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ABSTRACT

Carbapenems are the most powerful B-lactam antibiotics against bacteria
especially multidrug resistant isolates. Since there were no comprehensive
studies about prevalence of carbapenem resistance genes in Sudan, so this
study was conducted to detect carbapenem resistance genes of Proteus
mirabilis from clinical specimens in Khartoum State during the period
from March to November 2019.

A total of fifty (n=50) Proteus mirabilis isolates were included in this
descriptive case laboratory-based study. P.mirabilis were isolated from
urine, wound swab, high vaginal swab and semen samples which were
obtained from different hospitals in Khartoum State. The isolated
organisms were stored in 20% Glycerol peptone media and were inoculated
on nutrient agar and MacConkey’s agar, and reidentified by using
biochemical tests. Antibiotic susceptibility tests were carried out using
Kirby Bauer disc diffusion technique. DNA was extracted using GenoLyse
method, then were tested for the presence of carbapenem resistance genes
(NDM, IMP, VIM, OXA-48 and KPC) using Multiplex PCR.

Out of fifty isolates, 48(96%) were resistant to ceftazidime, 31(62%) were
resistant to ciprofloxacin, 30(60%) were resistant to amikacin, 43(86%)
were resistant to gentamicin and 13(26%) were resistant to imipenem.

All 50 P.mirabilis isolates investigated were negative 0 (0%) for all five
carbapenem resistance genes.

This study concluded that, there is no carbapenem resistance genes (NDM,
IMP, VIM, OXA-48 and KPC) among P.mirabilis isolates in Khartoum
State.
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CHAPTER ONE
INTRODUCTION

1.1. Introduction

The genus Proteus belongs to the family Enterobacteriaceae (Tsai et al.,
2014). It is motile, Gram-negative rods with peritrichous flagella (Manos
and Belas, 2006), is well-known for its urease production and distinctive
ability to differentiate into elongated swarm cells and characteristic bull’s-
eye pattern of motility on agar plates (Armbruster et al., 2018).
P.mirabilis is an opportunistic pathogen that can cause diarrhea,
septicemia, meningitis, urinary tract and respiratory system infections (Hu
etal., 2012).

For a long time, Proteus was known to be susceptible to beta-lactam
antibiotics (Musa et al., 2019). Nowadays they are becoming resistant due
to acquire genes encoding multiple antibiotic resistance mechanisms,
including extended-spectrum Beta -lactamases (ESBLs), AmpCs, and
carbapenemases (Lutgring and Limbag, 2016).

Increasing prevalence of antibiotic resistance and the lack of new antibiotic
drug development has gradually reduced the treatment options for bacterial
infections (Lee et al., 2016).

Carbapenems often are used as the most appropriate agents in the treatment
of infections caused by multi resistant Gram-negative bacteria, the most
common carbapenemases to emerge in recent years have been the
Klebsiella pneumoniae carbapenemases (KPCs), these plasmid-carried
Ambler class A enzymes have since been identified in multiple genera and
species of the Enterobacteriaceae (Shen et al., 2015). Carbapenemase-
producing Enterobacteriaceae (CRE) have spread worldwide and caused a
significant public health alert (Chen et al., 2015). Carbapenems such as

imipenem and meropenem are recommended as first-line therapy for



severe infections caused by Enterobacteriaceae producing extended
spectrum B lactamases (ESBLs) (Nordmann et al., 2009). Carbapenems
have the broadest spectra among all B-lactams and are primarily used to
treat infections by multi-resistant Gram-negative bacteria, the emergence
and spread of carbapenemases became a major public health concern (Jeon
et al., 2015).

Carbapenemases are the most versatile family of B-lactamases that are able
to hydrolyze carbapenems and many other B-lactams (Jeon et al., 2015).
According to the dependency of divalent cations for enzyme activation,
carbapenemases can be divided into metallo-carbapenemases (zinc-
dependent class B) and non-metallo-carbapenemases (zinc-independent
classes A, C, and D) p-Lactamases are bacterial enzymes that
hydrolytically inactivate B-lactam antibiotics and are a major cause of the
emergence of pathogenic bacteria resistant to 3-lactam antibiotics such as
penicillins, cephalosporins, monobactams, and carbapenems (Jeon et al.,
2015).

Carbapenemase genes is of particular concern within bacterial species
exhibiting intrinsic antibiotic resistance, such as P. mirabilis (Chen et al.,
2015). The spread of carbapenemase-producing Enterobacteriaceae (CPE)
over the last decades is a great danger because carbapenems are the last
treatment options for infections caused by MDR bacteria (Fursova et al.,
2015).

While decreased susceptibility to imipenem is intrinsic in Proteeae, some
P.mirabilis exhibit an increased level of resistance to imipenem (with
MICs ranging from 16 to 64 mg/L) due to loss of outer membrane (Porin
et al., 2014 ). The acquisition of blakPC by P. mirabilis represents a rare
event, and only a few descriptions have been reported to date. (Di Pilato et
al., 2016).



1.2. Rationale

Antibiotic resistance is now a linked global problem, it increases the
morbidity, mortality and costs of treating infectious diseases (Hawkey and
Jones, 2009). Carbapenem resistance, mainly among Gram-negative
pathogens spreading rapidly causing serious outbreaks and limiting
treatment options (Meletis, 2016). P.mirabilis is a common cause of
community and healthcare-associated infections, Patients with infections
caused by such pathogen is associated with delay in appropriate
antimicrobial therapy due to multiple drug resistance (Tsai et al., 2014).
The dissemination of resistance is associated with genetic mobile elements,
such as plasmids, that may also carry virulence determinant (da Silva and
Mendonca, 2012). Considering the fact that there were no comprehensive
studies about prevalence of carbapenem resistance genes in Sudan so
detection of those genes in P.mirabilis from clinical specimens will be of
a great value. Such data serve an important role in understanding the spread

of this pathogen.



1.3. Objectives

1.3.1. General objective

To study carbapenem resistant genes of Proteus mirabilis from different
clinical specimens in Khartoum State.

1.3.2. Specific objectives

1- To reidentify P.mirabilis isolates using convencial techniques.

2- To determine the susceptibility of P.mirabilis to antimicrobial agents
using disc diffusion method.

3- To detect the carbapenem resistant genes of P.mirabilis (KPC, OXA48,
NDM, IMP, and VIM) using multiplex PCR.
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CHAPTER TWO
LITERATURE REVIEW

2.1. Proteus mirabilis (P.mirabilis)

2.1.1. General characteristics

The genus Proteus along with genus Providencia and Morganella belongs
to the tribe Proteeae of the family Enterobacteriaceae (Pal et al., 2014), it
consists of four named species (P.mirabilis, P.penneri, P.vulgaris,
P.myxofaciens) (Pal et al., 2014). P.mirabilis is a Gram-negative bacterium
which is well-known for its ability to swarm across surfaces in a striking
bulls’-eye pattern (Al-Jumaily and Zgaer, 2016), it is motile Gram-
negative enteric bacterium (Wang et al., 2006). Proteus spp are the
causative agent of a variety of opportunistic nosocomial infections
including those of the respiratory tract, ear, nose, skin, burns, and wounds,
it may also cause gastroenteritis (Jacobsen et al., 2008). It commonly
associated with urinary tract infections (UTIs) in those individuals with
structural or functional abnormalities, especially ascending infections in
patients undergoing urinary catheterization (Jacobsen et al., 2011).

2.1.2. Culture and metabolic characteristics

The proteus isolates were firstly identified as related to the genus Proteus
by swarming phenomenon on blood agar and the bacteria on the
MacConkey agar appeared pale (Al-Kazaz and Al-Bassam, 2013). The
colones are single pale colonies on MacConkey agar, are medium in size
and the edges smooth and non ferment sugar lactose as well as the smell of
bacterial growth which is similar to smell of fish (Ali and Yousif, 2015).
Proteus mirabilis isolates are oxidase negative, indol negative, catalase
positive, urease positive and variable citrate utilization (Ali and Yousif,
2015).



2.1.3. Clinical significance

Proteus rods are opportunistic bacterial pathogens which under favorable
conditions cause urinary tract infections (UTIs), wound infections,
meningitis in neonates or infants and rheumatoid arthritis (Rozalski et al.,
2012). These bacteria are the causative agents of a variety of opportunistic
nosocomial infections including those of the respiratory tract, eye, ear,
nose, skin, burns, throat and wounds (Jacobsen et al., 2011).

2.1.4. Virulence factors

Virulence factors (VFs) comprise mechanisms allowing pathogenic
bacteria to cause infections (Gharrah et al., 2017).The severity of any
infection caused by the members of the genus Proteus depends mainly on
the availability of virulence factors that may include B-Lactamase,
extended spectrum [-lactamases, protease, urease and hemolysin
production, swarming motility, adhesion and biofilm formation (Hasan et
al., 2011). All these factors collectively or separately play important roles
in pathogenicity and pathogenesis of disease (Wang et al., 2006). The
ability of P.mirabilis to express virulence factors, including urease and
haemolysin, to invade human urothelial cells, is coordinately regulated
with swarming differentiation (Liaw et al., 2004).

2.2. Carbapenems

The term “carbapenem” is defined as the 4:5 fused ring lactam of
penicillins with a double bond between C-2 and C-3 but with the
substitution of carbon for sulfur at C-1 (Papp-Wallace et al., 2011).
Carbapenems belong to the B-lactam family of antibiotics, which is the
biggest and most important class of clinical antibiotics (Coulthurst et al.,
2005). B-Lactams inhibit bacterial cell wall peptidoglycan biosynthesis by
the formation of crosslinks, a process that is catalysed by transpeptidase
enzymes (Coulthurst et al., 2005). B-Lactams are thought to function as

structural analogues of the transpeptidase substrate, forming relatively
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stable complexes with the enzyme ,this, in turn, inhibits crosslink
formation by the enzyme, and the resulting loss in cell wall integrity can
lead to lysis of growing bacterial cells (Coulthurst et al., 2005).
Carbapenems used to treat serious infections in hospital settings (Bedeni¢
et al., 2014), it possesses the broadest spectrum of activity against Gram-
positive and Gram-negative bacteria (Papp-Wallace et al., 2011).
Carbapenems are -lactam antibiotics characterised by the presence of a -
lactam ring with a carbon instead of sulfone in the 4-position of the
thyazolidinic moiety (Nicoletti et al., 2002). The first carbapenem to be
utilised in therapy was imipenem, the N-formimidoyl derivative of
thienamycin, it coadministered with cilastatin, an inhibitor of human renal
dehydropeptidase I, as imipenem is hydrolysed by this enzyme (Nicoletti
et al., 2002). Meropenem was the first carbapenem with a 1-B-methyl
group and 2-thio pyrrolidinyl moiety, which renders this antibiotic stable
to renal dehydropeptidase I (Nicoletti et al., 2002). Other carbapenems for
parenteral administration later discovered include biapenem, panipenem,
ertapenem, lenapenem, E-1010, S-4661 and BMS-181139. Carbapenems
which are orally administered include sanfetrinem, DZ-2640, CS-834 and
GV-129606 (Nicoletti et al., 2002). Similar to penicillin and
cephalosporins, the carbapenems are bactericidal agents that bind to the
penicillin binding proteins (PBPs) inhibiting the bacterial cell wall
synthesis, they show less resistance than other beta-lactams because of
their stability to hydrolysis by many extended-spectrum chromosomal and
plasmid-mediated beta-lactamases, including AmpC and extended-
spectrum beta-lactamases (ESBLs) (Zhanel et al., 2007). Despite the
broad-spectrum, the carbapenems globally lack activity against
Enterococcus faecium, methicillin resistant Staphylococcus aureus

(MRSA) and Stenotrophomonas maltophilia. Among them, ertapenem is



also limited by the lacking activity against Pseudomonas aeruginosa,
Acinetobacter spp. and Enterococcus spp (Bassetti et al., 2009).

2.2.1. Mechanisms of resistance against carbapenems

The main mechanisms of resistance to carbapenems in CRE include
hydrolysis of carbapenems by a plasmid-encoded carbapenemase,
impaired outer membrane permeability due to inactivation of particular
porins (i.e., OmpC and OmpF in E. coli and their analogs) coupled with
high-level expression of cephalosporinases such as AmpC and/or extended
spectrum [-lactamase (ESBL), or a combination of these mechanisms
(Senchyna et al., 2018). Resistance to beta-lactam antibiotics is mediated
through enhanced degradation by beta-lactamases, alteration in penicillin-
binding proteins, changes in outer membrane porins for decreased
permeability, and expulsion of antibiotics out of cell through efflux pump
(Asif and Rehman, 2018).

2.3. Carbapenemases

Carbapenemases are specific beta-lactamases with the ability to hydrolyze
carbapenems and cause carbapenem resistance (Papp-Wallace et al.,
2011).

2.3.1. Classification

Classification of B-lactamases can be defined according to two properties,
functional and molecular (Queenan and Bush, 2007).

2.3.1.1. Functional classification

The functional classification proposes to classify the known beta-
lactamases into four major functional groups (Groups 1-4) according to the
group specific substrate or inhibitor profiles, group 2 is differentiated into
multiple subgroups (Dahiya et al., 2015).The updated system comprises
Group 1 (Class C) cephalosporinases; Group 2 (Classes A and D) broad-
spectrum, inhibitor resistant, and ESBLs and serine carbapenemases; and

Group 3 metallo-beta-lactamases (MBLs). In this functional classification
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scheme, carbapenemases are found primarily in Groups 2f and 3 (Queenan
and Bush, 2007).

2.3.1.2. Molecular classification

Ambler is based on molecular structure. In this classification,
carbapenemases may belong to classes A, B, or D. Class A and D. are
serine carbapenemases, meaning that they have a serine at their active sites,
like extended spectrum beta lactamases (ESBLS). In contrast, the class B
enzymes are known as metallo-b-lactamases, because they require zinc as
a cofactor (Munoz-Price and Quinn, 2009).

Group B enzymes require one or two Zn cations for activity and are
subdivided into three groups, B1l, B2, and B3, based on sequence
alignments and structural analysis, subclasses B1 and B3 have two zinc
jons whereas subclass B2 has only one zinc ion. B2 enzymes are
preferentially carbapenemases whereas B1 and B3 enzymes have broad
hydrolysis spectrum (Papp-Wallace et al., 2011).

2.3.1.2.1. Class A Serine Carbapenemases

Class A serine carbapenemases are members of functional group 2f, they
can hydrolyze a broad variety of beta-lactams,including carbapenems,
cephalosporins, penicillins, and aztreonam. However, they all are inhibited
by clavulanate and tazobactam (Dahiya et al., 2015). The enzymes
characterized from Enterobacteriaceae include not metalloenzyme
carbapenemase-A (NMC-A), Serratia marcescens enzyme (SME) 1-3,
“imipenem-hydrolysing beta-lactamase” (IMI-1), K. pneumoniae
carbapenemases 1-3 (KPC), and Guiana extended-spectrum (GES-2)
(Dahiya et al., 2015).SME was first detected in England from two S.
marcescens isolates that were collected in 1982, IMI and NMC-A
enzymes have been detected in rare clinical isolates of E. cloacae in the
United States, France, and Argentina (Queenan and Bush, 2007). GES (for

Guiana extended spectrum): this enzyme was first observed in a
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K.pneumoniae isolate from French Guiana in 1998 (Rasmussen and Hgiby,
2007). The enzymes of the GES family differ from each other by 1-4 amino
acid substitutions (Papp-Wallace et al., 2011). The genes encoding the
class A carbapenemases are either plasmid-borne or located on the
chromosome of the host (Rasmussen and Hgiby, 2007). The genes for
SME, IMI, and NMC-A beta-lactamases are chromosomally located while
the KPC and GES family of carbapenemases are plasmid encoded (Dahiya
et al., 2015). Characteristic properties of these enzymes include presence
of an active-site serine at position 70 and presence of a disulfide bond
between Cys69 and Cys238 (changes the overall shape of the active site)
(Papp-Wallace et al., 2011).

2.3.1.2.2. The Klebsiella pneumoniae carbapenemases enzyme (KPCs)
Klebsiella pneumoniae carbapenemases (KPCs) were first identified in
1996 in a K.pneumoniae isolate obtained from a patient hospitalized in
North Carolina, USA (Findlay et al., 2016). The KPC carbapenemases
differ from the other functional group 2f enzymes by two important
characteristics, first is the presence of the KPC enzymes on transferable
plasmids,the second, their substrate hydrolysis spectrum includes the
aminothiazole oxime cephalosporins, such as cefotaxime (Queenan and
Bush, 2007). Although, the KPC beta-lactamases are predominantly found
in K. pneumoniae, there have been reports of these enzymes in
Enterobacter species and in Salmonella spp (Dahiya et al., 2015).
2.3.1.2.3. Molecular Class B enzymes metallo-Beta-lactamases(MBLS)
MBLs are a group of class B beta-lactamases possessing a metal ion
required for beta-lactam hydrolysis (Patel and Bonomo, 2011), this class
of beta-lactamases can hydrolyze carbapenems and known by its resistance
to the commercially available beta-lactamase inhibitors, but susceptibility
to inhibition by metal ion chelators (Dahiya et al., 2015), in addition to the

carbapenems, most of these enzymes can hydrolyze cephalosporins and
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penicillins but lack the ability to hydrolyze aztreonam (Queenan and
Bush, 2007). The mechanism of hydrolysis is dependent on interaction of
the beta-lactams with zinc ions in the active site of the enzyme, resulting
in the distinctive trait of their inhibition by EDTA, a chelator of Zn2 and
other divalent cations (Dahiya et al., 2015). Class B enzymes are generally
chromosomally encoded isolated from Stenotrophomona smaltophilia,
Aeromonas spp., Bacillus cereus, Bacteroides fragilis, Flavobacterium spp
and Legionella gormanii) (Bassetti et al., 2009). The more geographically
widespread MBLs include IMP, VIM and, most recently, NDM-1 (Patel
and Bonomo, 2011). The metallo-beta-lactamases belong to the IMP, VIM
families have been detected primarily in P.aeruginosa; however, there are
increasing numbers of reports worldwide of this group of beta-lactamases
in the Enterobacteriaceae (Bassetti et al., 2009).

2.3.1.2.4. The Active Imipenem enzyme (IMP)

These MBLs are located within a most of genetic structures, most
commonly integrons, which can be incorporated into gene cassettes (Patel
and Bonomo, 2011) Gene cassettes are small pieces of circular DNA,
approximately 1 kb in size, comprising a single gene together with a
recombination site termed a 59-base element (Walsh et al., 2005). In 1988,
IMP-1, a plasmid-mediated MBL, was identified in an isolate of P.
aeruginosa from Japan (Patel and Bonomo , 2011), this enzyme
hydrolyzed imipenem, penicillins, and extended spectrum cephalosporins
but not aztreonam (Dahiya et al., 2015).At the present time, 26 variants of
IMP are described with most cases of IMP-mediated carbapenem
resistance being reported from Asia an among P. aeruginosa (Patel and
Bonomo, 2011).

12



2.3.1.2.5. The Verona Integron encoded Metallo-B-lactamaseenzymes
(VIM)

VIM-1 was first isolated in Verona, Italy, in 1997, VIM-2 was identified
in France in 1996 (Dahiya et al., 2015). To date, 23 variants of VIM are
found and VIM-2 appears to be the most common MBL isolated worldwide
(Patel and Bonomo, 2011).These enzymes were primarily detected in
P.aeruginosa; however, there were increasing numbers of reports
worldwide of this group of beta-lactamases in the Enterobacteriaceae
(Bassetti et al., 2009). These enzymes are resistant to a series of - lactams,
including piperacillin, ceftazidime, imipenem, and aztreonam (Walsh et
al., 2005).

2.3.1.2.6. The New Delhi Metallo-p-lactamaseenzymes (NDM)

New Delhi metallo beta-lactamase (NDM) is a type of Metallo
beta_lactamase (MBL) able to hydrolyze most Beta-lactams (including
carbapenems) but not monobactams (Wu et al., 2019), It was first
identified in a Klebsiella pneumoniae strain isolated from a Swedish
patient who had been hospitalized in New Delhi, India, in 2008 (Dortet et
al.,, 2014a), NDM-1 has been found in various species of the
Enterobacteriaceae, Acinetobacter, and Pseudomonas, and 24 variants of
NDM have been identified (Wu et al., 2019). NDM-positive strains are
usually resistant to most antimicrobial agents in addition to Beta-lactams
due to the co-existence of other resistance mechanisms (Nordmann et al.,
2011). NDM-positive strains cause a variety of infections that have been
reported to be associated with high mortality rates (Guducuoglu et al.,
2018). NDM-positive strains have been found worldwide, representing a
significant challenge for clinical management and public health
(Moellering, 2010).
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2.3.1.2.7. Molecular Class D enzymes

Class D beta-lactamases, also known as oxacillinases or OXA type beta-
lactamases (OXAs), are active-serine-site enzymes like Ambler class A
and class C beta-lactamases, differing from class A and C enzymes in
amino acid structure, whereas class B beta-lactamases are metalloenzymes
with a Zn2 ion in the active site (Poirel et al., 2010). These beta-lactamases
can hydrolyze cloxacillin or oxacillin at a rate of>50% than for
benzylpenicillin and hence are known as OXA enzymes (Dahiya et al.,
2015). Class D beta-lactamases are usually not inhibited by clavulanic acid,
tazobactam, and sulbactam, whereas their activities may be inhibited in
vitro by sodium chloride (NaCl) (Poirel et al., 2010). OXA related enzymes
now comprise the second largest family of beta-lactamases (Dahiya et al.,
2015).

2.3.2. Laboratory detection of carbapenemases

Detection of carbapenemase-producing organisms in the clinical
microbiology laboratory is a major importance for the choice of
appropriate therapeutic schemes and the implementation of infection
control measures (Miriagou et al., 2010). The detection strategy includes a
screening step followed by a phenotypic and genotypic confirmation step
(Stuart and Leverstein-Van Hall, 2010).

2.3.2.1. Screening tests

Screening is based on detection of reduced susceptibility to carbapenems
by carbapenemase-producing isolates compared with isolates of the wild-
type population (Stuart and Leverstein-Van Hall, 2010). The prevention of
spread of carbapenemase producers relies on early and accurate detection
of carriers in hospital units or on admission discharge either to the hospital
or to a specific unit (Nordmann et al., 2012a). Screening should include as
a minimum ‘at-risk’ patients, such as those in intensive care units,

transplant recipients and the immunocompromised, and those transferred
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from any foreign hospital (unknown prevalence of carbapenemase
producer carriage) or from non-foreign hospitals but known to face a high
risk of carriage of carbapenemase producers (Nordmann and Poirel, 2012).
2.3.2.1.1. Screen agars

A medium initially designed to screen for extended spectrum beta-
lactamase (ESBL) producers that contains carbapenem (CHROMagar
KPC; CHROMagar Company, Paris, France (Reglier-Poupet et al., 2008).
It detects carbapenem-resistant bacteria only if they exhibit high-level
resistance to carbapenems (Nordmann et al., 2012b). Its main disadvantage
therefore remains its lack of sensitivity since it does not detect
carbapenemase producers exhibiting a low level of carbapenem resistance,
as observed for several MBL or OXA-48 producers (Carrér et al., 2010).
The second screening medium also contains a carbapenem (CRE
Brilliance, Thermo Fisher Scientific,UK) (Nordmann and Poirel, 2012). It
detects KPC and MBL producers well, and most but not all OXA-48
producers (Nordmann and Poirel, 2012). The last and recently devloped
screening medium , is a novel and patented medium (SUPERCARBA
medium) containing cloxacillin, zinc and carbapenem molecule that has
improved sensitivity and specificity for detecting all types of
carbapenemase producer (including OXA-48 producers) (Nordmannetal.,
2012b).

2.3.2.2. Phenotypic detection of carbapenemase activity

2.3.2.2.1. Modified Hodge test (MHT)

The modified Hodge test (MHT) is a phenotypic screening test to identify
carbapenemase producers, being recommended by the Clinical and
Laboratory Standards Institute (CLSI) for Enterobacteriaceae with
elevated carbapenem MICs or reduced disk diffusion inhibition zones
(Pasteran et al., 2016). This test is based on the inactivation of a

carbapenem by carbapenemase-producing strains, which enables a
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susceptible indicator strain to extend growth toward a disk containing this
antibiotic, along the streak of inoculum of the tested strain (Girlich et al.,
2012). The MHT has shown excellent sensitivity in the detection of class
A and class D carbapenemase producers (Saito et al., 2015). Unfortunately,
the MHT performs poorly in the detection of NDM-producing isolates,
with sensitivity below 50% (Bonnin et al., 2012). Because NDMs are Zn
(I1)-dependent enzymes, it has been suggested that the deficits of this
cation in commercial media could be responsible for these false-negative
results (Girlich et al., 2012). The MHT technique is highly sensitive for
detecting class A, B, and D carbapenemases after addition of zinc in the
culture medium and lack of specificity and the delay in obtaining the results
(24 to 48 h) after isolation of a bacterial colony (Girlich et al., 2012).
2.3.2.2.2. Synergy test

Synergy test is based on in vitro inhibition of carbapenemase activity by
addition of an inhibitor specific for a class of carbapenemases (Khallil,
2018). For detection of class A carbapenemases, the inhibitor used is
tazobactam, clavulanic acid or boronic acid (3-aminophenylboronic acid)
(Nordmann and Poirel, 2012) and for detection of class B metallo
carbapenemases, ethylene diamine tetra-acetic acid (EDTA), 2-
mercaptopropionic acid, sodium mercaptoacetic acid or dipicolinic acid
can be used as an inhibitor (Khalil, 2018).

2.3.2.2.3. Carba NP test

Carba NP testisa rapid and biochemical detection of carbapenemase
production, which is based on the detection of the hydrolysis of the -lactam
ring of imipenem (Poirel and Nordmann., 2015). The most important and
recent development for the accurate identification of carbapenemase-
producing Enterobacteriaceae is the Carba NP test (Nordmann and Poirel,
2012). It is based on in vitro hydrolysis of imipenem by a bacterial lysate,

which is detected by the changes in pH values using the indicator phenol
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red (red to yellow/orange) (Tijet et al., 2013). This test is 100% sensitive
and specific, as are molecular techniques (Nordmann and Poirel, 2012). It
detects not only all known carbapenemases (belonging to Ambler A, B and
D classes) in Enterobacteriaceae but should also identify virtually any
new emerging 26 carbapenemase, in contrast to molecular techniques
(Nordmann and Poirel, 2012). Overall, the Carba NP method was easy to
perform, inexpensive and, in most cases, easy to interpret (Tijet et al.,
2013). This technique will soon become a reference technique since it
fulfils the clinical requirement of a rapid and low-cost identification
method for carbapenemase producing Enterobacteriaceae (Nordmann and
Poirel, 2012).

2.3.2.3. Molecular detection of carbapenemases genes

Molecular techniques remain the gold standard for the precise
identification of carbapenemase genes (Nordmann et al., 2012a). Most of
these techniques are based on PCR and may be followed by a sequencing
step if a precise identification of the carbapenemase gene is needed (e.g.
VIM type, KPC type, NDM type or OXA-48 type) (Nordmann and Poirel,
2012). They are either single or multiplex PCR techniques (Nordmann et
al., 2012a). A PCR technique performed directly on colonies can give
results within 4-6 h (or less when using real-time PCR technology) with
excellent sensitivity and specificity (Nordmann and Poirel, 2012). The
main disadvantages of the molecular based technologies are their cost, the
requirement for trained microbiologists and the inability to detect novel
unidentified genes (Nordmann et al., 2012a).

Sequencing of the genes is interesting mostly for research and
epidemiological purposes (Nordmann and Poirel, 2012). Precise
identification of the type of carbapenemase is not actually needed for

treating patients or for preventing outbreaks (Nordmann et al., 2012a).
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These molecular techniques may be mostly used in reference laboratories
(Nordmann and Poirel, 2012).

The DNA microarray may be more useful for epidemiological purposes or
for infection control studies in case of high numbers of isolates have to be
rapidly characterized (Dortet et al., 2014b). Additionally, this procedure
may also detect potential new carbapenemases (Dortet et al., 2014b).
Colony blot hybridizations using labeled probes have been used to
efficiently screen large numbers of clinical isolates for carbapenemase
genes (Khalil, 2018).Southern blot hybridization too has been used to
determine whether the carbapenemase gene resides on a plasmid or the
chromosome (Khalil, 2018).

2.3.2.4 Previous studies

Mohammed et al (2015) in Nigeria characteried of KPC, NDM and VIM
Type Carbapenem Resistance Enterobacteriaceae from North Eastern,
Nigeria, they found that from 19 Proteus mirabilis, 2 (18.2%) harboring
KPC and 1(50%) VIM.

Another study conducted by Demir and Karaoglan (2015) in Turkey they
investigates of VIM, IMP, NDM-1, KPC AND OXA-48 enzymes in
Enterobacteriaceae strains, they found that none of the P. mirabilis
showed carbapenemase gene.

Mushi and his colleagues (2014) in Tanzania studied the Carbapenemase
Genes among multidrug resistant gram negative clinical isolates. They
found that none of the P. mirabilis showed carbapenemase gene.

Another study conducted by Okoshi and others (2015) in Uganda they
studied the prevalence and Characterization of Carbapenem-Resistant
Enterobacteriaceae Isolated from Mulago Mational Referral Hospital,they
found that from 6 P.mirabilis isolates one have two genes (KPC,OXA-
48).
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Vourliand his colleagues (2006) in Greece studied the emergence of
P.mirabilis carrying the blaVIM-1 metallo-B-lactamase gene. they found
that seven P.mirabilis carrying the blaVIM-1 metallo-B-lactamase gene.
Another study conducted by Qin and others (2015) in China they
characterized an NDM-1-producing clinical isolate of P. mirabilis (PM58)
that displayed an extensively drug-resistant (XDR) phenotype.

Chen and his colleagues (2015) published the first report of an OXA-48-
producing multidrug-resistant P.mirabilis strain in Gaza.

Tibbetts and his colleagues(2008) in Athens showed that the isolate of
P.mirabilis recovered from blood cultures of a diabetic patient was shown
to be resistant to imipenem, meropenem, and ertapenem by disk diffusion
susceptibility testing. Amplification of whole-cell and/or plasmid DNA
recovered from the isolate with primers specific for the blaKPC
carbapenemase gene produced an amplicon of the expected size which was
confirmed to be blaKPC-2 by sequence analysis.

Another study conducted by Ramos and his colleagues (2018) in Brazil
they characterize multidrug-resistant P.mirabilis clones carrying a novel

class 1 integron-borne blalMP-1.
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CHAPTER THREE

MATERIALS AND METHODS
3.1. Study design
This study was a descriptive-case laboratory based study.
3.2. Study area
This study was conducted in Khartoum State. P.mirabilis isolates were
collected from the following hospitals; Omdurman Military Hospital,
Aliaa Hospital, Soba University Hospital. The study was performed at
Sudan University of Science and Technology, College of Medical
Laboratory Science.
3.3. Study duration
The study was conducted during the period from March to November 2019.
3.4 Study samples
The isolates of P.mirabilis were obtained from laboratory of hospitals,
which previously isolated from clinical specimens (urine, wound swabs,
high vaginal swabs and semen).
3.5. Ethical considerations
The study was approved by Research Board of College of Medical
Laboratory Science, Sudan University of Science and Technology.
3.6. Sampling technique
Non-probability convenience sampling technique.
3.6.1. Sample size
A total of fifty P.mirabilis isolates (n=50) were collected for this study
.3.7. Data collection

Data was collected from hospital check list.
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3.8. Laboratory Methods

3.8.1. Samples preservation

The isolated organisms were stored in Research Laboratory in Sudan
University of Science and Technology, in 20% Glycerol peptone media.
3.8.2. Subculture

Few drops of glycerol peptone media containing organism were inoculated
on Nutrient agar and MacConkey’s agar and incubated overnight at 37°C
aerobically.

3.8.3. Reidentification of isolates

3.8.3.1 Gram stain

A Primary stains "Crystal violetl was applied to the dry—heat—fixed smear
of microorganism forlminute. Then the stain was washed with Water and
cover with Lugol’siodineforI minute.Stain was washed with

distilled water. And decolorized by acetone, alcohol and washed with
distilled water. Then the stain was covered with safarnin for 2minutes.The
slide was placed in a rack to dry. The specimen was examined at (X100)
(Oil-immersionlens) (Cheesbrough, 2006).

3.8.3.2 Biochemical tests

The following tests have been done according to standard laboratory
procedures (Cheesbrough, 2006). Using sterile straight wire loop, the
colonies were touched and inoculated on (Kligler Iron Agar, Tryptophan
peptone water, Simmon's citrate agar, Christensen’s urea agar) (HIMEDIA,
India), and then incubated at 37°C in an incubator, then interpreted
according to their reactions (Cheesbrough, 2006).

3.8.3.2.1 Indole test

A sterile loop was used to inoculate the tested organisms into (2 ml)
peptone water; the tube was incubated at (37°C) for (24 hrs) in an
incubator. In the next day, add drop of Kovac's reagent (4-dimethylamino
benzaldehyde), it was shacked gently and examined for red color ring
within (10 mints). P.mirabilis is negative for indole test (Cheesbrough,
2006).
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3.8.3.2.2 Kligler Iron Agar (KIA)

The tested organisms were inoculated into KIA medium, using a straight
wire, the agar butt was stabbed, the opening was closed and then the top
slope was streaked (as zigzag). The medium was incubated at (37°C) for
(24 hrs) in an incubator. Glucose fermentation, lactose fermentation, H2S
production and gas production were reported. P.mirabilis gave yellow butt
and red slope, H2S production and no gas production (Cheesbrough,
2006).

3.8.3.2.3 Urease test

The tested organisms were cultured in a medium which contains urea, and
the indicator phenol red, by using a sterile straight wire and under a septic
condition, the media was inculcated and incubated overnight at (37°C) in
an incubator, P.mirabilis is urease positive (produce pink color)
(Cheesbrough, 2006).

3.8.3.2.4 Citrate utilization test

The tested organisms were picked up by a straight wire and inoculated in
sloped Simmon’s citrate agar and incubated overnight at 37°C in an
incubator, after incubation the media was tested for change in color,
P.mirabilis gave positive result (blue color) (Cheesbrough, 2006).

3.8.4. Susceptibility testing

Kirby Bauer CLSI modified disc diffusion technique, Mueller Hinton agar
was used for antimicrobial susceptibility testing. By using a sterile wire
loop, 3-5 colonies of similar appearance of the tested organism were picked
and emulsified in 3-4 ml of sterile physiological saline, and were matched
with 0.5% McFarland standard in a good light. Then sterile swab was used
to inoculate a plate of Mueller Hinton agar, excess fluid was removed and
swab was streaked evenly over the surface of the medium in three
directions to ensure even distribution, and then allowed 3-5 minute to dry.
Using sterile forceps, needle mounted in a holder or a multidisc dispenser,

the appropriate antimicrobial discs were placed and distributed evenly on
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the inoculated plate. After incubation at 37°C overnight, the zones
diameters were recorded and interpreted according to CLSI guidelines.
Ceftazidime (30mcg), ciprofloxacin (5mcg), amikacin (30mcg)
«gentamicin (10mcg) and imipenem (10mcg) were used in this study with
the control strain Escherichia coli ATCC 25922.

3.8.5. Detection of carbapenem resistance genes of P.mirabilis

3.8.5.1. DNA extraction

DNA extraction with GenoLyse procedure. All scraped colonies were
washed with 500ul normal saline (NS), then centerfuge for 15 minutes at
10.000 rpm, discarded supernatant and added 100ul lysis buffer, then
resuspended and incubated for 5 minute at 95°C, then add 100pul
neutralization buffer and vortex, then centrifuge for 5 minute at full speed
and supernatant was taken new tube. The DNA samples were stored at-
20°C until used for PCR (Hain Life Sciences, Germany).

3.8.5.2. PCR technique

3.8.5.2.1. Primers

Primers set were used to detect carbapenem resistant genes of P.mirabilis.
The primers were dissolved according to manufacture guidelines to prepare
10 pmol /uL.
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Table 3.1 Primers sequences and amplicons size used for detection of

carbapenem resistance genes of P.mirabilis

Primer name DNA sequence ( 5” to 3”) Amplicons
size (bp)
KPC Forward: CATTCAAGGGCTTTCTTGCTGC | 498
Reverse: ACGACGGCATAGTCATTTGC
NDM Forward: GGTTTGGCGATCTGGTTTTC 521

Reverse: CGGAATGGCTCATCACGATC

IMP Forward: TTGACACTCCATTTACAG 232
Reverse: GATTGAGAATTAAGCCACTCT

OXA-48 Forward: GCTTGATCGCCCTCGATT 281
Reverse: GATTTGCTCCGTGGCCGAAA

VIM Forward: GATGGTGTTTGGTCGCATA 390

Reverse: CGAATGCGCAGCACCAG

3.8.5.2.2. Preparation of 10X Tris Base EDTA (TBE) buffer

An amount of 48.4g of Tris base was added to 559 of boric acid and 7.44g
of EDTA and then dissolved into 1L of D.W.

3.8.5.2.3. Preparation of 1X TBE buffer

10ml of 10X were added to 90ml D.W and mixed.

3.8.5.2.4. Preparation of ethidium bromide

10mg of ethidium bromide were dissolved into 0.5ml D.W and kept into
brown bottle.

3.8.5.2.5. Preparation of agarose gel

Amount of 1.5 g of agarose powder were dissolved into 100 ml of 1X
TBEusing microwave for 30s. The mixture had been cooled and then 2l
of ethidium bromide was added <mixed well and poured in a casting tray
that had been taped up appropriately and equipped with spacers and stable
comb to form wells. Any bubbles were removed and the gel allowed setting
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at room temperature, after solidification, the comb and the spacers were
gently removed.

3.8.5.2.6. Master Mix

Maxime PCR PreMix kit (iNtRON Biotechnology, Seongnam, Korea) was
used.

3.8.5.2.7. Preparation of reaction mixtures

3.8.5.2.7.1. Reaction mixture for carbapenem resistance genes
Multiplex PCR was carried out in a 20ul volume using the Maxime PCR
PreMix kit (iNtRON Biotechnology, Seongnam, Korea), premix were
dissolved by 16 ul of D.W, transferred in to 0.5 ml PCR tube, for each gene
0.4 pl of forward primer, 0.4 ul of reverse primer, 2 pul of DNA were added.
3.8.5.2.8. Amplification Protocol of NDM, IMP and VIM

The PCR was done by using a thermocycler (Convergys, Germany) for
amplification with the following conditions: initial activation at 94°C for 2
minutes, followed by 35 cycles at 94°C for 20s, 56°C for 10s, and 72°C for
20s, and a final extension at 72°C for 5 minutes.

3.8.5.2.8.1. Amplification Protocol of KPC and OXA-48 genes

The PCR was done by using a thermocycler (Convergys, Germany) with
the following conditions: initial activation at 94°C for 5 minutes, followed
by 35 cycles at 94°C for 45s, 52°C for 1 minute, and 72°C for 1 minute,
and a final extension at 72°C for 10 minutes.

3.8.5.2.9. Visualization of PCR product

The amplicons were separated at 50V for 1hr ina 1.5% (wt/vol) agarose
gel containing ethidium bromide, bands were visualized under U.\VV
transilluminator (UVitec—UK) to detect the specific amplified products by
comparing with 100bp standard ladder (INtRON biotechnology. Korea).
3.9. Data analysis and presentation

The data obtained were analyzed and presented using Statistical Package
for Social Science (SPSS) computer software version 16.0 for Windows.
Results were presented in form at tables and figures.
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RESULTS

4.1. Distribution of P.mirabilis isolates according to the type of
specimen

Out of fifty P.mirabilis isolates, 21 (42%) were isolated from urine, 26
(52%) from wound swabs, 2(4%) from high vaginal swabs and 1(2%) from

semen specimen (Figure 4.1).

m Urine ™ Wound Swab  m High vaginal swab Semen

2%

Figure (4.1): Distribution of P.mirabilis according to the type of
specimen

4.2. Results of Antibiotics susceptibility test

Out of fifty isolates, 48(96%) were resistant to ceftazidime,31(62%) were
resistant to ciprofloxacin, 30(60%) were resistant to amikacin, 43(86%)

were resistant to gentamicin and 13(26%) were resistant to imipenem.
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Table (4.1): Results of antibiotics susceptibility test

Antibiotics Results Sensitive Resistant
Ceftazidime (30mcg) | 2(4%) 48(96%)
Ciprofloxacin (5mcg) | 19(38%) 31(62%)
Amikacin (30mcg) 20(40%) 30(60%)
Gentamicin (10mcg) | 7(14%) 43(86%)
Imipenem (10mcg) 37(74% 13(26%)
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4.3. Detection of P.mirabilis carbapenem resistance genes
All 50 P.mirabilis isolates investigated for the presence of carbapenem
resistance genes (NDM, IMP, VIM, OXA-48 and KPC) using multiplex

PCR. All P.mirabilis isolates were negative 0(0%) for all carbapenem five

resistance genes (Figure 4.2).

Figure (4.2): Gel electrophoresis of carbapenem resistance genes
(NDM, IMP, VIM, OXA-48 and KPC)
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CHAPTER FIVE

DISCUSSION, CONCLUSION AND RECOMMENDATIONS
5.1. Discussion
The emergence and spread of carbapenem resistance Enterobacteriaceae
(CRE) have become an increasing concern for healthcare services
worldwide, especially when mediated by transferable carbapenem seen
coding genes (Baran and Aksu, 2016). Infections caused by these bacteria
have been associated with significant morbidity and mortality and
treatment options have been limited (Baran and Aksu, 2016).
In this study, 50 P. mirabilis isolates were collected from different
hospitals in Khartoum State and were cultured on nutrient agar and
MacConkey’s agar. All isolates were identified using biochemical tests.
Multiplex PCR was used to detect five carbapenem resistant genes (NDM,
IMP, VIM, OXA-48 and KPC).
The present study demonstrated that from 50 P. mirabilis isolates 48(96%)
were resistant to ceftazidime. The result of present study agree with the
study of Mushi et al (2014) in Tanzania who reported that (100%) of P.
mirabilis were resistant to ceftazidime. Different results were reported by
Hashemi et al (2013), from west of Iran who found that (70%) of P.
mirabilis were resistant to ceftazidime.
In present study (62%) of P. mirabilis were resistant ciprofloxacin. These
results were contrast to the studies of Al-Jumaily and Zgaer (2016) in
Baghdad City who reported that (33%) of P. mirabilis were resistant to
Ciprofloxacin.
In this study (60%) of P. mirabilis were resistant to amikacin. This is
slightly similar to the study of Tsai and his collegues (2014) in Taiwan they
reported that (46%) of P. mirabilis were resistant to amikacin. In the

present study (86%) of P. mirabilis were resistant to gentamicin. This
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result dis agree with study of Hussein (2018) who reported that (60%) of
P. mirabilis were resistant to gentamicin.

The result of present study demonstrated that (26%) of P. mirabilis were
resistant to imipinem.This result is nearly similar to the study of Nazeih
and Abbas (2019) in Zagazig whom reported that (15%) of P. mirabilis
were resistant to imipenem and differ from the study of Zafar and his
collegues (2019) in Quetta who reported that (96%) of P. mirabilis were
resistant to imipenem.

In this study, P. mirabilis isolates were negative for all five genes studied.
This result is comparable to study of Mushi et al (2014) in Tanzania and
differ from the study of Vourliand his colleagues (2006) in Greece they
found that seven P.mirabilis carrying blaVIM-1 metallo-B-lactamase gene
and also disagree with study of Ramos and his colleagues (2018) in Brazil
they characterize multidrug-resistant P.mirabilis clones carrying a novel
class 1 integron-borne blalMP-1.

In this study, P.mirabilis isolates were negative for all five genes in spite
of resistance to antibiotics, this due to these bacteria may contain
carbapenem resistance genes other than genes included in this study such
as: SPM, SME, NMC-A, IMI-2...etc, also these bacteria may have other

mechanisms of resistance such as drug efflux and porin loss.
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5.2. Conclusion
According to sample collection this study concluded that there is no
carbapenem resistance genes (NDM, IMP, VIM, OXA-48 and KPC)

among P.mirabilis isolates in Khartoum State.
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5.3. Recommendations

This study recommended that:

Large sample size to be studied to confirm these results.

Study of other carbapenem resistant genes such as SPM, NMC-
A,SPM,.. .etc.

It is of great importance to make a unique and precise guideline for routine
Microbiology Laboratories in order to detect carbapenemase producing
isolates.

Adhering to extensive infection control measures in community and
hospital-acquired infections to disrupt the further spread of
carbapenemase-producing isolates among hospitalized patients in Sudan.

Apply sensitivity testing to other carbapenem as meropenem, ertapenem.
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APPENDICES
Appendix I:

Equipments:

Microscope

Autoclave

Incubator

Microwave

Thermocycler

Water bath

Vortex

UV light

Appendix II:

Reagents and culture media

1: Crystal violet (HilMedia Laboratories Pvt. Ltd. Mumbali, Inida)
Ingredients g/L

Crystal violet 20g

Ammonium oxalate 9 ¢

Ethanol or methanol, absolute 95 ml.

Preparation:

Weigh the crystal violet on a piece of clean paper (pre weighed), transfer
to a brown bottle, pre marked to hold I liter, add the absolute ethanol or
methanol (technical grade is suitable) and mix until the dye is completely
dissolved, weight the ammonium oxalate and dissolve in about 200 ml of
distilled water, add to the stain, make up to the I liter mark with distilled
water, and mix well (Caution: Ammonium oxalate is a toxic chemical,
there fore handle it with care), label the bottle, and store it at room

temperature. The stain is stable for several months.
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2: Lugol’s iodine (HiMedia Laboratories Pvt. Ltd. Mumbai, India)
Ingredients g/L

Potassium iodide

lodine 10 g.

Preparation:

Weight the Potassium iodide, and transfer to a brown bottle pre marked to
hold 1 liter, add about a quarter of the volume of water, and mix until the
potassium iodide is completely dissolved, weight the iodine, and add to the
potassium iodide solution. Mix until the iodine is dissolved (Caution:
lodine is injurious to health if inhaled or allowed to come in contract with
eyes., therefore handl eit with care in a well ventilated room and make up
to the I liter mark with distilled water, and mix well. Label the bottle, and
mark it Toxic. Store it in a dark place at room temperature Renew the
solution if it’s colour fades.

3: Acetone-alcohol decolorize (HI Media Laboratories Pvt. Ltd.
Mumbai, India)

.Ingredients g/L

Acetone 500MI

Ethanol or methanol, absolute 475 Ml

Preparation:

Mix the distilled water with the absolute ethanol (ethyl alcohol) or
methanol (methy1 alcohol), transfer the solution to a screw-cap bottle of 1
liter capacity, technical grade is adequate, measure the acetone, and add
iImmediately to the alcohol solution mix well (Caution: Acetone is a highly
flammable chemicalthat vaporizes rapidly, therefore use it well away from
an open flame) and labelthe bottle, and mark it Highly flammable. Store in

a safe place at room temperature the reagent is stable indefinitely.
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4: Safranin (HiMedial Laboratories Pvt. Ltd. Mumbai, India)
Ingredients g/L

Safranin O 0.50

Ethyl alcohol, 95% 100.11

5: Eosin Methylene Blue —HiMedia Laboratories Pvt. Ltd. Mumbai,
India)

Ingredients g/L

Peptone 10.000

Lactose 10.000

Di postassuim Hydrogen phosphate 3.000

Eosin yellow dye 0.400

Methylene Blue dye 0.065

Agar 14.000

Directions:

Suspend 37.5 g in 1000 ml of cold distilled water. Heat to boiling, string
constantly, distribute and autoclave at 121 °C for 15 min cool to about 60°C
and before transferring to plates gently shake the flask to oxidize the
medium and 46 to disperse the flocculent precipitate that forms darning
sterilization final PH 7.1 /+ -0.2.

6: Kligler Iron Agar (HiMedia Laboratories Pvt. Ltd. Mumbai,
Ingredients India).

Ingredients g/L

Peptic digest of animal tissue 15.00

Beef extract 3.00

Yeast extract 3.00

Protease peptone 5.00

Lactose 10.00

Dextrose 1.00
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Ferrous sulphate 0.20

Sodium chloride 5.00

Sodium trisulphate 0.30

Phenol red 0.024

Agar 15.00

Final pH 7.4 £0.2(at 25 °C).

Preparation:

Suspend 57.52 grams in 1000 ml distilled water. Heat to boil to dissolve
the medium completely. Mix well and distribute into tubes. Sterilize by
autoclaving at 15 Ibs pressure (121 ° C) for 15 minutes. Cool the tubes on
slopes with inch butts.

7: Peptone Water (HiMedia Laboratories Pvt. Ltd. Mumbai, India).
Ingredients g/L

Peptic digest of animal tissue 10.00

Sodium chloride 5.00

Final pH7.2+/- 0.2(at 25°C).

Preparation:

Suspend 15.0 grams in 100 ml distilled water. Mix well and dispense into
tubes with or without inverted Durham's tubes and sterilize by autoclaving
at15 Ibs pressure (121 °C) for 15 minutes.

8: Kovac’s Reagent (HiMedia Laboratories Pvt. Ltd. Mumbai, India)
Ingredients g/L

P-dimethyl amino benzaldehyde 10 g

Isoamyl alcohol 150mL

Concentrated hydrochloric acid 50mL

Preparation:

Kovac's reagent is prepared by dissolving 10 gm of p-dimethyl amino
benzaldehyde in 150 ml of isoamyl alcohol and then slowly adding 50 ml

of concentrated hydrochloric acid.
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9: Urea Agar (Christensen) (HiMedia Laboratories Pvt. Ltd. Mumbai,
India)

Ingredients g/L

Peptic digest of animal tissue 1 .00

Dextrose 1.00 Sodium chloride 5.00

Di potassium phosphate 1.20

Mono potassium phosphate 0.80

Phenol red 0.012

Agar 15.00

Final pH 7.4%0.2 (at25°C).

Preparation:

Suspend 21 grams in 950 ml distilled water. Heat to boiling to dissolve the
medium completely. Sterilize by autoclaving at 15 Ibs pressure (121 ° C)
for 15 minutes. Cool to 50°C and aseptically add 50 ml of sterile 40% urea
solution and mix well. Dispense into sterile tubes and allow setting on
slanting position. Don’t over heat or reheat the medium as urea
decomposes very easily.

10: Simmons Citrate Agar (HiMedia Laboratories Pvt. Ltd. Mumbai,
India)

Ingredients g/L

Magnesium sulphate 0.20

Ammonium dihydrogen phosphate 1.00

Dipotassium phosphate 1.00

Sodium citrate 2.00

Sodium chloride 5.00

Bromothymole blue 0.08

Agar 15.00

Final pH 7.4%0.2(at25°C).
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Preparation:

Suspend 24.28 grams in 100 ml distilled water. Heat to boiling to dissolve
the medium completely. Dispense as desired in tubes or flasks, sterilize by
autoclaving at 15 Ibs pressure (121 °C) for 15 minutes.

11: Muller Hinton agar

Muller Hinton agar is used for testing susceptibility of common and rabidly
growing bacteria using antimicrobial disc, it manufactured to contain low
level of thymine, thymidine, calcium and magnesium.

Ingredients g/L

Casein acid hydrolysate 17

Beef heart infusion 2

Starch soluble 1.5

Agar 17

Final pH 7.2 +/- 0.2(at 25°C) 7.3

Directions:

Suspend 38 grams in 1000 ml distilled water. Heat to boiling to dissolve
the medium completely. Sterile by Autoclave at 15 Ibs pressure (1 21°C)
for 15 min. mix and pour.

12: McFarland’s standard (HiMedia Laboratories Pvt. Ltd. Mumbai,
India).

Ingredient g/1

Sulphuric acid 1.0 ml

Barium chloride 2.35¢

Distilled water 299 mi

Preparation:

Prepare 1% v/v solution of sulphuric acid by adding 1 ml of concentrated

sulphuric acid to 99 ml of distilled water, prepare 1.175% w/v solution of
barium chloride in 200 ml of distilled water, to make turbidity standard

add0.5ml of barium chloride to 99.5 ml of sulphuric acid and mix.
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Appendix:

Colored plate (1): Biochemical reaction of P.mirabilis
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Colored plate (2): Susceptibility test results: Using ceftazidime (CAZ)

30 mcg, ciprofloxacin (CIP) 5mcg, (C) 30 mcg, gentamicin (GEN) 10
mcg and imipenem (IPM) 10 mcg on Muller Hinton agar.
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Colored plate (3): Microwave
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Colored plate (4): Thermocycler
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Colored plate (6): Transilluminator system
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Color plate (7): Microcentrifuge device
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