmpC gene due to mutation in the promoter or attenuator regions
(Subbalakshmi et al., 2016), the other reason is that cefoxitin has been demonstrated as a

substrate to active efflux pump in clinical isolates (Subbalakshmi et al., 2016).

5.2. Conclusion

In this study the most prevalent AmpC genes belonged to CIT and DHA, AmpC B-lactamases
producing Enterobacteriaceae are being frequently isolated from clinical samples, as they
increase the complexity of their detection, in addition, this study demonstrates the useful of
multiplex PCR method is reliably identification of plasmid mediated AmpC [-lactamase genes.
5.3. Recommendations

Identifying the types of AmpC may aid in hospital infection control and help the physician to
prescribe the most appropriate antibiotic, thus decreasing the selective pressure, which generates
antibiotic resistance. Sequencing and typing the strains may be required to better understand the
genetic relatedness and the molecular epidemiology of their resistance mechanism. Continual
surveillance of resistance mechanisms that assist appropriate antibiotic therapy and better patient

outcomes and also reduce antibiotic resistance through better infection control practices.
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Detection of Plasmid Mediated AmpC B-Lactamase Genes in Enterobacteriaceae Isolates

from Hospitalized Patients in Khartoum State
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Supervisor: Prof. Humodi A. Saeed
Hospital name: ..o e
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Specimen data: ............ccoiiiiiiiiii

Patient code: ............ gender: ... AZE: e
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Lablotery result

1. Isolated microorganisms

2. Sensitivity results

Sensitive to:

Appendix 11

Reagents and Stains

Gram Stain (Cheesebrough, 2000)

Requirements

Crystal violet Gram stain (Hi Media)

To make 1 liter

Crystal VIOlet. .. ..oooiiii i e e 20g
Ammonium oxalate................ocoeiiiiiit e 9 g
Ethanol or methanol, absolute............ cccccceevveeeeens o..95 g
Distilled water...........coooiiiiiiii e to 1 liter
lugol’s iodine (Hi Media)
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To make 1 liter

Potassium iodide...........ooeiiiiiii i e 20¢g
JOdINe. ... 10g
Distilled Water........oooviiiiiii to 10 liter
70% alcohol

Absolute alcohol...........ooiiii i 70 ml
Distilled Water. . ......couvieiii i e 30 ml

Safranin (HiMedia)

Turbidity Standard

1% v/v solution of sulpharic acid was prepared by adding 1 ml of concentrated sulfuric acid to

99 ml of water. Mix well.

1.17% wil/v solution of barium chloride was prepared by dissolving of 2.35g of dehydrated

barium chloride (BaCl2.2H20) in 200 ml of distilled water.

To make the turbidity standard 0.5 ml of barium chloride solution was added to 99.4 ml of the

sulpharic acid solution and mix well.

A small volume of the turbid solution was transferred to screw caped bottle of the same types as

used for preparing the test and control inoculate (Chemie, 2014).

Physiological saline (0.85% wi/v)

Sodium chloride 85¢
Distilled water 1L
Preparation
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By dissolving 8.5 g of NaCl in 1000 ml distilled water in beaker. Then the beaker was covered

with foil and Sterilized by autoclaving at 15 Ibs pressure (121°C) forl5 minutes.

Appendix I

Preparation of Media (Chemie , 2014)

All media are prepared from Himedia Laboratories pvt, Ltd, made in India.

MacConkey agar
Formula in grams per liter
Peptone

Pancreatic digest of gelatin
Lactose monohydrate

Bile salts

Sodium chloride

Neutral red

Agar

Preparation

3.00

17.00

10.00

1.500

5.00

0.03

13.50

By dissolving 49.53 grams of medium in 1000 ml distilled water. The medium was sterilized by

autoclaving at 15 Ibs pressure (121°C) forl5 minutes, cooled and poured in petridishes.

Kligler Iron Agar

Formula in grams per liter

Peptone MixXture ........ccceeevvervevennn,
Sodium Chloride.........eveeeeeeeeeeeeeeeennn.

Ferric Ammonium Citrate .................



Phenol REA ......oov o 0,025

LACIOSE ....vveiiiicicic s 10,00
DEXIIOSE ..o 1,00
Bacteriological Agar .......cccccvvevenieiinneee e 15,00
Sodium Thiosulfate.........cccecvvveeeicciieee e, 0,50
Preparation

Suspend 52 grams of the medium in one liter of distilled water. Mix well and heat with frequent
agitation. Boil for one minute. Dispense into tubes and sterilize at 121° C (15Ibs. pressure) for 15
minutes. Allow to cool in a slanted position so as to obtain butts of 1°5-2 cm. Depth. For greater
accuracy, Kligler Iron Agar should be used on the day of preparation or melted and solidified

before use.
Tryptophan Culture Broth

Formula in grams per liter (PH 7.5)

Casein Peptone ........ccccevevveieevecc e 10,00

L-Tryptophan ........cccocevieieeiice e 1,00
Sodium chloride...........cooeiiiiiiiiieece 5,00
Preparation

Suspend 16,0 grams of medium in one liter of distilled water. Heat to boiling agitating
frequently. Distribute in test tubes, 3 ml each. Close the tubes with cotton or with a plastic or

metallic cap. Sterilize at 121° C (15 Ibs. sp.) for 15 minutes.
Simmons Citrate Agar
Formula in grams per liter (PH 7)

Ammonium Dihydrogen Phosphate .................... 1,00



Dipotassium Phosphate............ccccooceviveieiiininennn. 1,00

Sodium Chloride..........cccoeiiiieiiiiiceee, 5,00
SOdiuM Citrate ........coovevviiriciseeece e 2,00
Magnesium Sulfate...........ccocevvirieriiiieieieee 0,20
Bacteriological Agar........ccccovoviveniiiniiiniieiene 15,00
Bromthymol BlUe.........cccoooeiiiiiicececce 0,08
Preparation

Suspend 24,3 grams of the medium in one liter of distilled water. Mix well and heat with
frequent agitation until completely dissolved. Dispense in tubes and sterilize in the autoclave at
121°C (15 Ibs sp.) for 15 minutes. Cool the tubes in a slanted position so that the base is short (1-

1,5 cm. deep). Alternatively, the media can be poured into petri plates.
Christensen’s Urea Agar

Formula in grams per liter (PH 6.9)

Gelatin Peptone.........cccceevevieieeie e 1,00
DEXIIOSE ..o 1,00
Sodium ChIoride......c..coeevceeeeiiiieee e 5,00
Monopotassium Phosphate ...........c.cccceervinennne 2,00
] =Y 20,00
Phenol Red..........ooovcviieiiciie e 0,012
Preparation

Dissolve 29 grams of the medium in 100 ml. of distilled water. Sterilize by filtration. Separately
dissolve 15 grams of agar in 900 ml. of distilled water by boiling. Sterilize in autoclave at 121°C
(15 Ibs.sp) for 15 minutes. Cool to 50°C and add to the 100 ml. of the sterile Urea Agar Base.

65



Mix well and dispense aseptically in sterile tubes. Leave the medium to set in a slanted position
S0 as to obtain deep butts. At a pH of 6.8 to 7.0 the solidified medium should have a light pinkish
yellow colour. Do not remelt the slanted agar.

Mueller-Hinton Agar

Formula in grams per liter (PH 7.4)

Beef, infusion ... 300.0g
Cas amino acidS........c.vevriiiniieiiiiiieaiieeineenns. 17.5¢g
Starch......o.oeiiii 1.5g
AGAT o 17.0g
Distilled water.............ooooiiiiiiiiiii 1000ml
Preparation

38.0 g of media was suspended in 100 ml distilled water. Sterilized by autoclaving at 15Ib

pressure (121°C) and poured in sterile petri dishes.
Nutrient agar

Formula in grams per liter (PH 7.4)

Peptic digest of animal tissue 5.00
Beef extract 1.50
Yeast extract 1.50
Sodium chloride 5.00
Agar 15.00

Final pH 7.4 £ 0.2 at 25 °C

Preparation
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By dissolving 28 g of powder in 1000 ml distilled water. The medium was sterilized by

autoclaving at 15 Ibs pressure (121°C) forl5 minutes, cooled and poured in petridishes

Appendix VI

Color plates

Color plate 1.2. Klebsiella spp on MacConkey agar media showing pink color indicating lactose

fermentation.
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Color plate 1.3. Biochemical test of P.mirabilis

Color plate 1.4. Positive Cefoxitin-cloxacillin double disk synergy (CC-DDS) test

Color plate 1.5. DNA extraction reagents (guanidine chloride method)
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Color plate 1.6. Microcenterfuge device
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Color plate 1.7. AmpC B-lactamases . Primers specific for the genes of six different
phylogenetic Groups ( bla MOX, bla CIT, bla DHA, bla ACC, bla EBC, and bla FOX) were

ordered from Macrogen Company, Korea

Color plate 1.8. Thermocycle device
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Color plate 1.9. PCR protocol

Color plate 1.10. gel electrophoresis and power supply device
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