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Summary

Summary:

A total of 105 clinical samples were collected during this study which
obtained from patients suffering from different infection such as UTI, vaginitis,
wound infection, bacteremia who admitted to two main hospitals of AL-Hilla City:
Al-Hilla Surgical Teaching Hospital and Imam Sadiq Education Teaching Hospital
during a period extending from (August 2022 to November 2022).

All specimens were subjected to aerobic culturing on different media and it
was found that out of the total 105 specimens, 70 (66.6%) specimens showed
positive bacterial culture. No growth was seen in other 35 (33.3%) specimens.
Among (70) positive culture were culturing on chromogenic agar medium as

(selective media), only 15 (14.2%)positive samples were identified as E. faecalis.

These isolates then subjected to molecular detection method using specific
primer based on D-alanine D-alanine ligase gene ddl as a genetic marker to confirm
the identification of E. faecalis by PCR, the results revealed that 15(100%) were

positive for ddl .

All the identified E. faecalis isolated from different sources are subjected in
vitro to antibiotic susceptibility test by modified Kirby-Bauer disc diffusion method.
It has been found that E. faecalis isolates are 15 (100%) isolates were resistant to
Clindamycin, Ciprofloxacin and Kanamycin for each, 14(93.3%) isolates were
resistant to Imipenem, 13 (86.6%) isolates were resistant to Refampin and
Nitrofurantoin,12 (80%) isolates were resistant to Erythromycin 11 (73.3%) isolates
were resistant to Vancomycin, 2(13.3%) isolates were resistant to Levofloxacin, and
1(6.6%) isolates were resistant to Teicoplanin and Piperacillin.

The phylogenetic diversity between 15 E. faecalis isolates from different

clinical specimens using RAPD-PCR was performed . Molecular typing of E.
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faecalis using M13 primer showed polymorphism among the isolates generated 7-
14 bands, ranging between 95 to 3000 bp.

RAPD-PCR analysis yeiled 10 distinct genotype among 15 investigated
isolates . The cladogram of genetic distance among all the isolated based on fragment
polymorphism generated by RAPD — PCR after using the primer M13 by using
UPGMA. The cladogram divided all isolates (15) in to two clusters . First cluster
(A) conteined only one isolate (EF17) and the second cluster (B) contained 14
isolates, divided the 14 isolates in to two sub clusters, the first sub cluster divided in
to two branches, the first branch divided more to two sub branches . one contained
two isolates (EF 12 & EF 13). On the other hand the second contained eight isolates
(EF6,EF7,EF8,EF9,EF10,EF11,EF14,&EF15).The second branch contained only
one isolate (EF16) .Moreover ,the second sub cluster contained three isolates
(EF18,EF19,EF20).Cluster (B) showed close genetic linkage &the same genetic
distance between some isolates therefore displaying clonal dissemination. Their
close genetic relationship based on the dissimilarity coefficient indicated a low

genetic variability between them.

In this study, multilocus sequence typing method (MLST) were used to
investigate the discriminatory ability, reproducibility, and the genetic relationship
between 15 E. faecalis isolates. The sequence data obtained for MLST for
determining the population structures analyzing the extent of linkage disequilibrium
between alleles for phylogenetic relationships between 15 isolates, depended on the
five housekeeping genes frequently used for MLST analysis of E. faecalis (pepC,
recA, clpX, rpoB, groEL).

The mean GC content of sequnces of five gene fragments ranged from
35%(pepC) to 43%(recA):Trimmed fragment size of the five selected loci ranged
from 479 bp (groEL)to 619 bp (clpX).The nucleotide diversity ranging from 0.00048

I
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to 0.00999 pergene . Moreover, the number of polymorphic site per locus ranged
from 2 (recA) to 22(rpoB) and harbored a total of 45 SNP.

the dy/ds ratios which indicated negative selection were determined to be less
than 1 for the pepC & recA genes while were determined to be more than 1 for the

clpX, rpoB &groEL genes which indication positive selection .

According to allelic profile it was found that the presence of allelic variant
(SNP, insertion, or deletion) between isolates. In the case rpoB was more variant or
mutant than other 4 housekeeping genes, contrary to the recA which was the least
variant. The gene chosen for the present MLST scheme seem to be representatives
of the general polymorphism seen in housekeeping genes of E. feacalis.

Fifteen sequence types (STs) were identified through MLST analysis of the
E. feacalis isolates. The phylogeny of these ST, an MLST phylogenetic tree of all
the E. feacalis strains was inferred maximum like hood approach from concatenated
sequence. All E. feacalis isolates showed polyphyletic lineage and revealed three
distinct clusters, cluster A contain one isolate (13EF), cluster B contain one isolate
(14EF) and cluster C contain 13 isolates, and this cluster was divided into
subclusters.

The split graphs for clpX , groEL & rpoE revealed network like with
parallelogram structures, while the split graphs of pepC &recA are tree like
structures and the split decomposition analysis of combined five MLST Loci display
network like structure with rays of different length .

MLST of 15 isolates from different clinical specimens revealed 15 different
sequence typed that grouped into two major clonal complex (ccl & cc2) by use of
eBURST. Among the 2 cc, ccl was the largest and comprised 8 link ST, namely
ST1, ST3,ST2, ST5, ST/, ST11, ST13 & ST6.
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In this study, it was determined the occurrence of CRISPR loci in E. faecalis
isolated from different infectious source (urine ,vagina &wound) . The distribution
& the frequency of three different CRISPR- cas elements in Enterococcus faecalis
isolates. Over all, CRISPR2 was identified in 8(53.3%) of the isolates followed by
CRISPR3- cas and CRISPR1 — cas (33.3 & 20% respectively).

The presence of CRISPR loci among the UTI E. faecalis (8) isolates was
higher than for vagina (6) isolates & wound (2) isolates which were multidrug
resistance isolates. The reason of higher presence of CRISPR loci among UTI

isolates is not clear but could confer antibiotic resistance to them.

The correlation between the presence of CRISPR — cas & phenotypic
antibiotic susceptibility was also studied . The CRISPR — cas positive E. faecalis
showed lower resistance rates against almost antibiotic in comparision with CRISPR
— cas negative E. faecalis isolates. Overall, CRISPR2 was predominant in almost
antibiotic susceptible isolates . The presence of CRISPR — cas is associated with the

absence of some antibiotic resistance acquired by horizontal gene transfer.
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Chapter One Introduction and Literatures Review

1.1 Introduction:

Enterococci are Gram-positive facultative anaerobic cocci in short and
medium chains, first discovered in 1899 in the human gastrointestinal tract. They
were recognized as a separate genus from streptococci by DNA hybridization and
16S rRNA sequencing in 1984 ( Fiore et al.,2019). They are the first of the ESKAPE
organisms (Enterococci spp., Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacter spp.) highlighted
by the WHO as rising causes of nosocomial and antibiotic-resistant infections in the
last few decades threatening public health ( Zhen et al.,2019).

There are about 58 species recognized of enterococci so far, the most important
and common being E. faecalis and E .faecium ( Garcia-Solache et al.,2019).
Enterococcal colonization of the Gl tract is the main predisposing factor for severe
infections, which occur through gut translocation. Enterococci are phagocytosed and
transported across the intestinal wall and resist killing by the lymph system
(Fernandez et al.,2019).

E. faecalis strains cause serious infections, including gastrointestinal and
urinary tract infections, meningitis, bacteraemia, and periodontitis (Abat et al., 2016;
Said et al., 2021). The severity and pathogenicity of diseases caused by these
bacteria are higher in the presence of well-defined virulence factors and toxins (Goh
etal., 2017;Wu et al., 2020).

Infections caused by E. faecalis are mainly hard to treat by common
antimicrobials (Shiadeh et al., 2019). Therefore, the assessment of antimicrobial
resistance of E. faecalis strains can directly introduce the most suitable antimicrobial
agents for further therapeutic options (Perera et al., 2020).The ability of enterococci
to resist the action of many antibiotics used played an important role in increasing

the rate of prolonged enterococcal infections (Hollenbeck et al.,2012).
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Chapter One Introduction and Literatures Review

Enterococcus species is known for both intrinsic and acquired resistance to
many antimicrobials. The most common mechanism for intrinsic resistance is due to
the presence of many resistance genes against the various antimicrobials. The
acquired resistance of enterococci is due to DNA mutation or acquiring of other new
genes through different methods of gene transfer. This leads to the development of
resistance against many antibiotics like vancomycin, tetracycline, macrolides,
fluoroquinolones, and others (Esmail et al.,2019). Multidrug resistant isolates are
those isolates which are resistant to three or more different classes of antimicrobial
agents ( Falagas et al.,2008).

The randomly amplified polymorphic DNA (RAPD) polymerase chain
reaction (PCR) to detect the amount of genetic diversity among the Enterococcus
group, pulse field gel electrophoresis for comparative profiling analysis and 16S
rDNA ribotyping to identify the strains to species level (Healy, et al., 2005).The
applied RAPD-PCR method was also reported to be sensitive and practical for the
molecular typing of clinical isolates of E. faecalis (Banerjee, 2013; Emaneini
et al., 2016).

The multiple locus sequence typing (MLST) have been globally recognized as
highly discriminative standard strategies in modern epidemiological studies
(Ghaderi et al., 2015). MLST, which is a typing method based on the sequencing of
housekeeping genes and characterizes isolates on the basis of variation in nucleotide
sequences of each locus of the selected genes. The different sequence at each locus
are assigned with specific allele numbers and each unique combination of alleles,
often called as allelic profile is assigned a sequence type (ST), which is the

unambiguous descriptor of the strain (Sharma et al., 2016).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9122428/#vms3761-bib-0007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9122428/#vms3761-bib-0038
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Five gene multi-locus sequence typing (MLST) is a widely used classification
system for categorizing bacteria. It can be used to quickly rule an isolate in or out of
an outbreak and knowing a sequence type (ST) can often allow for general
characteristics of a bacteria to be inferred (Gardy and Loman 2018).

Multilocus sequence typing (MLST) is acommonly used method of assessing
subspecies phylogenetic relationships. In one E. faecalis MLST employing five
housekeeping gens: pepC (Aminopeptidase C), rpoB (RNA polymerase B subunit),
groEL (Chaperonin GroEL) ,recA (Recombinase protein A) and clpX (ATP-
dependent protease subunit) are amplified by PCR, sequenced, and compared to a
global database such that an allele variant number can be assigned to each
gene(Ruiz-Garbajosa et al.,2006). Based on the combination of allele numbers, a
sequence type (ST) is assigned to a strain. Analysis of whole genome sequences has
also been used to assess phylogenetic relationships among E. faecalis strains
(Bourgogne et al.,2008 ; Palmer et al.,2010).

The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-
associated (Cas) system is an acquired immune defense system with immune
memory in prokaryotic genomes, which can effectively resist the acquisition of
foreign mobile gene elements such as plasmids or phages to maintain the stability of
bacterial genomes ( Xu and Li , 2020; Haider et al.,2022). CRISPR-Cas system is
one of the factors limiting the development and evolution of bacterial antibiotic
resistance ( Gholizadeh et al.,2020). CRISPR-Cas is considered as a natural barrier
to horizontal gene transfer and transmission of antibiotic resistance (Wheatley et
al.,2021). The CRISPR-Cas system consists of a CRISPR array and the Cas gene
family, in which the CRISPR array is composed of highly conserved repeat
sequences and spacer sequences, with upstream leader sequences responsible for

their transcription (Guo et al.,2022).
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CRISPR-Cas systems constitute a multi-step adaptive immune response that
defends prokaryotes against foreign invading genetic material. CRISPR-Cas systems
consist of 2 classes and six types (types I, I11, and IV belong to class 1 and types I,
V and VI belong to class 2) ( Shabbir et al.,2018;Kamruzzaman & Iredell .,2020).

Aim of study: -

This study aimed to detection of CRISPR-cas system and Multilocus

sequence typing of Enterococcus faecalis isolated from different clinical samples

Objectives
1. Isolation and detection of E. faecalis from different clinical samples (urine,
vagina swab, blood, wound swab)
2. Molecular diagnosis of E. faecalis by using specific primer
3. Study antibiotic susceptibility test on bacteria
4. Study of genotyping in E. faecalis isolated from different clinical samples
by using MLST and RAPD-PCR

5. Detection of CRISPR-cas system of E. faecalis by PCR technique
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1.2 Literature Review

1.2.1 characteristics of Enterococcus faecalis:

Enterococcus faecalis — formerly classified as part of the group D
Streptococcus system — is a Gram-positive, commensal bacterium inhabiting the
gastrointestinal tracts of humans (de Almeida et al.,2018). Like other species in the
genus Enterococcus, E. faecalis is found in healthy humans and can be used as a
probiotic ( Panthee et al .,2021).

Enterococcus is a commensal bacterium of the gastrointestinal tract, but it
can also become an opportunistic pathogen. It may colonize the female genital tract
and vaginal colonization increases following antibiotic treatment or in patients with
aerobic vaginitis. E. faecalis is associated with a wide spectrum of infections,
particularly in immunocompromised states and when there is change in the host
microbiota. There is increasing evidence which links enterococci with bacterial
vaginosis and aerobic vaginitis (Alhajjar et al.,2020).

Enterococcus faecalis is an opportunistic pathogen that can cause urinary
tract infections (UTI), catheter associated urinary tract infections (CAUTI), wound
infection, tissue infection, sepsis, meningitis, life-threatening bacteraemia and
endocarditis (Vu and Carvalho 2011; Gawryszewska et al. 2016; Ch'ng et al. 2019).
Infections by this opportunistic pathogen can be difficult to treat due to their
propensity to form biofilms, as well as their frequent and multiple antibiotic
resistances (Miller et al. 2016).

The enterococcal species most frequently isolated from human clinical
specimens is Enterococcus faecalis followed by Enterococcus faecium (Weng et al.,
2013). Up to 90% of nosocomial enterococcal infections of humans are due to E.
faecalis (Kuch et al., 2012).
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Enterococci were formerly classified as group D streptococci
(Lancefield,1933) but were given genus status in 1984 (Schleifer & Kilpper-Balz
,1984) based on nucleic acid hybridization studies that showed a more distant
relationship to the streptococci. The genus Enterococcus contains over 50 species,
and appears to have branched from its last common ancestor approximately 425
million years ago (Lebreton et al.,2017). Members of this genus are endowed with
intrinsic properties that confer the ability to survive host defenses and compete in
the intestinal tract, and then persist and spread in the natural environment or hospital,
leading to colonization of new hosts. Among these traits are the ability to grow over
wide-temperature and pH ranges, survive desiccation, and grow in the presence of
6.5% NaCl and 40% bile salts (Lebreton et al.,2014).

Enterococcus species are non-spore-forming facultative anaerobes tolerant to
a wide range of environmental conditions (Bondi et al.,2020). Enterococcus faecalis
Is an aerotolerant, Gram-positive bacteria that is distributed widely in the natural
environment, and in the gastrointestinal tracts of humans, animals, and insects.The
most important features of E. faecalis are their high adaptability under harsh
environmental conditions and their potential development of antibiotic resistance
(Arias et al.,2012; Miller et al.,2014).

Samples were culture on different media such as MacConkey agar the colony
appear as small size, smooth and circular shape with a pink color due to its ability to
ferment lactose. While on selective media (bile esculin agar) gave round shape
colony with slightly convex smooth edges, white or creamy color and convert media
color into black (Al-Halaby et al., 2017).

Enterococcus can express alpha, gamma, or beta hemolysis on blood agar.
Haemolysin producing strains of enterococci have been shown to be virulent in a

human infections, and to be associated with increased severity of infection.
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Trypticase soy agar or Columbia agar with 5% (v/v) defibrinated sheep blood may
be used to assess the haemolysis produced by enterococci. If human or horse blood
Is used, haemolysis is based on cytolysin activity and may cause haemolytic reaction,
The E. faecalis colonies on chromogenic agar were small (0.5 mm in diameter),
convex, circular, entire margin, turquoise in shade and having a slightly deeper
peripheral thin rim in some colonies, colonies appear blue —green color (Atlas and
Snyder, 2015). On prolonged incubation, the grew larger; at the end of 48 hr and 72
hr the colony diameters were 1.5-2 mm which reached around 2.5 by 96 hours
(Dunny et al.,2014).

E. faecalis is a nonmotile microbe; it ferments glucose without gas production,
and does not produce a catalase reaction with hydrogen peroxide. It produces a
reduction of litmus milk, but does not liquefy gelatin. It shows consistent growth
throughout nutrient broth which is consistent with being a facultative anaerobe. It
catabolizes a variety of energy sources, including glycerol, lactate, malate, citrate,
arginine, agmatine, and many keto acids. Enterococci survive very harsh
environments, including extremely alkaline pH (9.6) and salt concentrations. They
resist bile salts, detergents, heavy metals, ethanol, azide, and desiccation. They can
grow in the range of 10 to 45 °C and survive at temperatures of 60 °C for 30 min.
(Stuart et al.,2006)

However E. faecalis contains a tyrosine decarboxylase enzyme capable of
decarboxylating L-dopa, acrucial drug in the treatment of Parkinson's disease. The
primary medication used to treat Parkinson’s disease is levodopa (L-dopa). To be
effective, L-dopa must enter the brain and be converted to the neurotransmitter
dopamine by the human enzyme aromatic amino acid decarboxylase (AADC). If L-

dopa is decarboxylated in the gutmicrobiome, it cannot pass through the blood-brain
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barrier and be decarboxylated in the brain to become dopamine ( Maini Rekdal et
al.,2019).

Enterococci have a high capacity to acquire and transfer genetic elements that
confer resistance to antimicrobial agents (Hegstad et al., 2010). As in human
medicine, the use of antimicrobial drugs in veterinary medicine creates a selective
pressure for the emergence of multidrug-resistant bacterial strains (Kuch et al., 2012;
Ste pien” -Pys’niak et al., 2016; Nowakiewicz et al., 2017). An important factor in
the spread of multi-resistant bacteria is microbial contamination of the environment

by manure from intensive livestock production (Radhouani et al., 2014).

1.2.2 Pathogenesis of Enterococcus faecalis:

The pathogenicity of Enterococcus faecalis requires the general
colonization of mucosal surfaces with these organisms (Peters et al., 2012).
Enterococcus employs a variety of microbial mechanisms for the colonization. In
addition, many factors are influence colonization of one species over another in the
intestinal tract. However, it is known that pathogenicity of this bacterium involves a
number of steps (Stecher et al., 2011):

a. Adherence factors.
b. Evasion of host immune system defenses.
c. Secretion of cytolysins and other toxins that breach cellular membranes.

The most notable enterococcal human pathogens are Enterococcus faecalis and
Enterococcus faecium. When pathogenic enterococci gain access to niches in the
human body beyond their commensal habitat of the Gl tract, such as the urinary tract,
skin (via wounds/burns), bloodstream and the heart, they have a high potential to
cause persistent infections and subsequent serious disease (Fiore et al., 2019). These

types of infections are more common in people with underlying risk factors that
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include immunosuppression, renal/liver disease, diabetes mellitus or abdominal and
oral surgery (Billington et al., 2014, Kajihara et al., 2015).

E. faecalis possesses the ability to survive for up to 72 hours in peritoneal
macrophages. Intestinal E. faecalis overgrowth by antibiotic treatment, and observed
organisms adhering to epithelial surfaces of the ileum, cecum, and colon. They also
showed that enterococci possess the ability to translocate from the intestinal lumen
into the mesenteric lymph nodes, liver, and spleen (Barnes et al., 2017).

the pathogenesis of Enterococcal infections follows a common sequence of
events and different virulence factors of E. faecalis can play a role in each of these
steps. First, Enterococci possessing various virulence traits asymptomatically
colonize the gastrointestinal tract. Factors that enhance the virulence of Enterococci
through this way are found more frequently among isolates from hospitalized
patients compared to isolates from the community. Finally, Enterococci can cause
symptomatic disease at the level of tissue destruction or toxicity (Okwen et al.,
2016).

A basic prediction from such a model is that the probability of infection should
be a function of the intestinal burden of bacteria in the gut reservoir — the more
bacteria, the greater the probability of contamination of a potential infection site in
numbers large enough to overcome host defenses. Indeed, colonization of the Gl
tract has been shown to be directly associated with risk of infection (Taur et
al.,2012). Infection occurs when enterococci overwhelm host defenses, replicate at
rates that exceed clearance, and when pathologic changes result through direct toxin
activity, or indirectly by bystander damage from the inflammatory response (Garsin
et al.,2014).

For enterococci to cause disease several barriers must first be overcome. An

initial barrier is the ability to overcome colonization resistance provided by
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competing microbes, and host defenses such as gastric acid and bile, and colonize
the intestinal tract. From this reservoir the bacteria can amplify in number and spread
to sites vulnerable to infection (Fiore et al., 2019).

The first step in the pathogenesis of enterococcal infection appears to be
persistence on inanimate surfaces, followed by colonization of the GI tract and
amplification of resistant enterococcal numbers. Initial colonization of the Gl tract
appears to result from the acquisition of small numbers of organisms from inanimate
surfaces within the hospital, including thermometer handles, bed rails, health care
providers, and other sources (Ramsey et al., 2014).

Colonization of the patient’s GI tract as a staging ground for disseminated
infection, can be divided into four groups: 1) Factors that overcome secreted, non-
specific defenses, such as bile, 2) Factors that promote colonization in the presence
of overt selection, such as antibiotic resistance determinants, 3) Factors that enhance
or alter the ability of enterococci to attach to surfaces within the Gl tract, such as
adhesins, and 4) Factors that enable invading enterococci to displace resident
enterococci or other species contributing to colonization resistance, including
bacteriocins and other secreted antimicrobial products (Garsin et al., 2014).

The immune response to the bacteria can cause septic shock and sepsis which
has a relatively high mortality rate. Bacteria can enter the bloodstream as a severe
complication of infections (like pneumonia or meningitis), during surgery
(especially when involving mucous membranes such as the gastrointestinal tract), or
due to catheters and other foreign bodies entering the arteries or veins (including
intravenous drug abuse) (Chen and Zervos ,2009).

The final step in the pathogenesis of enterococcal infection is the damage that
results to vital tissues as the result of the presence of enterococci. Factors that would

enhance the steps of the pathogenesis of enterococcal infection include those that
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Induce overt tissue damage, or factors that enhance bystander damage resulting from
inflammation (Da Costa et al., 2013).

It is important to note that the presence of virulent strains among E. faecalis
alone is not predictive of infection as there may be other mediators of pathogenicity
that have to be elucidated (Stecher et al., 2011). The pathogenicity is also related to
the ability of virulent strains to grow in high densities in the intestinal tract and
spread to other sites in the body. Host factors, such as predisposing medical
conditions, immune status, and exposure to antibiotics, are also thought to play a

role in the ability of enterococci to establish infection (John et al., 2015).

1.2.3 Clinical factures of E. faecalis:

Enterococcus faecalis (E. faecalis) is a species of bacteria that lives
harmlessly in the digestive tract, although it can be found in the oral cavity or vaginal
tract. It can be resistant to antibiotics. When people are immunocompromised or
have an underlying disease, E. faecalis can become pathogenic. For this reason, E.
faecalis is considered an opportunistic pathogen—one that takes advantage of the
body when immune defenses are low. E. faecalis can enter the body during surgery,
insufficiently cleaned medical devices and equipment, improper hand hygiene, or
ingesting contaminated foods and fluids. Of the many species of Enterococcus, E.
faecalis and Enterococcus faecium are pathogenic, with E. faecalis being the most
prevalent in infections. (Anderson et al.,2015)

Common E. faecalis infections include urinary tract infections (UTIs), wound
infections, intra-abdominal and pelvic infections, bacteremia (infection in the
blood), and endocarditis (inflammation of the heart). If these infections become
systemic (widespread), they can cause serious to life-threatening symptoms.
Approximately 85% to 90% of Enterococci infections are caused by E. faecalis, and

are typically nosocomial (hospital-acquired) (Jabbari shiadeh et al.,2019).
11
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1.2.3.1 Urinary Tract Infections (UTIs)

UTIs are urinary system infections of the urethra, ureters, kidneys, or
bladder. They can be caused by various species of bacteria, including E. faecalis.
UTIs caused by Enterococcus species account for greater than 30% of all cases in
hospitalized patients (Lin et al.,2012).

Risk factors for bladder infections include previous UTI, sexual activity,
older age, bladder emptying issues, an obstruction in the urinary tract (urinary stone
or enlarged prostate), or use of a urinary catheter. (National Institute of Diabetes and
Digestive and Kidney Disease) In a nosocomial population surveyed between 2011
and 2014, enterococci were the most commonly isolated gram-positive bacteria from
catheter-associated urinary tract infections (CAUTI), with over 20,000 cases
reported to the CDC National Healthcare Safety Network between 2011 and 2014
(weiner et al.,2016). Of these cases, just over 50% were caused by E. faecalis,
followed by “other Enterococcus species” (~30%) and E. faecium (~20%). Most
worrisome was the fact that ~85% of E. faecium isolates were vancomycin-resistant,
with the fraction of resistant isolates increasing each year (weiner et al.,2016).

enterococci consistently rank within the top three uropathogens in regards to
infection incidence, with most enterococcal UTIs being associated with E. faecalis
(Fisher et al.,2009).

First observed as pathogens 100 years ago, Enterococcus sp. have since
established themselves as a major threat to human health (van Harten et al.,2017).
In addition to their pathogenic potential, enterococci are commensals of the
gastrointestinal tract, with E. faecalis being the most ubiquitous among species of
animals, birds, insects, mammals, and reptiles. In humans, 98% of people are
colonized by enterococci (de Lastours et al.,2017). Commensal E. faecalis are also

considered to offer a health benefit to the host; E. faecalis has been used as a
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commercial probiotic for over 50 years, and commensal E. faecalis produce a
pheromone capable of killing multi-drug and vancomycin-resistant E. faecalis in
addition to inhibiting both Gram-positive and negative pathogens (Phumisantiphong
et al.,2017).

Enterococcal pathogenesis in the bladder is severely understudied relative to
other uropathogens. Most studies of UTI use E. coli as a model pathogen, which is
understandable given it’s standing as the most prevalent uropathogen. Using E. coli
as a guide, enterococcal adherence to and biofilm formation on urothelial cells has
been well documented using mouse models of UTI and is thought to be primarily
mediated through the Ebp pili (Endocarditis and biofilm-associated pili), as well as
the adhesins, Ace (Adhesion to collagen from E. faecalis) and Esp (enterococcal
surface protein) (Flores-Mireles et al.,2015). Invasion of the bladder epithelium by
E. faecalis was only recently reported via ex vivo imaging of shed human urothelial
cells (Horsley et al.,2013). This invasive capability was then confirmed in vitro
using a human bladder epithelial cell line. Unlike E. coli, the most common cause of
UTI, E. faecalis, generally, does not induce severe symptoms of UTI. On the
contrary, many E. faecalis UTIs present as low-grade discomfort and urine counts
below the classic standard threshold for UTI of 105 CFU/mL. However, it should be
noted that groups have suggested this standard is too high for E. faecalis and that
true enterococcal UTI may be caused by a lower bacterial count (Colodner et
al.,2006). An alternative explanation is that most enterococci do not produce potent
pro-inflammatory toxins and this is supported by research demonstrating minimal
induction of bladder inflammation by E. faecalis in a murine cystitis model (Kau et
al.,2005).

13



Chapter One Introduction and Literatures Review

Further, Enterococcus is prevalent in polymicrobial UTI (Seno et al.,2005),
given that most polymicrobial isolates are dismissed as contamination, enterococcal
UTI may be under-diagnosed.

Bitsori et al.(2005) found in children receiving antibiotic therapy for UTI;
recurrence rates were higher for those with enterococcal UTIs compared to those
with Gram-negative UTIs.

Enterococcus faecalis can not only adhere to epithelial cells in the urinary tract,
but also invade cells, leading to formation of intracellular bacterial communities in
the bladder. The combination of multiple virulence mechanisms, the ability to
survive in harsh conditions, and both intrinsic and acquired resistance to many
antibiotics explains the high frequency of infection by Enterococcus faecalis
(Horsley et al.,2013).

Enterococci species are part of the healthy human gut microbiota (Kao et
al.,2019) and sometimes can also colonize in the urinary tract, causing different
clinical settings from asymptomatic bacteriuria (AB) to UTIs. Bacteriuria caused by
enterococci has a deleterious effect on the urinary tract, which promotes innate
immune suppression and increases the risk of infection by other uropathogens (Tien
et al.,2017), suggesting that the treatment of AB can be successful in terms of the
prevention of the recurrence of urinary tract infection. Nevertheless, paradoxically,
it has been shown that antibiotic treatment of AB caused by Enterococcus, in patients
with recurrent infection, increases the risk for recurrent urinary infection by other
uropathogens (Cai et al.,2012). Regarding UTIs, Enterococcus spp. is the cause of
cystitis, prostatitis and epididymitis (Gilmore et al.,2014). Experimental studies in
mice have shown that enterococci can also affect the higher urinary tract, thus
causing pyelonephritis (Pinholt et al.,2014), which is one of the most frequent

pathogens involved in complicated UTIs. Enterococci was the cause in 7-25% of
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patients with severe urinary sepsis and UTIs (Wang et al.,2016).Despite
pyelonephritis caused by Enterococcus spp. is not usually associated with
bacteremia (Artero et al.,2019).

1.2.3.2 Bacteremia

Bacteremia occurs when bacteria get into the blood, often from a wound site
or untreated UTI (Higuita et al.,2014). If left untreated, bacteremia can lead to life
threatening conditions, such as endocarditis, sepsis (a systemic reaction to a blood
infection), and septic shock (low blood pressure in severe sepsis that can cause organ
failure). Common symptoms of bacteremia include: Fever and chills , Nausea or
vomiting ,Rapid heart rate ,Lightheadedness or confusion ,Skin rashes, Enterococcal
bloodstream infections (BSI) are associated with a high level of mortality. In survey
study of Canadian hospitals (Billington et al.,2014), the incidence of enterococcal
BSI of hospitalized patients was 6.9 per 100,000, with most cases due to E. faecalis
(4.5 per 100,000). Incidence of enteroccocal BSI increased between 2008-2014 (9—
14 per 100,000) in Switzerland (Buetti et al.,2017), suggesting that enterococcal BSI
are on the rise. Overall mortality from nosocomial enterococcal BSI is quite high,
ranging from 25-50% (Pinholt et al.,2014).

Most cases of enterococcal BSI are thought to result from translocation of
enterococci from the gut into the bloodstream. Other routes of infection include
along intravenous lines, endocarditis, urinary tract infections and other abscesses
(Arias & Murray, 2012). The risk factors for mortality associated with enterococcal
bacteremia include severity of illness (based on APACHE Il scores), patient age,
and use of third-generation cephalosporins or metronidazole (Stroud et al.,1996).
Huycke et al., (1991) found that patients infected with hemolytic, gentamicin-
resistant E. faecalis strains had a five-fold increased risk for death within three weeks

compared to patients with nonhemolytic, gentamicin-susceptible strains. Moreover,
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mode of treatment was not associated with outcome, discounting the direct
contribution of aminoglycoside resistance. Mortality associated with high-level
gentamicin resistance (29%) was not significantly different from gentamicin-
susceptible strains (28%). Taken together, these two studies suggest that high-level
aminoglycoside resistance itself does not explain clinical outcome, and that the
presence of other factors, such as the E. faecalis cytolysin (hemolysin) appear to

contribute enhanced lethality (Caballero-Granado et al.,1998).
1.2.3.3 Wound Infections

Wound infections occur when cuts, scrapes, animal bites, sutured wounds, and
puncture wounds get infected, which typically happens 24 to 72 hours after the event.
Signs of wound infections include: Pus , red area or streak that’s spreading, Increased
pain and swelling , fever ,& swollen lymph node.

Wound infections caused by E. faecalis are harder to treat than those caused
by other types of bacteria. The following factors are associated with higher chances
of death, especially in developing countries: A longer hospital stay , A repeated
surgical procedure ,Prior antibiotic therapy, An Intensive Care Units (ICU) stay
(Dan Brennan.,2021).

Wound infections affect between 7% and 15% of hospitalized people globally
(World Health Organization, 2016). Enterococcus faecalis is one of the most
frequently isolated bacterial species across all types of wounds, including diabetic
foot ulcers, burns, and surgical sites (Dowd et al.,2008). In surgical site infections,
E faecalis is the third most commonly isolated organism (Gjegdsbgl et al.,2006). E
faecalis infections are increasingly difficult to treat due to their intrinsic and acquired
resistance to a range of antibiotics (Hollenbeck ,2012). Despite the high frequency
of E faecalis in wound infections, little is known about its pathogenic strategies in

this niche.
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Enterococci are one of the most frequently isolated bacterial genera from
wound infections (Dowd et al., 2008 ; Heitkamp et al., 2018); however, their
pathogenic mechanisms enabling persistence in this niche are not well understood.
Chong et al., (2017) have previously shown in a mouse excisional wound infection
model that E. faecalis undergo acute replication and long term persistence, leading
to delayed wound healing, despite a robust innate inflammatory response at the
wound site. These data suggest that E. faecalis possess mechanisms to evade the
innate immune response, and indeed, we have also shown that extracellular E.
faecalis can actively suppress NF-kB activation in macrophages (Tien et al., 2017).
In addition, E. faecalis can persist within a variety of eukaryotic cells including
macrophages (Zou and Shankar,2014; Zou and Shankar,2016), osteoblasts
(Campoccia et al., 2016; Tong et al., 2016), monocytes (Baldassarri et al., 2005),
endothelial cells (Millan et al., 2013), and epithelial cells (Bertuccini et al., 2002;
Horsley et al., 2018). However, the mechanisms mediating intracellular persistence
have not been reported.

However E. faecalis persist within epithelial cells and intracellularity
contributes to pathogenesis. Using a mouse model of wound infection, we found
viable E. faecalis within both immune and non-immune cells at the wound site up to
5 days after infection. Using an in vitro model of keratinocyte infection, we show
that E. faecalis is taken up into these cells via macropinocytosis, whereupon they
traffic through the endocytic pathway to late endosomes, and ultimately undergo
intracellular replication. Interestingly, E. faecalis infection results in a marked
reduction of Rab7 expression, a small GTPase required for late endosome-lysosome
fusion, providing a potential mechanism for intracellular survival. Finally, we show
that E. faecalis derived from the intracellular niche are primed to more efficiently

reinfect new keratinocytes. Together, our data are consistent with a model in which
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a subpopulation of E. faecalis are taken up into epithelial cells during wound
infection, providing immune protection and a replicative niche, which may serve as
a nidus for chronically infected wounds (Wei Hong et al.,2021).

1.2.3.4 Vagina infection :

Aerobic vaginitis (AV) is a lack of balance of the vaginal flora and was first
described in 2002 by Donders et al., (2002) and is characterized by abnormal vaginal
flora containing aerobic and intestinal pathogens, varying degrees of vaginal
inflammation and immature epithelial cells (Donders et al.,2017). The causes of AV
that are responsible for inflammatory changes are: E. faecalis, Escherichia coli,
group B streptococcus and Staphylococcus aureus (De Seta et al.,2019; Tao et
al.,2019; Wang et al.,2020). The most common isolated pathogen of AV is E.
faecalis in 32% (Sangeetha et al.,2017). The pathogenic effect of aerobic
microorganisms such as E. faecalis has been shown to cause spontaneous abortion,
premature birth, puerperal sepsis, abscesses, and urinary tract infections (Bolocan et
al.,2019).

Immunoglobulin A (IgA) is significantly reduced in the vaginal mucosa during
colonization by various bacteria (Abitzsch et al.,2001; Hassan et al.,2020). It is
likely that E. faecalis in these places is exposed to other factors by the organism such
as age, immune status, hormonal status, influence of various antibiotics, etc. ( Jett et
al.,1994). The basic mechanisms of pathogenicity of this microorganism are
enabled: ability to colonize mucous membranes second, to produce pathological
changes in the host by its toxic activity by inducing an inflammatory process and to
avoid the host’s immune defense mechanisms (Weinstock et al.,2007).

Colonization of the vaginal mucosa with E. faecalis is also enabled by the
reduced number or disappearance of lactobacilli, natural colonizers of the vaginal

mucosa (Fisher et al.,2009). These microorganisms can prevent the colonization of
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the vaginal mucosa with E. faecalis and other microorganisms in various ways. The
use of broad spectrum antibiotics or spermicidal ointments leads to a reduction in
the number or destruction of lactobacilli and thus allows the growth of the vaginal
mucosa with E. faecalis and/or other bacteria (Arias et al.,2010).

Propagation of E. faecalis from the vaginal mucosa to the uterus, fallopian tubes
and ovaries can lead to inflammation of these organs. This microorganism can cause
pelvic abscesses and bacteraemia as complications after caesarean section,
endometritis or salpingitis (Fan et al.,2013). Also, E. faecalis can propagate to the
urethra and ascendantly lead to inflammation of the urethra, bladder, and renal pelvis
(Lamichhane et al.,2013; Hassan et al.,2020). In a study of AV in 2021, ( Shazadi et
al.,2021) stated that E. faecalis is the cause of histological changes in cells in the
form of cell damage, increased cell thickness and peeling. Jahic et al.,(2007) states
that under the influence of E. faecalis there is an increase in the pH of the vaginal

environment above 4 with a decrease in the number of lactobacilli.

1.2.4 Antibiotics Profile in Enterococcus faecalis:

An antibiotic is a type of antimicrobial substance active against bacteria and
Is the most important kind of antibacterial agent for fighting bacterial infections.
Antibiotic medications are widely used in the treatment and prevention of such
infections. They may either Kill or inhibit the growth of bacteria (Combarros- Fuertes
et al, 2020).

Most antibiotics fall into their individual antibiotic classes. An antibiotic class
Is a grouping of different drugs that have similar chemical and pharmacologic
properties. Their chemical structures may look comparable, and antibiotics within
the same class may kill the same or related bacteria (Meade et al., 2020).

The selective pressure linked to widespread use of antimicrobials drives an

accumulation process of resistance genes in these bacteria and the selection of
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multidrug-resistant strains. As consequence, antimicrobial therapy of Enterococcus
infection in humans need to be constantly modulated and changed. One of the main
raised problems was the resistance to vancomyecin, considered as last line therapy
(Miller et al.,2020). Enterococcus faecalis is known to produce biofilms which
makes it resistant to the different antimicrobial agents (Kumar et al.,2019).

E. faecalis where ampicillin and vancomycin resistance are less frequently
reported. Antibiotics such as linezolid, daptomycin, tigecycline and quinupristin-
dalfopristin are commonly used to treat MDR enterococcal infections, however
resistance to these drugs has also been observed (Kristich et al., 2014, Mercuro et
al., 2018). E. faecalis strains were resistant to linezolid (Malisova et al., 2021).

The emergence of vancomycin resistance enterococci (VRE) has alarmed the
global infectious diseases community due to few option left for disease management.
Besides drug resistant enterococci colonizing the gastro- intestinal tract of
hospitalized patients are the major source of infection as well as nosocomial spread
(Haghi et al., 2019).

VRE are of very worried in that vancomycin is a powerful antibiotic used to
treat gram positive bacterial infections, both intrinsic and acquired forms of
resistance do occur in enterococci. VRE have become an important cause of serious
invasive infections globally to such an extent that clinical microbiology laboratories
are encouraged to speciate enterococcal isolates from hospitals and screen them for
vancomyecin resistance (Nellore et al., 2019).

The risk of VRE colonization and infections is associated with previous
antibiotic exposure disrupting normal gut microbiomes, especially vancomycin and
cephalosporins use. In addition, prolonged hospitalization, ICU stays, residence in
long term care (LTC) facilities, hemodialysis patients, diabetes, cancer, and

transplant patients, stomach acid suppression, use of invasive devices, and exposure
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to contaminated surfaces including shared medical equipment can also predispose
individuals to get enterococci/VRE infections (Ostrowsky et al 2001 ; Zheng et
al.,2017;Chanderraj et al.,2019).

Ciprofloxacin(CIP) is a large spectrum fluoroguinolone antibiotic that is
widely used for the treatment of numerous G+Ve bacterial infections in joints, bones,
skin, tooth, gastrointestinal, and urinary and respiratory tracts (Herizchi et al.,2016).

It is very important to know that Aerobic vaginitis (AV) cannot be treated
with metronidazole as bacterial vaginosis is treated, because it will not cure but will
lead to increased infection, due to the natural resistance of E. faecalis to this drug (
Han et al.,2015). If it is a pregnancy, it is better to opt for clindamycin.
Fluoroquinolones such as ciprofloxacin can be used in the treatment of AV because
they have little effect on the normal vaginal flora leading to rapid recovery from AV
(Han et al.,2015; Oerlemans et al.,2020).

Aminoglycoside antibiotics (eg: kanamycin) play a crucial role in providing
high-fidelity translation of genetic material rendering the ribosome unavailable for
translation and thereby resulting in cell death (Hobson et al., 2021).

Beta-lactam antibiotics, such as penicillin, amoxicillin and Imipenime are
uniformly effective against most strains of Enterococcus, these antibiotics have
activity against this bacteria, and they are commonly used together with beta-
lactamase inhibitors (Cho et al., 2014). Beta-lactam antibiotics are one of the most
commonly prescribed drug classes with numerous clinical indications, and was
effected on Enterococcus spp. (Prescott, 2013).

Enterococcus is developing resistance against the most commonly used anti-
enterococcal antibiotics like ampicillin and high-level aminoglycosides, besides

being inherently resistant to many others like cephalosporins and clindamycin. This
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makes the treatment of these infections a real challenge for clinicians (Gupta et
al.,2015).

Enterococci are intrinsically resistant to clindamycin, aminoglycosides
(Garcia-Solache & Rice 2019). They also gain antibiotic resistance through their
ability to acquire and transfer resistance-related mobile genetic elements (MGE) via
various mechanisms like plasmids, conjugation, and transposons ( Fiore et al.,2019).

Improved usage of antimicrobials that are effective for the treatment of
Enterobacteriaceae or anaerobes infections and to which Enterococci has natural
tolerance or just poor sensitivity such as Cephalosporins, Clindamycin or
Quinolones can lead to selection and improved occurrence of Enterocococci or this
genus can lead to superinfection (Sartelli et al., 2016).

According to one study combined drug therapy has shown some efficacy in
cases of severe infections against susceptible strains of E. faecalis . Ampicillin and
vancomycin-sensitive E. faecalis (lacking high-level resistance to aminoglycosides)
strains can be treated by gentamicin and ampicillin antibiotics. A less nephrotoxic
combination of ampicillin and ceftriaxone may be used alternatively for ampicillin-
susceptible E. faecalis ( Pamer & Eric, 2018).

The incidence of UTIs due to Enterococcus faecalis has risen steadily over
the years, and infections due to multiple-drug-resistant strains present a significant
medical problem and are a common cause of chronic or recurrent UTIs, especially
those associated with structural abnormalities and instrumentation (Shankar et
al.,2001).

Due to the rapid adaptation of bacteria, antimicrobial treatment for the
management of urinary tract infections is becoming increasingly difficult, causing
the antimicrobial profile of bacterial uropathogens to change over the years, despite

having better antimicrobial agents. Resistance to these has increased significantly

22



Chapter One Introduction and Literatures Review

due to their incorrect use, limiting therapeutic options (Almeida et al.,2020).
Currently several bacterial strains are resistant to practically all known antibiotics.
Such as carbapenems, macrolides, and penicillins ( Almeida et al.,2020).
Levofloxacin and ciprofloxacin are antimicrobial agents and are expected to develop
a widened use for its underlying effect in neuroinflammation modulating (Zusso et
al., 2019), hematopoietic stem cell transplantation (Rambaran and Seifert, 2019).

Levofloxacin and ciprofloxacin are both recommended for clinical application
in UTIs. Levofloxacin shows advantage over ciprofloxacin in terms of efficacy,
disease reoccurrence and adverse event (Zhang et al., 2012). On the contrary,
microbiology evidence shows that the uropathogen is more sensitive to ciprofloxacin
(Afriyie et al., 2018; Humphries et al., 2019). Ciprofloxacin and levofloxacin have
marginal activity against enterococci, and their use is restricted to the treatment of
urinary tract infections due to susceptible strains. High-level resistant strains have
been shown to contain mutations in both gyrA and parC (el Amin et al.,1999). Some
strains have mutations in only parC, suggesting that this topoisomerase may be the
primary target of fluoroquinolones in enterococci. There has been suggestion in
some studies that efflux pumps are also involved in enterococcal fluoroquinolone
resistance, but specific efflux pumps have not been identified (Oyamada et al.,2006).
Erythromycin and Levofloxacin were more resistance in Enterococcus isolated
(Ibtisam et al.,2020).

Nitrofurantoin is an antibiotic medication that is used for the treatment of
uncomplicated lower urinary tract infections. It is effective against most gram-
positive and gram-negative organisms. The Food & Drug Administration (FDA)
approved nitrofurantoin in 1953 to treat lower urinary tract infections. Nitrofurantoin
Is a synthetic antimicrobial created from furan and an added nitro group and a side

change containing hydantoin (Calderaro et al.,2021). Nitrofurantoin’s primary use
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has remained in treating and prophylaxis of urinary tract infections. Nitrofurantoin
Is advantageous as it concentrates in the lower urinary tract while maintaining a low
serum concentration and does not significantly affect bowel flora. Nitrofurantoin is
bactericidal against most common urinary tract pathogens, including Escherichia
coli, Enterococci, Klebsiella (Gardiner et al.,2019).

Rifampicin is rapidly bactericidal against many Gram-positive bacteria and
displays good tissue penetration, but the rapid development of resistance precludes
its use as monotherapy (O’Driscoll et al.,2015), leading to this old agent often being
considered specifically for use in combination therapy (Holmberg et al.,2012).

Rifampicin can be synergistic against enterococci, but this is not a consistent
finding among enterococci. Although traditionally used in the investigation of
antibacterial combinations for synergistic activity (Kirsty et al.,2017).

Erythromycin and tetracycline are therapeutic agents used for treatment of
enterococcal infections. Undoubtedly, the appearance of resistant strains is the result
of the extensive use of these antibiotics (Tian et al.,2019). Methylation of 23S rRNA
encoded by erm genes which reduces macrolide ability for ribosome binding is one
of the most often associated erythromycin resistance mechanisms. Also, export of
antibiotics mediated by genes encoding efflux pumps (mef and msr) is of the other
mechanisms involved in macrolide resistance (Choi et al.,2018).

The high prevalence of high-level resistance to both erythromycin and
tetracycline was documented. The distribution pattern of erm (A-C) genes was
unexpectedly different between enterococci and staphylococci from the same
geographic region. Concurrent resistance mechanisms were more involved in
resistance to erythromycin versus tetracycline (Nikta et al.,2021).

Teicoplanin is widely used in Europe and the Asia because teicoplanin

possesses more potent in vitro activity against enterococci than vancomycin, along
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with a longer half-life, which enables a once-daily dose (Svetitsky et al.,2009). A
retrospective study has demonstrated the advantage of teicoplanin in terms of
effectiveness in treating enterococcal infective endocarditis (Escola-Vergé et
al.,2019).Teicoplanin is noninferior to vancomycin in clinical treatment success and
to determine if teicoplanin is less nephrotoxic than vancomycin (Ryo Yamaguchi et
al.,2023).

Imipenem is a carbapenem antibiotic normally administered with cilastatin to
treat a variety of infections. Imipenem is a semisynthetic thienamycin that has a wide
spectrum of antibacterial activity against gram-negative and gram-positive aerobic
and anaerobic bacteria, including many multiresistant strains. It is stable to many
beta-lactamases (Brunton et al.,2018).

Imipenem is commonly used in combination with cilastatin and is now
available in a triple-drug product with cilastatin and relebactam which was approved
by the FDA. Imipenem was first approved by the FDA in November 1985 as the

combination product Primaxin marketed by Merck & Co. (Brunton et al.,2018).

1.2.5 Randomly Amplified Polymorphic DNA polymerase Chain
Reaction (RAPD-PCR)

Polymerase chain reaction (PCR) is a laboratory technique for rapidly
producing (amplifying) millions to billions of copies of a specific segment of DNA,
which can then be studied in greater detail. PCR involves using short synthetic DNA
fragments called primers to select a segment of the genome to be amplified, and then
multiple rounds of DNA synthesis to amplify that segment (Mike , 2023).

The polymerase chain reaction (PCR) is used to amplify specific regions on
a gene. PCR is used to amplify random regions along the genomic DNA of the

Enterococcus species .The PCR procedure can be done when at least one short DNA
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segments on each side of the region of known interest. The PCR reaction requires
synthetic oligonucleotides complementary to these known sequences to prime
enzymatic amplification of the Penicillin Binding Protein (PBP) segment DNA in a
test tube (Wilkie & Simon, 1991).

RAPD analysis is a technique to rapidly detects genomic polymorphisms.
Whilst many methods are available for molecular profiling microorganisms, RAPD-
PCR approaches are powerful, rapid, have low cost and are accessible. Furthermore
they can be applied in many research environments and with minimal equipment. As
such, RAPD-PCR methods have often been considered as ‘gold standards’ in
molecular typing and analysis by this method is widely accepted and regarded as a

reliable tool for differentiating and identifying enterococci (Al-Badah et al.,2015).

RAPD analysis involves an unknown target sequence. The primer used is
about ten base pairs in length and will bind randomly along the genome and will
amplify that particular sequence. The PCR product expected will be a high number
of bands. In a large genomic DNA is subjected to RAPD PCR primers like that of
Enterococcus isolates (Snustad & Simmons, 2000).

Randomly amplified polymorphic DNA is PCR reactions that amplify
segments of DNA at random. A normal PCR will amplify a known DNA sequence.
The primers designed in a normal PCR flanks the gene of interest and amplifies that
particular gene. A particular product will be expected, i.e., asingle band. The primers
used in RAPD PCR are designed to bind randomly to segments of DNA along the
Enterococcus genome (Kearns, et al., 2002).

RAPDs are PCR -based molecular markers that may substantially reduce time,
labour, and cost required for molecular mapping. RAPDs involve the use of a single

DNA primer to direct amplification under PCR based amplification of random

26



Chapter One Introduction and Literatures Review

sequences. RAPD PCR is very useful in different objectives. These are assessment
of genetic variation in populations and species, to study the phylogenetic
relationships among species and subspecies, to construct and understand genetic
linkage maps, gene tagging, and identification within species such as Enterococcus,
any fingerprinting application to characterize a particular species (Abhita,2007).

RAPD analyses are a technique for rapidly detecting genomic
polymorphisms (Williams et al.,1990). These techniques differ with regard to their
DNA amplification conditions, the length of the primers used and the resolution of
the products obtained. Arbitrary primers are usually not more than 7 — 10 bases in
length, with an arbitrary sequence not directed toward any known target sequence of
the bacterial genome. Therefore, the amplification of random segments of genomic
DNA is directed by a single oligonucleotide primer of arbitrary sequence (AP-
PCRthus generating a characteristic spectrum of short DNA products of various
complexities. Polymorphisms can be detected by variations in the length of the
obtained amplified sequences, commonly known as RAPD, which can be used to
compare bacterial strains (Domig et al.,2003).

Genomic fingerprints are increasingly used to study relationships at the intra-
or even the inter-specific level. Differences in these fingerprints between individuals
are interpreted as genetic distances (Scheidegger et al.,2009). However, the applied
methods should provide the appropriate level of discriminatory power and be
relatively efficient and cost effective. Several methods are available for DNA finger
printing, including restriction fragment length polymorphism (RFLP) and randomly
amplified polymorphic DNA (RAPD-PCR), which have been described as powerful
molecular typing methods for microorganisms and have become the .gold standard.
For molecular typing (Krawczyk et al.,2006 ; Nieto-Arribas et al.,2011; Nieto-
Arribas et al .,2013).
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There are many advantages to RAPD PCR technology. There are more
polymorphisms than restriction fragment length polymorphism, fast and simple, a
large number of bands produced per primer and differentially amplifies DNA
samples based on mutations. There are some disadvantages to RAPD PCR
technology. Detection of polymorphisms are still limited, reproducibility of results
IS inconsistent, poor profile resolutions of RAPDs on agarose gel resulting in very
few bands, only detects dominant markers (Abhita,2007).

1.2.6 Multilocus sequence typing (MLST) :

Multilocus sequence typing (MLST) is an unambiguous procedure for
characterising isolates of bacterial species using the sequences of internal fragments
of (usually) five house-keeping genes. Approximately 450-500 bp internal fragments
of each gene are used, as these can be accurately sequenced on both strands using an
automated DNA sequencer. For each house-keeping gene, the different sequences
present within a bacterial species are assigned as distinct alleles and, for each isolate,
the alleles at each of the seven loci define the allelic profile or sequence type (ST).
Each isolate of a species is therefore unambiguously characterised by a series of
seven integers which correspond to the alleles at the seven house-keeping loci
(Maiden et al., 2013).

In MLST the number of nucleotide differences between alleles is ignored and
sequences are given different allele numbers whether they differ at a single
nucleotide site or at many sites. The rationale is that a single genetic event resulting
in a new allele can occur by a point mutation (altering only a single nucleotide site),
or by a recombinational replacement (that will often change multiple sites)
weighting according to the number of nucleotide differences between alleles would
erroneously consider the allele to be more different than by treating the nucleotide

changes as a single genetic event. Most bacterial species have sufficient variation
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within house-keeping genes to provide many alleles per locus, allowing billions of
distinct allelic profiles to be distinguished using five house-keeping loci. For
example, an average of 30 alleles per locus allows about 20 billion genotypes to be
resolved. MLST is based on the well-established principles of multilocus enzyme
electrophoresis, but differs in that it assigns alleles at multiple house-keeping loci
directly by DNA sequencing, rather than indirectly via the electrophoretic mobility
of their gene products (Jolley et al., 2018).

the relationship among the E. faecalis isolates from different sources is becoming
more important. various genotyping methods were used to identify isolates or to
further track their sources, including pulsed field gel electrophoresis, multiple
variable number tandem repeat analysis, and multilocus sequence typing (MLST).
Among them, MLST is a popular one. Nallapareddy et al., (2002) first evaluated the
discriminatory power of MLST compared with pulsed field gel electrophoresis for
E. faecalis and showed that sequence-based typing had potential to differentiate the
isolates at the subspecies level and identify outbreak isolates. Subsequent studies
confirmed the potential of MLST as an excellent tool for isolate characterization and
long-term epidemiologic analysis in the related species E. faecium (Homan et al.,
2002), Although some studies have been done on the properties and epidemiological
characteristics of E. faecalis, few studies are available on the relationship between
properties of E. faecalis, particularly whether they are pathogens, probiotics, or
otherwise useful in the food industry, and their original source.

Multilocus sequence typing (MLST) is a commonly used method of assessing
subspecies phylogenetic relationships. In one E. faecalis MLST employing five
housekeeping gens: pepC (Aminopeptidase C), rpoB (RNA polymerase B subunit),
groEL (Chaperonin GroEL), recA (Recombinase protein A) and clpX (ATP-
dependent protease subunit) are amplified by PCR, sequenced, and compared to a
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global database such that an allele variant number can be assigned to each gene
(Ruiz-Garbajosa et al.,2006). Based on the combination of allele numbers, a
sequence type (ST) is assigned to a strain. Analysis of whole genome sequences has
also been used to assess phylogenetic relationships among E. faecalis strains
(Bourgogne et al.,2008; Palmer et al.,2010).

To validate epidemiological linkages and disclose possible transmission
events among humans, animals, food, and the environment, discriminatory high-
resolution typing is of the utmost importance. The high genetic plasticity of E.
faecalis is the result of wide exchanges of genetic material, which in turn complicate
molecular investigations (Paulsen et al.,2003). In contrast to the second most
Important Enterococcus species in hospital settings, Enterococcus faecium, for
which hospital-adapted lineages have already been identified, most E. faecalis
genotypes do not show extended host or context specificity (Leavis et al., 2006). For
instance, Buhnik-Rosenblau et al.(2013) demonstrated, on the basis of multilocus
sequence typing (MLST), that no specific genetic groups could be assigned to a
colonization- or infection-associated origin.

Classical MLST provides an international and expandable typing
nomenclature, but the method provides only a moderate typing resolution. the
Multilocus Sequence Typing (MLST) is an ordinary typing method that is based on
the characterizing bacterial species via sequencing of internal fragments of multiple
housekeeping genes (Kalia et al.,2001). In this process, each sequence of internal
fragments compares with the other alleles that they were already characterized.
Then, each sequence classified at one of those seven housekeeping genes category.
Ultimately, by the combination of obtained data, the allelic profile will be construct

and each distinct profile consider as absolute sequence type.
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MLST is a more appropriate typing technique for long-term epidemiology,
which is currently also widely used for subspecies differentiation. MLST, based on
the allelic variations in sequences of multiple loci, unambiguously types strains
(Maiden et al.,1998) and offers an advantage over other techniques used for typing,
such as PFGE, since the data are objective and easily stored, compared, and shared
via the Internet. Two different MLST schemes have been used successfully for
differentiation of E. faecalis strains (Nallapareddy et al.,2002; Ruiz-Garbajosa et
al.,2006). The first scheme, which assessed three antigenic genes and one house-
keeping gene, found that the allelic profile of two antigenic genes (ace and salA)
was sufficient to discriminate the 22 E. faecalis isolates included there in
(Nallapareddy et al.,2002). The second MLST scheme, based on the allelic profiles
of seven housekeeping genes, was used to type 110 isolates and provided insight into
the population structure as well as long-term epidemiological relationships of E.
faecalis strains (Ruiz-Garbajosa et al.,2006).

Two schemes exist for MLST typing of E. faecalis. Both have some alleles in
common, but differ in selecting (a) explicitly only housekeeping genes (Ruiz-
Garbajosa et al.,2006) or (b) mix housekeeping with virulence genes for allele
pattern analysis (Nallapareddy et al.,2005). The latter approach was suitable to
identify a clonal lineage highly prevalent in the US and characterized by beta-
lactamase production (still rare in E. faecalis) and presence of the pathogenicity
island. The scheme of Ruiz-Garbajosa et al. (2006) follows common rules for MLST
allele selection (housekeeping genes only) and has been implemented into the central
MLST database (http://efaecalis. mlst.net/; managed by: Rob Willems and Janetta
Top (UMC Utrecht, NL, hosted by the Imperial College London and funded by the
Wellcome Trust, UK) (Ruiz -Garbajosa et al., 2006; Sadowy et al.,2011; Kuch et
al.,2012; Poulsen et al.,2012; Werner et al.,2012).
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Over the past three decades, overlapping in specific sequence types (STs) and
high-risk clonal complexes (CCs) between healthy humans and nosocomial patients
suggested that inter-host-species transmission may play a role in the spread of
multidrug resistant E. faecalis (Anderson et al.,2015; Hammerum et al., 2012;, Kuch
et al.,2012). It is different to quantify the risk for E. faecalis of different host types
in relation to human health.

E. faecalis lack a distinct structure in clades. Some clades related to
outbreaks in hospitals were also found in the community. In some studies, specific
genetic lineages (CC) of hospital-adapted E. faecalis strains had emerged (Guzman
prieto et al.,2016; Ruiz-Garbajosa et al .,2006). E. faecalis is considered a generalist
bacterial species depicting no prominent host specialization (Pontinen et al.,2021).

Population structure of E. faecalis appears somehow different from that of E.
faecium. MLST analysis does not strictly differentiate hospital-associated lineages
from colonizing variants. Nevertheless, certain sequence types and clonal complexes
appear enriched in the nosocomial setting and which are often found to be multi-
resistant (Ruiz-Garbajosa et al.,2006; McBride et al.,2007). The great advantage of
MLST is that sequence data are unambiguous and the allelic profiles of isolates can
easily be compared to those in a large central database via the Internet (in contrast
to most typing procedures which involve comparing DNA fragment sizes on gels).
Allelic profiles can also be obtained from clinical material by PCR amplification of
the five house-keeping loci directly from CSF or blood. Thus isolates can be
precisely characterised even when they cannot be cultured from clinical material
(Maiden et al.,2013; Jolley et al.,2018).
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1.2.7 Clustered regularly interspaced short palindromic repeats

(CRISPRs):

The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPRS)
loci and CRISPR associated (Cas) protein-encoding genes known as CRISPR-Cas
systems (Garcia —Solache et al.,2019). The CRISPR-Cas system consists of a
CRISPR array and the Cas gene family, in which the CRISPR array is composed of
highly conserved repeat sequences and spacer sequences, with upstream leader
sequences responsible for their transcription (Guo et al.,2022).

CRISPR-Cas systems constitute a multi-step adaptive immune response that
defends prokaryotes against foreign invading genetic material. A genomic locuin
cluding the CRISPR and nonrepetitive spacer sequences, as well as 6 to 20 genes
producing CRISPR-Cas related proteins, make up the system. CRISPR-Cas systems
consist of 2 classes and six types (types I, I11, and IV belong to class 1 and types I,
V and VI belong to class 2) ( Shabbir et al.,2018;Kamruzzaman & Iredell .,2020).

The CRISPR-Cas systems can be used for genome engineering. Also, they
Impose a strong selective pressure on pathogenic bacteria to acquire virulence traits
and antibiotic resistance ( Kamruzzaman and Iredell .,2020;Gholizadeh and Kosa et
al., 2020).

Three Typell CRISPR occur with variable distributions in the E. faecalis
species, including two that possess cas genes (CRISPR1 and CRISPR3, which are
Type II-A systems (Fonfara et al., 2014), and one orphan array (CRISPR2) that is
ubiquitous but lacks associated cas genes (Bourgogne et al.,2008; Palmer and
Gilmore, 2010; Hullahalli et al., 2015). The orphan locus possesses repeats identical
to those in CRISPR1, but not CRISPR3. CRISPR1 and CRISPR2 both have seven
repeats of a 37-bp palindromic motif that bears no resemblance to any of the 29-bp

spacer sequences. Despite this, they likely originated from pheromone-responsive
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type plasmids, plasmids integrated inside the E. faecalis V583 genome, and
enterococcal prophage and phage, due to short spacer sequences (Gholizadeh et al.,
2020).

All E. faecalis, however, possess an orphan CRISPR locus, known as
CRISPR2, that lacks cas genes (Hullahalli et al.,2015). CRISPR1 and CRISPR3 are
the functional CRISPR loci in E. faecalis, with a complete collection of type Il cas
genes upstream of the repeat- spacer array (Price et al.,2016).

The CRISPR array consists of 36 bp repetitive DNA elements (repeats)
interspersed by 30 bp sequences usually derived from foreign DNA (spacers). The
cognate spacer sequence present in foreign DNA, termed the protospacer, is usually
located proximally to a conserved DNA sequence referred to as the protospacer
adjacent motif (PAM). The final spacer in the CRISPR array (terminal spacer) is
followed by a degenerated repeat (terminal repeat). During CRISPR interference,
the Cas9 endonuclease is guided to DNA targets by CRISPR RNAs (crRNAS),
which are processed transcripts derived from the CRISPR array. An active Cas9-
crRNA targeting complex is also associated with a trans-activating crRNA
(tracrRNA), which is partially complementary to the repeats of the CRISPR array.
This targeting complex samples PAMs in DNA, and once it encounters a match to
the affiliated crRNA spacer sequence, Cas9 creates a double-stranded break in the
target DNA. Further, the consensus PAM sequences for CRISPR1-Cas and CRISPR
are identical (NGG), while the protospacer adjacent motif PAM for CRISPR3 is
distinct (NNRTA) (Price et al., 2016). Some E. faecalis encode Type Il CRISPR-
Cas systems, defined by the presence of cas9, and which consist of two main
components: a CRISPR array and cas genes. The mechanism of Type 1l CRISPR-
Cas systems has been well characterized (Anders et al., 2014; Jinek et al., 2014;
Nishimasu et al., 2014; Marraffini, 2015). The cas9 associated with CRISPR3 is
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distinct in sequence and function from the CRISPR1 cas9. The CRISPR3-Cas9
cannot confer defense from conjugative plasmids using CRISPR2 spacers (Price et
al., 2016). An inverse correlation between the occurrence of Type Il CRISPR-Cas
systems and antibiotic resistance has been reported for E. faecalis (Palmer and
Gilmore, 2010). All E. faecalis isolates possess a CRISPR2, but most MDR strains
lack the functional CRISPR1-Cas or CRISPR3-Cas systems (Palmer and Gilmore,
2010; Hullahalli et al., 2015).

CRISPR-Cas has widely been used as a genome editing tool (Jiang et al.,2015;
Barrangou & van Pijkeren.,2016). CRISPR-assisted genome editing relies on the
premise that targeting the chromosome, thereby inducing double-stranded DNA
breaks (DSBs), is lethal, and can select for outgrowth of low-frequency variants or
rare recombinants (Selle and Barrangou.,2015).

CRISPR-Cas function as a bacterial ‘tmmune system’ that evolves through
integration of DNA recognised as foreign into a CRISPR array, which then become
CRISPR guide RNAs. The guides target foreign DNA to be specifically degraded
by nuclease encoded activity. The presence of CRISPR-Cas is generally more
common in commensal enterococcal strains which prevent the uptake of foreign
DNA such as the acquisition of drug resistance elements (Johnson et al., 2021).
Conversely, MDR/clinical enterococcal strains either lack these defence systems or
contain non-functional variants such as CRISPR2 (contains spacer array but no cas
genes) (Johnson et al., 2021). Therefore, the MDR strains have increased genetic
plasticity which can enhance survival compared to strains that lack genetic diversity
due to the absence of MDR genes (Johnson et al., 2021).
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2.1 Materials:

2.1.1 Laboratory instruments and equipment:

Table (2-1): Laboratory instruments and equipment

Name of Item

Company

Origin

Analytical Balance

KERN

Germany

Autoclave

Drawell

China

Automated Water distillator

K&K Scientific

South
Korea

Bensen burner

Satorins

Germany

Centrifuge

Cypress
Diagnostics

Belgium

Cooling box

Ningbo

China

Distillator

GFL

Germany

DNA extraction tubes.

Eppendorf

Germany

Gel Documentation
System

Bioneer

South
Korea

Gradient Thermal Cycler

Techne

UK

Horizontal electrophoresis
system

Mupid

Japan

Hot plate magnetic stirrer

IKA

Germany

Incubator

Cypress
Diagnostics

Belgium

Laboratory Electrical
Oven

DAIHAN
LabTech

Korea

Microcentrifuge

Hettich

Germany

Micropipette
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Microscope

Cypress
Diagnostics

Belgium

Microscope camera

Omax

China

Microwave Oven

LG

Korea

Millipore filter (0.45mm)

Satorins
membrane
Filter

Gm, BH, W.

Germany

Nano drop

Memmert

Germany

PCR thermocyling

Clever

USA

Plastic Test tubes 10ml.

AFCO

Jordan

Platinum wire loop

Himedia

India

Refrigerator

Concord

Korea

Screw capped bottles 30 mli

Hirschmann

Germany

Sensitive electron balance

A&D

Japan

Spectrophotometer

Chemglass Life
Sciences

Finland

Sterile swab for streaking

Lab. Service

SP.A

Upright Freezer

Bosch

UK

UV sterilization cabinet

SCI-PLAS

UK

Vortex mixer

DAIHAN
LabTech

Water Bath

DAIHAN
LabTech

Wooden sticks

37

Supreme




Chapter two Materials and Methods

2.1.2 Chemical and Biological Materials:

Table (2.2): Chemicals and Biological materials used in the laboratory work.

No. | material Company Origin
2 Agarose Bioneer Korea
12 | Carbohydrates (glucose, maltose, Fluka Switzerland
lactose) chemika
13 | Catalase reagent Schuchariot Germany
4 Decontamination nucleases solution Bio-world USA
5 DNA Loading Dye Bioneer Korea
6 Ethanol 96 % Scharlab S.L Spain
7 Ethanol 96 % spray AMRESCC USA
17 | Ethidium bromide, Master mix Promega USA
15 | Glycerol Fluka England
8 Gram stain reagents Syrbio S.AR.
16 | NaCl, NaOH Merk Germany
Darmstadt
9 Nuclease-free water Bioneer Korea
14 | Oxidase reagent Himedia India
10 | Proteinase-K Genaid USA
1 TBE buffer (10X) Bioneer Korea
11 | Tris EDTA (TE) Bio basic Canada
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2.1.3 Culture Media:
Table (2-3) Culture Media

No. Culture Media Company Origin
1. | Agar agar Oxoid UK
2. | Bile esculin Agar Himedia India
3. |Brain Heart Infusion BBL France

Agar
4, | Brain Heart Infusion Conda Spain
Broth
5. | Chromogenic Agar Conda Spain
6. | MacConky Agar, Himedia India
Blood Agar , Pepton
water
7. | Mueller-Hinton Agar Mast UK
8. | Nutrient Agar, Nutrient Himedia India
Broth

2.1.4 Antibiotics Disks:

Table (2-4) Antibiotics Disks (Bioanalyze / Turkey)

No. Antibiotics Assembly Potency
(ng per disk)

1. Piperacillin PRL 100

2. Clindamycin DA 15

3. Vancomycin VAN 30

4. Levofloxacin LEV 5

5. Ciprofloxacin CIP 5

6. Erythromycin E 15

7. Imipenem IMI 10

8. Kanamycine K 30

9. Teicoplanin TEC 30
10. Nitrofuratoin NOR 300
11. Refampin REF 5

39



Chapter two Materials and Methods

2.1.5 Commercial kits:

Table (2-5) Commercial kits used in the present study

Name of Item Company Origin

100bp ladder Bioneer Korea
Presto Mini gDNA Bacteria Kit Geneaid USA

Go Tag®G2 Green Master Mix Promega USA

Gel/PCR DNA Fragments Geneaid USA
extraction kit

Primers of ddl,M13,CRISPR-Cas | ALPHA DNA Canada
&MLST

Table (2-6) DNA extraction kit (Geniad/ UK).

No. Component Size
1 GT Buffer 30 ml
2 GT Buffer 40 ml
3 W1 Buffer 45 ml
4 Wash Buffer (add Ethanol) 25 ml (100 ml)
5 Elution Buffer 30 ml
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Table (2-7) DNA ladder
No. Materials
1. | Ladder consist of 13 double-stranded DNA with size 100-20

00 bp.

2. | Loading dye has a composition (15% Ficoll, 0.03% bromophenol
blue, 0.03% xylene cyanol, 0.4% orange G, 10mM Tris-HCI (pH
7.5) and 50mM EDTA).
Table (2-8): Master Mix Used in PCR (Promega/USA).
Materials
1. | DNA polymerase enzyme (Taq)
2. | dNTPs (400 um dATP, 400 um dGTP, 400 um dCTP, 400 um
dTTP)
3. | MgCl2(3mM)
4. | reaction buffer (pH 8.3)
2.2 Methods:

2.2.1 Preparation of Reagents and Solutions:
2.2.1.1 Reagents:
2.2.1.1.1 Oxidase Reagent:

Tetramethyl Para-Phenylene diamine dihydrochloride in 100 ml distilled water

This reagent was prepared freshly in a dark bottle by dissolving 1gm

(Forbes et al., 2007).
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2.2.1.1.2 Catalase Reagent:

Hydrogen peroxide (3%) was prepared from stock solution in a dark bottle
and it has been used for detection of the ability of the isolates to produce catalase
enzyme (Forbes et al., 2007).
2.2.1.2 Solutions:

2.2.1.2.1 Normal Saline Solution:

It was prepared by dissolving 8.5 gm of NaCl in a small volume of distilled
water, then completed to 1000 ml, pH fixed at 7.2 and sterilized in autoclave at
1210Cfor 15 minutes, then kept at 4°c (MacFaddin, 2000).
2.2.1.2.2 Agarose Gel:

Agarose gel was prepared according to the method of Sambrook and Rusell
(2001) by adding 1gm to 100ml of 1x TBE Buffer. The solution was heated to
boiling (using water bath) until all the gel particles dissolved. The solution was
allowed to cool down within 50-60 °C, and mixed with 0.5 mg/ml ethidium bromid.
2.2.1.2.3 Sugar Solutions:

The solution was prepared by dissolving 1gm of (glucose, lactose and
maltose) in 100 ml distilled water, and sterilized by filtration (Gadeberg et al., 1983).
2.2.2 Preparation of Culture Media:

A group of culture media were prepared according to the instructions of the

company and serialized by autoclaving at 121°C for 15 minutes.

No Media Purpose of use

1 | Chromogenic agar medium | This medium was prepared according to the
manufacturing company (72 gm /L) after

autoclaved and cool, add (0.24 naldic acid
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dissolve in 5 ml D.W) with 5 drop of NaOH
(MacFaddin, 2000).

2 | Bile-Esculin Agar Medium

This medium was prepared according to the
manufacturing company (56.25 gm/1L) . Itis
a selective medium used for isolating and
identifying of Enterococcus faecalis
(MacFaddin, 2000).

3 | MacConkey Agar Medium

This medium was prepared according to the
method recommended by the manufacturing
company (52 gm /L) and it was used for the
primary isolation of most enteric bacteria
and differentiation of lactose fermentative
from the non-lactose fermentative, and used
for isolation and differentiation of enteric
microorganisms and permitting growth of
Enterococci (Winn et al., 2006).

4 | Nutrient Agar Medium

This medium was prepared according to the
manufacturing company (28 gm/1L). It was
used for general experiments, cultivation and
activation of bacterial isolates when it is
necessary (MacFaddin, 2000).

5 | Blood agar medium

This medium has been prepared according to
MacFaddin, (2000) by dissolving 40gm
blood agar base in 1000 ml D.W. and
autoclaved at 121°C for 15 min, then cold to
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50°C and 5% of human blood was added.
This medium was used to cultivate bacterial
strains and to determine their ability to blood
cell hemolysis (MacFaddin, 2000).

6 | Muller-Hinton Agar

Medium

Muller-Hinton agar was prepared according
to the manufacturing company (38mg/IL). It
was used in anti-bacterial susceptibility
testing (MacFaddin, 2000).

7 | Motility Medium (semi-

solid medium)

This medium was prepared by adding 40gm
of agar to 100ml of brain-heart infusion
broth and completed with 1000ml distilled
water. It was then sterilized by autoclave at
121°C for 15minutes. It was distributed in
tubes. This medium was used to detect
bacterial motility (MacFaddin, 2000).

8 | Brain Heart Infusion Broth

This medium using to activate, grow and as
stock culture for isolates Enterococcus spp.;
it is prepared by dissolving (37 gm.) of
medium in (1L.) of distilled water, and then
pouring to sterile test tubes and sterilizing by
autoclave (MacFaddin, 2000).

9 Maintenance medium

Maintenance media for bacterial isolates; the
bacterial isolates have been preserved on
brain heart infusion agar slant at 4 °C. The
isolates have been maintained monthly

during the study by culturing on new culture
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media. For long preservation, brain heart
infusion broth supplemented with 20%
glycerol has been used and the isolates have
been preserved frozen (-20 °C) for long term

(several months) (Collee et al.,

1996).
10 | Sugar fermentation | This medium consists of Medium base:
medium 0.0082 gm of a-phenol red as indicator was

added to 100 ml of Brain heart infusion
broth, the pH was adjusted to 7.4, and then
this media had been autoclaved. Sugar
solution: 1 gm of each of the following
sugars (glucose, lactose and maltose), were
added to the broth separately and sterilized
by filtration by Millipore filter, later poured
into sterile plain tubes (Forbes., 2007).

11 | Brain heart infusion agar Brain-heart infusion agar was prepared
according to the manufacturing company (52
gm/L) (MacFaddin, 2000).

2.3 Subjects of the Study:

Specimens were taken from 105 patients who had been taken to such Al-Hilla
Surgical Teaching Hospital and the Imam Sadiq Education Teaching Hospital with
a variety of infections, such as UTIs, vaginitis, wound infections, and bacteremia at
the period from (August 2022 to November 2022).
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105 specimens collected from
infected patients
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Fig. (2-1): Experimental design
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2.3.1 Ethical approval:
The study was conducted in accordance with the ethical principles that have

their origin in the Declaration of Helsinki. Verbal consent was taken from each
patient parents before sampling. Investigative standards were rigidly preserved,
primarily concerning confidentiality. Moreover, this study was undisclosed,
participation of patients was optional, and verbal consent was received before data
uptake process was started. The study protocol and the subject information and
consent form were reviewed and approved by a local ethics committee (at College

of Medicine University of Babylon).
2.3.2 Isolation and identification of Enterococcus faecalis:

2.3.2.1 Clinical specimens:

The proper specimens collected for bacteriological analysis are described
below. Those specimens were collected in proper ways to avoid any possible
contamination (Collee et al., 1996).
2.3.2.1.1 Urine samples:

The specimens were generally collected from patients suffering from UTIs.
Mid-stream urine samples were collected in sterilized screw-cap containers, then the
urine samples were inoculated on culture media and incubated aerobically at 37°C
for 24h (Vandepitte et al, 1991).
2.3.2.1.2 Vaginal swabs:

The samples were generally collected from women (pregnant and non-
pregnant) suffering from vaginitis. The swabs were inserted into the posterior fornix,
upper part of the vagina and rotated there before withdrawing them. A vaginal
speculum was also used to provide a clear sight of the cervix and the swabs were
rubbed in and around the introits of the cervix and withdrawn without contamination

of the vaginal wall. Swab for culture should be placed in tubes containing normal
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saline to maintain the swab moist until taken to laboratory. The swab was inoculated

on culture media and incubated aerobically at 37°C for 24h.
2.3.2.1.3 Blood samples:

Blood sample was collected from patients, 5 ml of fresh venous blood samples
were collected from suspected patients by sterile syringes which delivered into
special screw cupped of culture bottle containing 100 ml of brain heart infusion broth
and incubated at 37°C for at least 3 days placed in bact/alert 3D apparatus for a week.
If positive sample, each specimen was inoculated using direct method of inoculation
on culture of selective media.
2.3.2.1.4 Wound swab:

The samples were generally collected by twice rolating a sterile cotton swab
for culture should be placed in tubes containing normal saline to maintain the swab
moist until taken to laboratory. The swab was inoculated on culture media and
incubated aerobically at 37°C for 24h. All samples were transferred by means of a
cooled box to the Faculty of Medicine Laboratory / Babylon University for the
purpose of identifying the bacteria and performing laboratory analyzes.

2.4 Laboratory Diagnosis of Enterococcus faecalis:

2.4.1 Colonial Morphology and Microscopic Examination:

A single colony was taken from each primary positive culture and its
identification depended on the morphological properties (Colony size, shape, color,
translucency, edge, elevation and texture). Bacterial smear stained with Gram stain
was used to check the morphological properties of bacterial cells, including gram

reaction, shape and arrangement of bacteria.
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2.4.2 Biochemical Tests:
2.4.2.1 Catalase Test:

Catalase is an enzyme that catalyses the release of oxygen from hydrogen
peroxide. Nutrient agar medium was streaked with the selected bacterial colonies
and incubated at 37°C for 24 hrs, then the growth was transferred by the wooden
stick and it was put on the surface of a clean slide, a drop of (3% H202) prepared at
(2.2.1.1.2) was added. Formation of gas bubbles indicates a positive result (Collee
et al., 1996; Forbes et al., 2007).
2.4.2.2 Oxidase Test:

The test depends on the presence of certain bacterial oxidases that would
catalyze the transport of electrons between electron donors in the bacteria and a
redoxdye (tetramethyl-p-phenylene-diamine dihydrochloride), the dye was reduced
to a deep purple color. A strip of filter paper was soaked with a little freshly made
reagent,and the colony to be tested was picked up with a sterile wooden stick and
smeared over the filter paper. A positive result was indicated by an intense deep
purple color which appeared within 5-10sec. (Forbes et al., 2007).
2.4.2.3 Bile-Esculine Hydrolysis Test:

It is used for rapid detection of esculin hydrolysis in presence of 40% bile
for differentiation of group D streptococci from non-group D streptococci, as the
positive result can detected by the darkening of the medium (MacFaddin, 2000).
2.4.2.4 NaCl Tolerance Test:

To check the ability of enterococci to tolerate 6.5% NaCl, BHI broth
supplemented with NaCl was prepared by dissolving 6.5 g NaCl in 100 ml.
Inoculated tube containing BHI broth without NaCl was used as a positive control

to compare the turbidity (Collee et al., 1996; Koneman et al., 1997).
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2.4.2.5 Motility Test:

This test was done by incubating the tube that contained semisolid media
with tested bacteria by stabbing method and was incubated at 25- 30°C for 24-48
hrs. The dissemination of growth out of the stability line was an indication for
positive result (MacFaddin, 2000).
2.4.2.6 Sugar Fermentation:

This test was done to detect the ability of bacteria to ferment different types
of carbohydrate including (glucose, lactose and maltose ). This test was performed
as follows: Sugar fermentation medium was inoculated by the suspected bacterial
colonies and the tubes were incubated at 35-37°C for 18-24hrs, incubation as long
as 30 hrs may be needed to confirm a negative result. Looking for the results next
day:

1. Change in the color of broth from red to yellow indicates positive result (acid
formation i.e. sugar fermenter).

2. No change in color indicates negative result (no sugar fermentation) (Collee et
al., 1996; MacFaddin, 2000).

2.4.2.7 Growth at 10°C and 45°C:

Two tubes of BHI broth were inoculated by bacterial isolates, one tube is
incubated at 10 °C and the other at 45°C for 18-24 hrs then the turbidity was
checked and compared with negative control (uninoculated tube) and positive

control (inoculated tube which incubated at 37°C) (MacFaddin, 2000).
2.4.2.8 Growth at alkaline pH (9.6):

Brain-heart infusion broth was prepared and then its pH was adjusted to 9.6
by the addition of 0.1 M NaOH (Collee., 1996).
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2.5 Hemolysin production:

Hemolysin production was carried out by inoculating bacterial isolate on
blood agar medium at (37°C) for (24-48) hours, An appearance of clear zone
around the colonies referred to complete hemolysis (- hemolysis), greenish zone
around the colonies referred to partial hemolysis (a- hemolysis), while no zone
referred to non-hemolysis (y- hemolysis) (Baron et al,. 1994)

2.6 Antimicrobial Susceptibility Test: Disk Diffusion Test

Antibiotic diffusion test (the Kirby-Bauer susceptibility test).

1. It was performed by using a pure culture of previously identified bacterial
organism.

2. The inoculum to be used in this test was prepared by adding growth from 5
isolated colonies grown on brain heart infusion plates to 5 ml of broth; this culture
was then incubated for 2 hours to produce a bacterial suspension of moderate
turbidity.

3. A sterile swab was used to obtain an inoculum from the standardized culture,
this inoculum was then swapped on Mueller — Hinton plate and left to dry.

4. The antibiotic discs were placed on the surface of the medium at evenly spared
intervals with flamed forceps or a disc applicator, incubation was usually for an
overnight at 37°C.

5. Antibiotics inhibition zones were measured using a caliper, zone size was
compared to standard zones to determine the susceptibility or resistance of
organism to each antibiotics (CLSI, 2023).
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2.7 Genotyping Assays:

2.7.1 DNA Extraction:
This method was made according to the genomic DNA purification Kit

supplemented by the manufacturing company Geneaid, (UK).Chromosomal DNAs
obtained were used as templates for all PCR experiment. The PCR reaction were
carried out in a Thermal Cycler. Before PCR assay, DNA profile was performed by
using bacterial DNA and loading buffer without thermal cycling condition, and
according to the following step:

a. Cultured bacterial cells were transferred to 1.5 ml microcentrifuge tube,
centrifuged for 1 minutes at 14-16,000xg and the supernatant was discarded.

b. A volume of 200 ul of Gram Buffer was added to 1.5ml microcentrifuge tube then
200ml of lysozyme buffer was added to the Gram Buffer then vortex to completely
dissolve the Lysozyme.

c. A volume of 200 ul of Gram Buffer in the 1.5 microcentrifuge tube, incubated at
37°C for 30 minutes. During incubation the tube was inverted every 10 minutes.

d. A volume of 20 ul of proteinase K was added then mixed by vortex, incubated at
60°C for at least 10 minutes. During incubation the tube was inverted every 3
minutes.

e. A volume of 200 ul of GB Buffer was added to the sample and mix by vortex for
10 minutes.

f. The sample lysate was incubated at 70°C for at least 10 minutes.

During incubation, the tube was inverted every 3 minutes. At this time, the required
Elution Buffer (200 ul per sample) was pre-heated to 70°C (for step 5 DNA Elution).
g. Following 70°C incubation, 5 ul of RNase A (10mg/ml) was added to the clear
lysate and mixed by shaking vigorously.

h. The lysate was incubated at room temperature for 5 minutes.
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I. A volume of 200 pl of absolute ethanol was added to the clear lysate and
immediately mixed by shaking vigorously, the precipitate was broken up by
pipetting.

j. A GD Column was placed in a 2ml collection tube.

k. All of the mixture was transferred (including any precipitate) to the GD column,
centrifuged at 14000-16000 xg for 2 minutes.

I. The 2ml collection tube was discarded containing the flow-through and the GD
column was placed in a new 2 ml collection tube.

m. A volume of 400 pul of W1 buffer was added to the GD Column, Centrifuged at
14000-16000 g for 30 second.

n. The flow-through was discarded and placed the GD column back in the 2ml
collection tube.

0. A volume of 600 ul of wash buffer (ethanol added) was added to the GD column,
centrifuged at 14000-16000 xg for 30 seconds.

p. The Flow-through was discarded and placed the GD column back in the 2ml
collection tube, Centrifuged again for 3 minutes at 14000-16000 xg to dry the
column matrix.

g. The dried GD column was transferred to a clean 1.5 ml centrifuge tube .

r. A volume of 100 pul of preheated elution buffer or TE was added to the center of
the matrix, centrifuged at 14000-16000 xg for 30 second to elute the purified DNA.

2.7.2 Estimation of DNA Concentration
The extracted genomic DNA is checked by wusing Nanodrop

spectrophotometer which measures DNA concentration (ng/ul) and checks the DNA

purity by reading the absorbance at (260 /280 nm).
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2.7.3 The mixture of PCR reaction:
Amplification of DNA was carried out in final volume of 25 ul containing
the following as mentioned in table (2-8):
Table (2-9) Contents of the Reaction Mixture

No. Contents of reaction mixture Volume
1. Green master mix 12.5 ul
2 Upstream primer 2.5ul

3. Downstream primer 2.5ul

4 DNA template 5ul

5 Nuclease free water 2.5ul
Total 25 ul
volume

2.7.4 Primer Sequences:

Molecular assay in this study includes 10 gene, one for diagnosis, one for
amplification , five for MLST and three for CRISPR , each one has specific
nucleotide and product size. The primer sequences and PCR conditions that used
are listed in Table (2-10), (2-11),(2-12),(2-13).

2.7.5 Agarose gel documentation:

The gel documentation system was used to detected electrophoresis results.
The positive results were distinguished when DNA band base pairs of sample
equal to the target product size. The biometra gel documentation system easy used
to photograph the gel.
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Table (2-10): Primers sequences and PCR condition of ddl gene for

identification of E. faecalis

Gene Primer sequence (5' -3' ) Sizeof | PCR Reference
produce | condition
E.faecalis | F: TCAAGTACAGTTAGTCTTTATTAG | 941 94°C-60s 1x | (Saffari et

(ddI) R:ACGATTCAAAGCTAACTGAATCAGT 94 °C-40s al., 2017)
54 °C- 60s 30X

72 °C 60s
72 °C 7min 1x

Table (2-11): The primers used for the amplification of a fragment gene:

Gene primer sequence (5°-3") sizebp  PCR condition Reference

M13 GAG GGT GGC GGT TCT variable ~ 94°C-5min 1x (Rossetti et al.,2005)
95°C-60 s
42°C-30s 30x
72°C-60 s
72°C-5 min 1x

2.8 Detection of Amplified products by Agrose Gel Electrophoresis
The PCR amplification of products were analysed by Agarose gel
electrophoresis using 1.5% agarose gel prepared by dissolving 1.5 g of agarose
(Paiao et al., 2012) mixed with 100 ml of 10 x Tris — Borate EDTA (TBE) buffer
(10ml TBE+90ml sterile distilled water) heated to boil on hot plate. The agarose gel
was cooled down to 45°C where 5ul of Ethidium bromide stain were added. The
comb was fixed at one end of the tray for making wells used for loading DNA
sample. The agarose was powered gently into the tray, and allowed to solidify at

room temperature for 30 min. The comb was then removed gently from the tray. The
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tray was fixed in an electrophoresis chamber which was filled with TBE buffer
covering the surface of the gel, Sul of DNA sample was transferred into the signed
wells in agarose gel, and in one well we put the Sul DNA ladder mixed with 1ul of
loading buffer. The electric current was allowed at 75 volt for 60 min. UV
transilluminater was used for the observation of DNA bands, and gel was
photographed using a digital camera.
2.9 Gel analysis

Analysis of fingerprinting gel images was done by BIONUMERICS v8.0
and to build phylogenetic tree using UPGMA (unweighted pair group method with
arithmetic mean) method

2.10 Multi locus sequence typing (MLST):

In this study, The Enterococcus faecalis MLST scheme uses internal
fragments of the following five house-keeping genes: groEL, clpX, recA, rpoB, and
pepC. Primer and PCR conditions were based on MLST scheme obtained from X.
Chen et al., (2015).

2.10.1 PCR amplification:

PCR reactions (25ul) were carried out according to X. Chen et al., (2015), by
using the following cycling conditions 30 cycles of 94°C for 1 min, annealing at 50
to 60°C (optimal annealing temperatures for each locus were listed in Table (2-12)
for 45 s, and 72°C for 1 min, and a final extension step at 72°C for 7 min followed
by hold at 4°C. The PCR mixture was 25 pl volumes containing 1 pl of each primer,
12.5 pl of the master mix (GoTaq® G2 Green Master Mix, Promega, USA), 3 ul of
DNA template, and 7.5 deionized water. A 5 ul of the PCR products were loaded
into 2% agarose gels in 1 X TBE with loading dye, and run at 100 v in 1X TBE for

60 minutes. Images of the gels were captured using a gel documentation system.
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Table (2-12):Genes and sequences of MLST &PCR condition :

Gene  Gene product Primer *

Sequence (5'—3") Length(bp)

PCR
condition

pepC  Aminopeptidase C pepC/F

pepC/R

AGCAGCAACAGTTCCAAT 725

ATCCACGCATCGCTCATA

94°C-4min 1x

94°C-1min 30x

51.°C- 45s
72°C -1min

72°C- 7Tmin 1x

rpoB  RNA polymerase 3 subunit rpoB/F

rpoB/R

TCTTATGTTCGGATTGACC 708

TGAACGGATACGACGATT

94°C- 4min 1x

949C-1min 30x
50.6°C- 45s
72°C -1min
72°C- 7Tmin 1x

groEL  Chaperonin GroEL groEL/F

groEL/R

GCGGATGATGTTGATGGG 612

AGCGATTTGACGGATTGG

94°C- 4min 1x
94°C-1min 30x
56.6°C- 45s
72°C -1min
72°C - 7Tmin 1x

recA  Recombinase protein A recA/F

recA/R

TTCTTTAGCGTTAGATGTTG 687

CCTTCTTGGGAAATACCTT

94°C- 4min 1x
94°C-1min 30x

49.9°C- 45s
72°C -1min
72°C - 7Tmin 1x |

clpX  ATP-dependent protease subunit clpX/F

Clp X
clpX/R

GATGAAGCAGTCCGAGAA 765

TACAGGTAAGCGTCCAAT

94°C- 4min 1x

94°C-1min 30x
51.1°C-45s
72°C -1min

72°C — 7min 1x

1
F = forward; R = reverse.

2.10.2 Sequencing of PCR products

All PCR products obtained above were cleaned and submitted for sequencing

as follows. The PCR product was cleaned of amplification primer using the Gel/PCR

DNA Fragments extraction kit (Geneaid, USA) as per manufacturer's instructions.

Purified DNA was sequenced at Macrogen company (Korea) with the sequencing

primers for each gene as outlined in table . Bidirectional Sanger sequencing method

was carried out on an Applied Biosystems 3730xI DNA Analyzer (Applied

Biosystems, Foster City, CA, USA).
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2.10.3 Bioinformatic analysis:

The raw Sequence data was trimmed and aligned to the control sequences.
The standard sequences for alignment were taken from NCBI database. Multiple
alignments were done by using Clustal W v2.0 (Thompson, et al. 1994) of Geneious
Prime Software VV2021.1 (Biomatters, Inc., North America). All unique sequences
were assigned an allele number and every unigue/unambiguous combination of 5
allele numbers (the allelic profile) was designated as a sequence type (ST).
Identification of ST and allele profile was done by interrogation of gene sequences

against each other and with the reference sequences.

Regarding the identification of phylogenetic relationships among E. feacalis
isolates, the merged edited sequences were used to generate phylogenetic tree using
the PhyML maximum likelihood by using MEGA X v10.0.5 (Kumar et al., 2019).
Regarding recombination tree, Split decomposition analyses were performed with
SplitsTree, version 4, by using LogDet distances, equal edge lengths, and 1000
bootstrap replicates. eBURST analysis was done according to Feil et al., (2004) and
Ribeiro-Gongcalves, (2016).

2.11 CRISPR identification

Three separated PCR reactions (25ul) were carried out according to
Gholizadeh et al., (2020) with some modifications (three PCR runs instead one
multiplex PCR to avoid the interactions of PCR product), all primers were listed in
Table (2-13). The PCR mixture was 25 ul volumes containing 1 ul of each primer,
12.5 pl of the master mix (GoTag® G2 Green Master Mix, Promega, USA), 3 ul of
DNA template, and 7.5 deionized water for CRISPR1 and CRISPR3, and 7.5
deionized water for CRISPR2. The amplification condition was carried out with the

thermal cycling conditions. The PCR products were analyzed by electrophoresis
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using a 1.5 % agarose gel in 1X TBE buffer and the stained gels were viewed using

a standard UV transilluminator.

Table (2-13): CRISPR identification primers & PCR condition

CRISPR Sequence PCR PCR condition Reference
primer q product
CRISPRI- | - ATGTTAGCTGATACAAC 315 | 95°C-10min 1x
cas loci-F
95°C-30's
60°C-30s  34x
ga'-‘;'lifﬁé' CGAATATGCCTGTGGTGAAA 72°C -45's
72°C -5 min  1x (Palmer&
Gilmore.,2010)
E)':i'_iPRZ CTGGCTCGCTGTTACAGCT | Variable
I(f)':i'_séPRz GCCAATGTTACAATATCAAACA
CRISPR3- | - rcacTaceTTCcAGTTATTTC | 22
cas loci-F
CRISPR3-
oo | CATCGATTCATTATTCCTCCAA
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3. Results and discussion

3.1 Isolation of Enterococcus faecalis:

A total of 105 clinical specimens were collected during this study
which obtained from patients suffering from different infection such as
UTI, vaginitis, wound infection and bacterimia who admitted to two main
hospitals of AL-Hilla City: Al-Hilla Surgical Teaching Hospital and
Imam Sadiq Education Teaching Hospital during a period extending from
(August 2022 to November 2022). AIll specimens were subjected to
aerobic culturing on different media and it was found that out of the total
105 specimens,70(66.6%) specimens showed positive bacterial culture. No
growth was seen in other 35(33.3%) specimens which indicate the
presence of microorganisms that may be cultured with difficulty such as
virus, fungi and other agent or may be due to difference in the size and
nature of the specimens. Among (70) positive culture were culturing on
chromogenic agar medium (selective media),only 15(14.2%) specimens
show positive was identified as E. faecalis as shown in the figure (3-1).

These isolates then subjected to molecular detection method using specific
primer based D-alanine ligase gene as a genetic marker for confirmed isolation of
E. faecalis by PCR, the results revealed that 15(100%) were positive for PCR .
However, this approach will enhance the accuracy, sensitivity specificity ,special
and cost effectiveness in the detection of E. faecalis than culture technique and the
PCR is the best choice for diagnosis of infection with E. faecalis .However ,
molecular technique has over convective methods ,it can provide results in 24 hr .

where as routine culture followed by biochemical test need 36-48hr .
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Fig. (3-1): prevalence of E. faecalis among other etiological agents associated with isolated
sample

3.2 Distribution of E. faecalis isolated from different clinical

specimens:
The result of this study was observed that 15 isolates were recorded

related to E. faecalis, collected from the following site, 6 isolates (40.0%)
obtained from urine specimens, 5 isolates (33.3 %) from wound, 4 isolates
(26.6 %) from vagina. While no bacteria 0(0.0%) were isolated from blood
specimens as shown in table (3-1).

Table (3-1): Percentage of E. faecalis isolated from different sites of

infection
Site of infection | No. of specimens | E. faecalis %
Urine 37 6 40.0
Wound 23 5 33.3
Blood 18 0 0
Vagina 27 4 26.6
Total 105 15 100%

61



Chapter Three Results and Discussion

This table indicated that E. faecalis are isolated from urine specimens at

percentage (40.0%),wound specimens at percentage (33.3%) and from vagina
specimens at percentage (26.6%).

Maha and Lamees.,(2022) in Babil/lrag observed that 20 isolates were
recorded related to E. faecalis, collected from the following site, 6 isolates (30.0%)
obtained from urine samples, 4 isolates (20.0%) from stool and wound, 6 isolates
(30.0%) from vagina, While no bacteria 0(0.0%) were isolated from blood samples.
AL-Khafaji,(2021) observed that 27 isolates were recorded related to E. faecalis, it
was collected from the following site, 14(51.85%) positive culture for E. faecalis
were isolated from urine, 10(37.03%) positive culture for this bacteria isolated from
stool.

Seenaa and Lamees.,(2020) in Babil/lraq observed that 47 isolates were
recorded related to E. faecalis, collected from the following site, 11 isolates
(23.40%) obtained from urine samples, 10 isolates (21.28%) from stool, 10 isolates
(21.28%) from wound, 6 isolates (12.76 %) from vagina, 10 isolates (21.28%) from
pus. While no bacteria 0(0.0%) were isolated from blood Samples.

Khazim et al., (2018) found that, E. faecalis isolated from stool
(18.6%), (12.3%) urine, and (6.1%) vagina. On the other hand, Santos et
al., (2017) found that, prevalence of E. faecalis infection was 55.6%, the
commonest sites of infections were urinary tract followed by stool in a rate
40%. Yilema et al., (2017) found E. faecalis infections among patients
with UTlIs, wound infections were higher than the other infections.

Kadhem and Flayyih, (2014) in Baghdad/Irag who found that, twenty isolates
of the genus E. faecalis were isolated from clinical specimens have the ability to
grow on selective Enterococcus agar, they found that the highest numbers of isolates
were distributed among urine specimens and the lowest one was observed among

wound infection specimens.
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AL-saadi, (2013) found that 39 E. faecalis isolates that isolated included 18

isolates (46%) obtained from stool samples, 14 isolates (36%) from urine samples,

and 7 isolates (18%) from vaginal swabs.

Kandela, (2012) in Baghdad/ lrag was found that 50 isolates belonged to
Enterococcus faecalis of which, 23 isolates (46%) from stool, 27(54%) isolates from
clinical cases distributed between 16 (32%) from urine, 6 (12%) from wounds and
5(10%) from vaginal.

Variations in Enterococcus isolation between studies can be attributed to a
variety of factors, including sanitary practices in hospitals and staff their
geographical regions, environmental conditions, isolation and identification
techniques, social and cultural level of patients, and use of multidrug (antibiotics)
that may lead to bacterial resistance development, or differences in sample size; all
of these factors may combine and play an important role in inhibiting or stimulating
bacterial resistance development.

E. faecalis is one of the most frequently isolated bacterial species across all
types of wounds, including diabetic foot ulcers, burns, and surgical sites. In surgical
site infections, E. faecalis is the third most commonly isolated organism (Chong et
al.,2017).

Enterococci normally colonize the gastrointestinal tract of humans. It is found
in relatively large quantities in the faeces. It can be transferred from the
gastrointestinal tract in different ways to other places. It can contaminate healthy
skin and can colonize the vaginal mucosa and anterior urethra of women and men
(Fisher et al.,2009). However, if it enters the systemic circulation it can lead to
various diseases (Weinstock et al.,2007). Colonization of the mucous membrane is
possible with a large number of factors such as: natural microflora, their pH and

natural cleansing (Abitzsch et al.,2001).
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Javed et al.,(2020)showed prevalence of E. faecalis (7% vs. 14%) in

nonpregnant and pregnant females' respectively when take specimens from vaginal
swab. Changes in vaginal microflora that show a critical role in promising vaginal
colonization (Aiyegoro et al., 2007), and my hypothesis is that the reason intestinal
bacteria are associated with urinary tract and vaginal infections is due to the close
proximity of the anal opening to the vagina and urethra, so contamination from the
anus can lead to bacteria being found in the vagina area, though this is a much less
common occurrence (Inabo and Obanibi, 2006).

Enterococcus faecalis is the most common cause of infectious vaginitis, and
Is characterized by white, thin discharge with a fishy odor, and elevated vaginal pH
that is often attributed to an imbalance of normal vaginal bacteria (Medeiros et al.,
2014).

Asymptomatic bacteriuria is also a common finding in women, and sometimes
it is followed by symptomatic urinary tract infection, these infections are usually
caused by a broad spectrum of uropathogens like Escherichia coli, Pseudomonas
aeruginosa and Proteus mirabilis followed by Enterococcus faecalis (Kline and
Lewis, 2017).

Urinary tract infection in patients with indwelling devices, or infection of
sutured surgical wounds, appear to result from external contamination, potentially
by organisms that have amplified in the GI tract and become intimately associated
with the patient upon hospitalization (Lebreton et al., 2014).

Recent year have witnessed increased interest in enterococci not only because of
their ability to cause serious infections but also because of their increasing resistance

to many antimicrobial agents (Reinseth et al., 2021).
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3.3 Identification of Enterococcus faecalis:

Identification of E. faecalis depends mainly on the cultural, and
biochemical characteristics and also microscopic patterns. The results were shown
in table (3-2).

The organisms are grams-positive small cocci, point colony, convex with an
entire margin non-spore forming ,non-motile , oxidase negative, and catalase
negative. The sodium chloride concentrations (6.5% NaCl)and the organisms are
able to grow in a wide range of temperatures (10 and 45°C with an optimum of 30°C
to 37°C) . On blood agar medium colonies appears alpha, beta and gamma
hemolysis, this considered as a good enrichment medium, to supply the bacteria with
the needed nutritional factors. On Chromogenic agar medium, the colonies trend to
Small and blue-green color.

Specimen were culture on different media such as (MacConkey agar, blood

agar, and bile esculin agar), on the blood agar colony appear as white to gray color,
while in MacConkey agar colony appear as small size, smooth and circular shape
with a pink color due to its ability to ferment lactose. While on selective media (bile
esculin agar) gave round shape colony with smooth edges, white or creamy color
and convert media color into black (Al-Halaby et al., 2017).
The organism that had the capacity to ferment sugar, growth in the presence of
crystal violet, Oxidase negative, esculin hydrolysis Enterococcus spp. is a gram-
positive coccus catalase negative, and anaerobically facultative. It grows in 6.5%
NaCl, 40% bile salts, 0.1% methylene blue milk and at pH 9.6. It grows at 10 and
45°C and resists 60C for 30 min (Nautiyal et al.,2016).
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Table (3-2): Diagnostic Features of E. faecalis

Tests Results

Colonies morphology Small cocci, punctiform colony,
convex with an entire margin

Gram Stain gram positive
Catalase Negative
Oxidase Negative
Growth at 10 and 45s°C Positive
Growth at pH 9.6 Positive
growth at 6.5% NaCl Positive
Esculin hydrolysis Positive
Sugar fermentation Positive
Motility Non motile
Chromogenic agar medium Positive Small (blue-green color)
Type of hemolysis on blood agar ' Beta, alpha, gamma hemolysis
medium

However, some other characteristic of E. faecalis should be considered to
confirm the identification of this bacteria through using specific markers via PCR
techniques (Luddeke et al., 2015).

3.4 Confirmed detection of E. faecalis by D-alanine ligase gene by
PCR technique:

D-alanine ligase gene (ddl) is present in E. faecalis and this gene is specific
for E. faecalis. These it can facilitated downstream analyses such as molecular
detection. E. faecalis is an opportunistic bacterium considered as pathogen for
significant infection to human.

To confirmed diagnosis for E. faecalis DNA was extracted from all suspected

isolates that previously identified E. faecalis by selective media (Chromogenic agar
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medium) conventional PCR was carried out using these DNA samples for the

amplification of specific ddl primer.

The results recorded that all isolates 15 were produced the specific 941bp DNA

fragment when compared with allelic ladder, as shown in figure (3-2).
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Figure (3-2): 1.5% Agarose gel electrophoresis image at 75 volts for one houre that displayed
PCR results analysis of D-alanine D- alanine ligase gene ddl in E. faecalis isolated from
clinical samples.Where M: (100-1500bp)and Lane (6-20) showed (6,7,8,9,10 wound,
11,12,13,14 vagina, 15,16,17,18,19,20 urine) at ( 941bp) .

To confirm the identity of E. faecalis, was resorted to a PCR assay detecting

internal fragments of the gene encoding D-alanine-D-alanine ligase ddl, as this gene
was described to be diagnostic and to differentiate the two major clinically important
species E. faecalis and E. faecium (Hashem et al .,2021).

Seenaa and Lamees (2020);Maha and Lamees (2022) found that all 47 &20
isolates of E. faecalis respecticaly isolated from different clinical specimens were
confirmed by successfully amplification 941 bp of ddl gene was used as specific
primer for detection of E. faecalis .

Nateghian et al., (2016) found that, out of the 200 enterococci studied by
multiplex PCR, 180(90%) were identified as E. faecalis, While the result obtained
by Kafil and Asgharzadeh, (2014) who were found that from (100) clinical isolates
only (34) isolated E. faecalis using specific primer, Lopez-Salas et al., (2013) who
detected that (95%) from clinical isolates related to E. faecalis.
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In this study, specific target was obtained and utilized in conventional PCR,

which was proven more rapid, convenient and accurate for identification of E.
faecalis, than previous methods. The results of PCR approach demonstrated that
comparative genomic methodology was successful identifying specific target.
Identification to the species level using PCR with species-specific primers is
a valuable method and can replace complex molecular clustering techniques and
conventional microbiological tests that are otherwise necessary to identify species

that are difficult to distinguish using phenotypic approaches (lacumin et al.,2015).

3.5 Antibiotic resistance of E. faecalis isolates:

The increasing use of antibiotics in medical treatments, contributed
significantly to the emergence of multi-antibiotic resistant bacterial strains, which
led to a severe health problem.

For the beta-lactams group, piperacillin antibiotic was chosen. Kanamycin
was used as it belong to the aminoglycoside group. For the quinolones group,
ciprofloxacin and levofloxacin were used. Others antibiotics were used in this study
include, clindamycin (lincosamide), erythromycin (macrolides group), Imipenem
(carbapenem), Rifampin (rifamycin) and nitrofuratoin (nityofurans). VVancomycin
and Teicoplanin were selected as members of the glycopeptide group because to
their significance in the treatment of severe, life-threatening infections caused by
Gram-positive bacteria that are resistant to other antibiotics.

Fifteen E. faecalis isolates were subjected to screening its ability to resist
eleven type of antibiotics. Figure (3-3) showed the percentage of antibiotics
resistance among the E. faecalis isolates. These isolates were found to have
increased resistance to conventional antibiotics such as, kanamycin, Ciprofloxacin
& Clindamycin (100 %), Imipenem (93.3 %), Rifampin and Nitrofurantoin (86.6%),

68



Chapter Three Results and Discussion

erythromycin (80 %), Vancomycin (73.3%). The lowest percentage of antibiotic

resistance was Teicoplanin & piperacillin (6.6 %) and Levofloxacin (13.3 %).
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Figure (3-3): Percentage (%) of antibiotic resistance demonstrated by Enterococcus faecalis
isolates.

The resistance mechanisms of the microorganisms are usually based on the
delayed penetration of the antimicrobial agent (Donlan & Costerton, 2002).
Furthermore, these organisms have developed resistance to virtually all
antimicrobials currently used in clinical practice using a diverse number of genetic
strategies (Miller et al., 2014).

However, the present study revealed that (100%) of isolates of E faecalis from
clinical specimens were resistance to Ciprofloxacin. In a local study mentioned that
the percentage of resistance of Enterococcus faecalis isolated from urine, fecal,

wound, vagina and pus samples to Ciprofloxacin was 25.5% (Seenaa, 2020).
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Alwan et al., (2018) that mentioned (100%) of E. faecalis isolates were resistance
to Ciprofloxacin. Another studies by, (Bi etal., 2018; Tateda et al., 2019) were found

that the resistance rate of E. faecalis to ciprofloxacin was (90%). Sattari et al., (2019)
found that E. faecalis have high frequency of resistance to ciprofloxacin (80.5%).

UTIs due to ciprofloxacin resistant bacterial strains have continued to increase
at a worry rate. Furthermore, ciprofloxacin has been inappropriately used to treat E.
faecalis associated UTIs. Ciprofloxacin is no longer a recommended therapy for E.
faecalis from complicated UTI with risk factors (Gagetti et al., 2019; Naha et al.,
2020). Ciprofloxacin has also been associated with hemolytic anemia. In addition to
improved antibacterial activity, Antibiotics, such as CIP, are an attraction because
of their broad spectrum and lack of resistance development. E. faecalis has resistance
acquisition capacity and this challenge can be sealed with CIP. Ciprofloxacin is a
second-generation fluoroquinolone that is active against many Gram-negative and
Gram-positive bacteria. It acts through inhibition of bacterial DNA gyrase and
topoisomerase IV. There has been no cross-resistance reported for CIP and other
fluoroquinolones; therefore, it is of high clinical value (Nawaz et al., 2021).

However, there is a concern regarding the emergence and rapid expansion of
resistance acquisition to fluoroquinolones by Enterococci, increase in the resistance
to ciprofloxacin occurred (from 1% to 15%) among the Enterococcus faecalis strains
(Higuita et al., 2014). Enterococci confers an unusual ability to acquire resistance to
such diverse groups of drugs as aminoglycosides, beta-lactams, macrolides,
fluoroquinolones and tetracyclines (Giedraitiené et al., 2011).

On the other hand, the result was shown that (13%) of E. faecalis isolates were
resistant to Levofloxacin, this finding also recorded by another clinical study in Iraq
(Maha, 2022). The quinolones (Levofloxacin) target two of the enzymes responsible

for this process, DNA gyrase and topoisomerase V. Both enzymes are tetramers
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composed of two different subunits: gyrA and gyrB form the DNA gyrase complex,
(Miller et al.,2014).

Enterococci demonstrate low magnitude of intrinsic resistance against the

quinolones, but are capable of acquiring high-level resistance via diverse
mechanisms. Mutations in the target genes, specifically gyrA and parC, have been
reported in E. faecium and E. faecalis (Werner et al., 2012; Yasufuku et al., 2011).
These changes affect the so-called ‘quinolone resistance determining regions’,
which presumably distort the binding affinity of the antimicrobial agent.
Externalization of the antimicrobial agent via efflux pumps is another well-known
mechanism of quinolone resistance. A third mechanism of resistance, observed in E.
faecalis is facilitated by gnr and encodes for a protein with a series of pentapeptide
repeats similar to the plasmid-borne quinolone resistance genes described in
Enterobacteriaceae. The presence of this protein is probably to protect DNA gyrase
by reducing DNA binding of the guinolone and subsequently, the formation of the
quinolone—gyrase complex (Miller et al.,2014).

However, the result was shown that (100%) of E. faecalis isolates were
resistance to Clindamycin. This finding was also reported by Sattari et al., (2019)
who found that E. faecalis have high frequency of resistance to clindamycin (100%).
Lietal., (2021) showed that E. faecalis isolates harbored the highest resistance rate
towards clindamycin. Another local study showed that 20(100%) the highest rate of
resistant is seen to Clindamycin (Maha, 2022).

One more important clinically relevant finding was that the resistance of E.
faecalis to Kanamycin was 100%, Alwan et al., 2018; Maha ,(2022) shown that the
highest rate of resistant among E. faecalis isolated from different samples were high
resistance to kanamycin (100%). Enterococci exhibit intrinsic tolerance against the
aminoglycosides. This phenomenon appears to be facilitated by two major factors

which are poor uptake of the antimicrobial agent requiring increased concentrations
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to enable entrance into the intracellular space and inactivation by covalent

modification of the hydroxyl or amino groups of the aminoglycoside molecule
carried out by naturally occurring enterococcal enzymes, thereby, creating a steric
hindrance and reducing the binding to the ribosomal target (Costa et al., 1993).

Additionally, several clinical isolates also possess the enzyme APH (3")-llla,
which lead to resistance against kanamycin and amikacin via its phosphotransferase
ability. Furthermore, enterococci are able to modify the ribosomal target through a
ribosomal RNA (rRNA) methyltransferase referred to as EfmM (Galimand et al.,
2011). This enzyme recognizes a specific cytidine at position 1404 of the 16S rRNA
in Enterococcus sp., and methylation of this residue produce resistance against
tobramycin and kanamycin.

In this study, the results revealed that 73 % of the isolates were resistance to
Vancomycin Maha,(2022) was found that (85%)of isolates were resistance to
Vancomycin when take samples from urine, stool, vagina, wound.While Seenaa,
(2020) mentioned that the E. faecalis isolates was highly sensitive to Vancomycin
in rate 93.6%. Another study showed that all E. faecalis isolated from urine sample
were sensitive to Vancomycin at rate (96%) (Khalid, 2016). Garcia-Solache & Rice
(2019) were mentioned that enterococci are thought to be susceptible to vancomycin,
and are considered intrinsically resistant to clindamycin, quinupristin-dalfopristin,
cephalosporins and aminoglycosides. Hasan et al., (2011) revealed that the highest
susceptibility of enterococcal isolates from UTI infection was toward the
Vancomycin (90.4%).

Unfortunately, Enterococci are intrinsically resistant to many antimicrobials
and easily acquire the high-level drug resistance via horizontal gene transfer.
Resistant Enterococci species, especially vancomycin resistant enterococci may

cause difficulties in treatment (Kang et al.,2019).
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Enterococcus faecalis UTI are of particular concernin that they are intrinsically

resistant to first-line antimicrobial agents, especially vancomycin (Zhenget et
al.,2018).

Vancomycin is regarded as the main treatment option in resistant enterococci
infections. However, we determined the Vancomycin resistance as 1.1% in E.
faecalis isolates (Matheeussen et al.,2019). High VVancomycin resistance rates were
associated with long hospital stays and extended use of antibiotics (Lee et al.,2018).

The main mechanism of glycopeptide resistance (e.g., vancomycin &
teicoplanin) in enterococci involves the alteration of the peptidoglycan synthesis
pathway, specifically the substitution of D -Alanine -D -Alanine (D -Ala -D -Ala),
to either D -Alanine -D -Lactate (D -Ala -D -Lac) or D - Alanine -D -Serine (D - Ala
-D -Ser) (Reygaert, 2018). Vancomycin resistance is an acquired resistance mediated
by transposons or plasmids in bacteria, and these can develop in hospital wards that
regularly use the drug and initiate serious infections (Giulieri et al., 2020).
Vancomycin resistant enterococci (VRE) have been reported as a leading cause of
outbreaks of hospital-acquired infections and in ICU-hospitalized patients (Said and
Abdelmegeed, 2019). Many studied reported that more than (70%) of E. faecalis are
resistant to macrolides, fluoroguinolones, and aminoglycosides. This high level of
resistance not only hinders successful therapy but also allows the microorganisms to

persist in the hospital, expanding its reservoir (Bortolaia et al., 2016).

However, this study revealed (6.6%) of E. faecalis was resistant to
Teicoplanin, this result agreed with another study by Maha, (2022). Kutlu, (2019)
was shown that teicoplanin resistance was very low in E. faecalis (9%) was the most
active agents against this species isolates. Al-Dahmoshi et al.,(2019) were shown
that E. faecalis was shown different resistance percentage as ciprofloxacin (60.71%)
vancomycin (46.43%), and teicoplanin (25%).
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The resistance of E. faecalis against nitrofurantoin was 87%, this result is

consistent with data obtained by Seenaa, (2020), the highest rate of resistant was to
Nitrofurantoin, 89.3%. While, Kalid (2016) who found a high resistance of E.
faecalis to Nitofurantoin (100%). Also the results by Dicks et al., (2011) who were
found that strains of E. faecalis were resistant to Nitofurantoin in rate (100%).
Nitrofurantoin's mechanism of action has remained poorly understood since its
discovery in the 1940s. Nitrofurantoin uses several mechanisms to achieve an
antimicrobial effect. Nitrofurantoin is taken up by bacterial intracellular
flavoproteins that reduce nitrofurantoin to reactive intermediates. Intermediate
metabolites resulting from this reduction then bind to bacterial ribosomes and inhibit
bacterial enzymes involved in the synthesis of DNA, RNA, cell wall protein
synthesis, and other metabolic enzymes (Giedraitiene et al.,2022). The broad-based
mechanism of action may explain the lack of acquired bacterial resistance to
nitrofurantoin. However, mutations in nfsA and nfsB are potential causes of

nitrofurantoin resistance in E. coli (Wan et al.,2021) .

Due to this ability to recruit antibiotic resistance determinants, MDR
enterococci display a wide repertoire of antibiotic resistance mechanisms including
modification of drug targets, inactivation of therapeutic agents, overexpression of
efflux pumps and a sophisticated cell envelope adaptive response that promotes
survival in the human host and the nosocomial environment (Miller et al., 2014).

Erythromycin has been recommended as an alternative option for patients
who are allergic to penicillin and are also widely used for antibiotic prophylaxis of
endocarditis associated with dental procedures (Bagg et al., 2006). In this study, the
results revealed that (80%) of the isolates were resistance to Erythromycin. A
another study by Al-Dahmoshi et al., (2019) found that E. faecalis was shown
resistance to erythromycin (85.71%).
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The high number of strains resistant to erythromycin may suggest some of the

mechanisms, the presence of efflux pumps specific for erythromycin, and suggests
the greater resistance mechanism for the enterococcal genus, another mechanism
could be mediated by erm methylases of the ermBermAM hybridization class that
has been described in Enterococcus isolates ( Huys et al.,2004).Enterococci have
emerged as important nosocomial pathogens and emergence of resistance to many
of the antimicrobials used for Gram-positive organisms has made the management

of infections due to Enterococcus species difficult (Praharaj et al., 2013).

Our study revealed that (93%) of E. faecalis isolated from the clinical samples
was resistant to Imipenem. Sharqi et al.,(2021) showed that E. faecalis isolated from
varies clinical samples(urine, faeces, burns, wound and sputum)was resistance to
ciprofloxacin, Imipenem and Piperacillin. Al-Sa’ady, (2019) found fully sensitivity
(100%) was reported against imipenem (IPM) for all isolates of E. faecalis. This
very high sensitivity can be attributed to the fact that carbapenems (IPM) are the
effective antibiotic because it is broad-spectrum antibiotic, and it has -lactam ring
that has resistance to hydrolysis by most B-lactamases. Imipenem acts as an
antimicrobial through the inhibition of cell wall synthesis of various grampositive
and gram-negative bacteria. This inhibition of cell wall synthesis in gram-negative
bateria is attained by binding to penicillin-binding proteins (PBPs). imipenem has
shown to have the highest affinity to PBP-2 PBP-1a and PBP-1b .This inhibition of
PBPs prevents the bacterial cell from adding to the peptidoglycan polymer which

forms the bacterial cell wall eventually leading to cell death (Nicolau et al.,2008).

Imipenem is active against aerobic and anaerobic Gram positive as well as
Gram negative bacteria including Pseudomonas aeruginosa and the Enterococcus. It

exerts a bactericidal effect by disrupting cell wall synthesis (Brunton et al.,2018).
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The present study revealed (6.6 %) of E. faecalis was resistance to

Piperacillin. Carbapenem (Piperacillin) resistance may also be mediated by the loss
or alteration of porin channels, the expression of efflux pumps, or penicillin-binding
protein (PBP) modification (Kotov et al.,2021).

Finally,this study revealed (86.7%) of E. faecalis was resistant to rifampin .
Astudy by Noroozi et al., (2022) where found that E. faecalis was shown resistance
to rifampin (69.6%). While, Alduhaidhawi et al.,(2022) showed that E. faecalis
isolated from varies clinical samples was resistance to rifampin in rate (9.4%).
Mechanism of action Rifampin is thought to inhibit bacterial DNA-dependent RNA
polymerase, which appears to occur as a result of drug binding in the polymerase
subunit deep within the DNA/RNA channel, facilitating direct blocking of the
elongating RNA (Campbell et al.,2001). This effect is thought to be concentration
related (Boeree et al.,2015). The high propensity of enterococci to acquire and
express new resistance determinants further enhances their ability to sustain
antimicrobial resistance, promoting gastrointestinal colonization and nosocomial

infections by antibiotic-resistant enterococci (Rice, 2001).

Many studies have confirmed that colonizing strains of enterococci serve as
reservoir for antimicrobial resistance genes, which are capable of being transferred
among enterococci or acquired by other bacteria (Schjgrring and Krogfelt, 2011;
Boehm and Sassoubre, 2014). High-density colonization by antimicrobial-resistant
enterococci increases the risk of infections such as bacteremia (Lebreton et al., 2014;
Tedim et al., 2015).
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3.6 RAPD - PCR genotyping of Enterococcus faecalis isolates :

Genetic variation in microorganisms lead to several phenomena that are
clinically very significant and demanding . In present study ,genomic DNA from the
isolated E. faecalis (n=15)including 6 isolates from urine, 5 isolates from wound &4
isolates from vagina , were extracted ,& the purity of the DNA was confirmed using
nanodrop .The purified bacterial DNA was used as the template for the analysis of
E. faecalis clonal diversity by RAPD — PCR..

So ,the development of a methodology to identify the source of bacteria is important
for assessing of the risk pose to public heath associated with bacteria evolution to
determine degree of genomic diversity .

In this study , genotypic polymorphism and the relatedness of 15 E. faecalis
isolates from urine ,wound & vagina were characterized by RAPD analysis with
M13 primer.

Based on the result of clusters and discriminate function analysis, the length
sequence & composition of the sequence in the genome are variable & often unique
for each isolate ,since the PCR reaction it was indicated fingerprints for all E.
faecalis isolates using M13 RAPD primer from E. faecalis performed the complex
DNA patterns . molecular typing of E. faecalis isolates using M13 primer generated
7-14 bands ranging from 95-3000 bp can be differential by agarose electrophoresis

as shown in figure (3-4) .
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Fig. (3-4): The RAPD-PCR gel products representing the relationship among 15 of
Enterococcus faecalis in patients with different sample sources. Lanes 6-20 are studied
isolates, Lane M is 100bp DNA ladder .shown (6,7,8,9,10 wound, 11,12,13,14 vagina,
15,16,17,18,19,20 urine)

In the present study, the M13 RAPD primer showed that DNA polymorphism
among E. faecalis isolated from clinical specimens, either in the occurrence of
amplified fragments or in the variable genetic similarities of each isolate with the
others. Despite the fact that they should display narrow and low variation due to the
genomic structure of the E. faecalis species and the structure of the 10mer-RAPD
primers. Eventually, the fluctuation of genetic similarity values each of the 15
isolates with others using the primer evidently revealed the divergent genetic
backgrounds of such isolates with their DNA polymorphism patterns. The results
revealed that the 15 isolates were genetically different, furthermore, primer M13
showed high polymorphism. However, the present study on RAPD analysis revealed
that, there were some bands which are common in all the specimens and some were
not evident.

The 15 E. faecalis isolated could be divided into 10 genotypes by M13 RAPD
primer this finding may show different origins of E. faecalis isolates of the present

survy .

78



Chapter Three Results and Discussion

The cladogram of genetic distance among all the isolated based on fragment
polymorphism generated by RAPD — PCR after using the primer M13 by using
UPGMA was shown in figure (3-5).
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Fig. (3-5):The RAPD-PCR-derived cladogram showing the relationships among 15
different strains of Enterococcus faecalis in patients with various sample sources The
distance values are shown in the bar (above). Unweighted pair group method with
arithmetic mean was used to create this cladogram (UPGMA). (6,7,8,9,10 wound,
11,12,13,14 vagina, 15,16,17,18,19,20 urine).

e

The cladogram divided all isolates (15) in to two clusters . First cluster (A)
conteined only one isolate (EF17) and the second cluster (B) contained 14 isolates ,
divided the 14 isolates in to two sub clusters , the first sub cluster divided in to two
branches , the first branch divided more to two sub branches . one contained two
isolates (EF 12 & EF 13).0On the other hand the second contained eight isolates
(EF6,EF7,EF8,EF9,EF10,EF11,EF14,&EF15).The second branch contained only
one isolate (EF16) .Morever ,the second sub cluster contained three isolates
(EF18,EF19,EF20).Cluster (B) showed close genetic linkage &the same genetic

distance between some isolates therefore displaying clonal dissemination. Their
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close genetic relationship based on the dissimilarity coefficient indicated a low
genetic variability between them.

Cladogram branch lengths were proportional to genetic distance between
isolates. Phylogenetic comparisons of E. faecalis isolates from different
geographical regions have been useful in taxonomical and epidemiological
investigations.

Genetic identify and genetic distance values among all isolated based on
fragment polymorphisms generated by RAPD — PCR are present in table (3-3) .the
highest similarity value (1:00) was found between (EF 6 &EF 7) ,(EF8 &EF 9) and
the lowest value (0.35) was found between (EF 19 &EF 17),(EF 18 ,EF 13),(EF
10&EF 16). All the other show intermediate similiarity percentage between highest
and lowest percentage. It should be noticed that some of isolates show lowes
similarity percentage &this confirmed the different genetic background between 15
E. faecalis clinical isolates under the present study . The similarity between different
isolates like vagina & urine, vagina &wound because nosocomial infection that

taken from hospital patients.
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Table (3-3) Similarity Matrix of 15 studied EF isolated according to RAPD assay. Similarity
differences were illustrated above by color of conservation. (6,7,8,9,10 wound, 11,12,13,14
vagina, 15,16,17,18,19,20 urine)
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The distribution of isolates with various origin was random in RAPD clusters.

This may indicate some role of a disease host in selecting for specific types or some

genotypes causing clinical infection .it is interesting to note that these isolates

clustering in togather in RAPD analysis were isolated from patients suffering from

different disease (UTI, vaginitis &wound infection ).

The result suggest that the selected enterococcal isolates have a clonal

distribution between them &there for have high & low genetic diversity & may
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belong to the same source of infection. The result indicate that these isolates are very

closely related &hence have clonal relationships between them.

The almost identical RAPD patterns indicate that the selected isolates are very
closely related to each other or may belong to genetically similar isolates.
However, the cluster analysis program were generated some genetically distant
isolates with a difference at the gene level from different bacterial source such as
urine, vagina, &wound infection based on RAPD-PCR pattern similarity. The
genetic diversity of chromosomal DNA may be explained by difference in the
banding patterns among the isolates .

E. faecalis isolated from same source were clustered in to different groups
,and had cross with other isolates source .On the other hand ,the result revealed that
some isolates in cluster style which can be classified in distint mode .

Isolates from the different source were found to cluster together showing that

despite the habitat separation ,the isolates still shared a same genetic similarities that
have remained unchanged throughout the evolutionary pathway .
The presence of several isolates with the same pattern can be due to the various
reason , such as transferring an isolate from one patient to another patient via hand
contact or from contaminated environment by drinking dirty water or eating food
that is contaminated by stool .

Furthemore , this study showed that the isolates responsible for infection in
the hospital have a shared genetic origin and are genetically related . The similarity
between patterns from different hospitals can be explained by the transfer of patients
between hospital in AL-Hilla .High genetic diversiry among isolates may contribute
to the survival of various enterococci isolate .Hospital procedures or equipment
might have lead to spread of these isolates among admitted patients . Hence , the

knowledge of genetic diversity of bacterial isolates associated with aregion is
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important for finding the source of infection in the case of epidemic and nosocomial

infection .

In the current study, it was found that the genetic diversity in E. faecalis depend
on source of isolation and occurrence of mutants. However, the data acquired in the
present work confirm the wide genotypic diversity of E. faecalis from various clinical
specimens . It is interesting to note that, there was no evident correlation between

the observed strain variability and the specimen from which the isolates originated.

So, the present study reveals that, E. faecalis is not specific for infections. This
clearly shows that, one can’t use the same drug for a particular infection caused by
E. faecalis because of their variation in DNA polymorphism. Therefore further study
on antibiotic sensitivity and sequence analysis would help to devise and prescribe a

better drug for the future.

Genotypic methods are more accurate and faster than the phenotypic ones.
RAPD-PCR is one of the known genotyping methods which has been widely used

in various epidemiological investigations.

Random amplified polymorphic DNA PCR analysis in present study revealed
that the isolates from similar or different hospital has high relatedness in their genetic
linage as reflected in the cladogram clustering of the isolates, to certain extent, there
may be an association between isolates in some of the genetic clusters, but most of
respective isolates were distantly clustered, suggesting along linage of common
origin. Although, the isolates located in the same cluster are isolated from different
source but the results of RAPD give one important evidence on the closed relative

of these isolates.

Although the number of isolates studied was not large, this work has shown

that the specimens collected are highly diverse. This is due either to a dynamic
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evolution of the local strains of the organism or to the continuous introduction of

new isolates from abroad.

Although relatively few specimens were used in the study, the data suggest
that RAPD typing is discriminatory; power for differentiation of E. faecalis isolates
, Itis easy to interpret and constitute a low-cost method to type the various E. faecalis.
These observations revealed that RAPD profile could be best used for finding out
the heterogeneity at the molecular level of E. faecalis isolates in combination with
other molecular and phenotypic typing techniques.

The applied RAPD-PCR method was also reported to be sensitive and
practical for the molecular typing of clinical isolates of E. faecalis (Banerjee et al.,
2013; Emaneini et al., 2016).

RAPD-PCR analyses are a widely accepted and reliable tool for
differentiating and identifying enterococci (Domig et al.,2003). For example,
(Monstein et al.,1998) described its reliability for differentiating and identifying
enterococci.

Many fingerprinting methods have been applied to study the microbial
biodiversity. RAPD and RFLP have been shown to be reliable tools for microbial
identification and typification (Sambrook et al.,2005; Martin-Platero et al., 2009).
However, grouping of the same strains in different clusters based on the employed
techniques has also been previously reported (Martin-Platero et al.,2009; Zoletti et
al.,2011).

Ahmad et al., (2014) RAPD-PCR was used to characterize 35 selected strains
of E faecalis producing a total of 23 RAPD unique profiles. This result indicated a
high variability of enterococci sub-species diversity among the E. faecalis strains.
The high variability observed is in concert with the findings of another study (Son

etal., 1999) where 19 RAPD-types were reported from a total of 19 tested E. faecum

84



Chapter Three Results and Discussion

isolates. In a microbial source tracking attempt by (Martin et al.,2009), over ninety

RAPD-types were reported albeit based on a library of 596 enterococci isolates.
RAPD is an inexpensive, efficient, and sensitive alternative typing method for

recognizing genetic differences between closely related bacteria.

However, its application has a number of limitations. Such problems with
reproducibility and discriminatory power, are surmountable by precise optimization
procedure allowing the achievement of reliable conditions for each species analyzed
(Gzyl and Augustynowkz, 1998). Apart from initial species specific evaluation of
the RAPD working conditions conducted in the study, two main primers (M13 and
D8635) were screened and one retained based on the achievement of stable and
informative amplification patterns for the purpose of discrimination among the

tested E. faecalis strains.

A number of studies have also adopted RAPD-PCR as an important tool to
indicate patterns of niche-specific associations of enterococci strains and to provide
evidence that enterococci sub-species associate with specific environment (Son et
al, 1999; Anderson, 2005; Rathnayake et al, 2011).

3.7 Multilocus sequence typing of E. faecalis :

One of the new and valuable diagnostic techniques in molecular
epidemiologic investigations is multilocus sequence typing (MLST) for the typing
of multiple loci. In this technique, housekeeping genes along with other conserved
genes are analyzed according to the nucleotide variation for the characterization of
bacterial pathogens (Chang et al., 2016).

The MLST was developed as a scalable typing system to determine the

diversity and phylogenetic relationships of the isolates based on five housekeeping
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genes, and it provide reproducibility, comparability, and transferability between

laboratories.

The sequence data obtained for MLST for determining the population
structures analyzing the extent of linkage disequilibrium between alleles for
phylogenetic relationships between 15 isolates. Gel electrophoresis for each gene

shown in figure(3-6).
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Fig. (3-6) :1% agarose gel electrophoresis for housekeeping genes for 15 E. faecalis isolates.

To identify each locus accurately ,it was used sequence method .For all isolate
,the five gene were successfully sequenced and analyzed by MLST ,Polymorphic
site ,GC content ,K (rate of nonsynonymous (dN) ,synonymous (dS) substitutions
and the nucleotide diversity for each locus (pepC, clpX, recA, rpoB, & groEL)were
determined as shown in table (3-4)

Table (3-4). Nucleotide and allelic diversity of the 5 housekeeping genes evaluated

Locus Size  Alleles Polymorphic GC Nucleotide k Codon

(bp) sites content  Diversity Bias

(%)
pepC 572 4 5 35 0.00117 0.66667 0.466
clpX 619 4 8 37 0.00300 1.848 0.413
recA 557 2 2 43 0.00048 0.26667 0.605
rpoB 565 7 22 40 0.00999 5.55238 0.336
groEL 479 4 8 40 0.00522 2.47619 0.919

k : Average number of nucleotide differences.

The mean GC content of sequnces of five gene fragments ranged from
35%(pepC) to 43%(recA) :Trimmed fragment size of the five selected loci ranged
from 479 bp (groEL)to 619 bp (clpX).The nucleotide diversity ranging from 0.00048
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to 0.00999 per gene . Moreover , the number of polymorphic site per locus ranged
from 2 (recA) to 22(rpoB) and harbored a total of 45 SNP.

The proportion of nucleotide substitution that changed the amino acid
sequence (nonsynonymous base substitution [dn] and the proportion that did note
synonymous base substitution [ds]) were calculated the ratio (dn/ds) measure the
level of selection in a protein coding gene. The ratio of dn/ds indicates purifying
selection if dn/ds <1, positive selection if dn/ds >1. However, the high ratios of
nonsynonymous to synonymous substitution indicat a role for diversitying selection
these loci ,and the dy/ds ratios which indicated negative selection were determined
to be less than 1 for the pepC & recA genes while were determined to be more than

1 for the clpX, rpoB &groEL genes which have indication of positive selection .

MLST protocal had sufficient discriminatory power to type isolates within
asingle species , it was analyze sequence diversity of five housekeeping genes from
Is E. feacalis isolates . four loci had low polymorphism (pepC, clpX, recA, & gerEL
loci) indicated that they had similar sequence at the species level . The rpoB had 22
sites suggesting recombination was evident &representing a significant source of
genetic diversity of E. faecalis , fifteen E. faecalis isolates were typed using MLST
protocol.In present study, MLST was used to explore the population structure &
evolution of 15 E. feacalis isolates from different clinical specimens which may
provide better information concerning their biological properties. To initiate analysis
,the sequence diversity of the 5 housekeeping genes was calculate . This step was
carried out to measure whether these selected loci had sufficient typing
discrimination. the number of alleles in these gene loci ranged from 2 to 7 compared

with nucleotide sequence diversities reported in E. feacalis.

E. feacalis housekeeping genes have similar but low nucleotide diversity values

in general, reflacting that these genes are conserved.
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According to allelic profile it was found that the presence of allelic variant (SNP,

insertion, or deletion) between isolates. In the case rpoB was more variant or mutant
than other 4 housekeeping genes, contrary to the recA which was the least variant.
The gene chosen for the present MLST scheme seem to be representatives of the

general polymorphism seen in housekeeping genes of E. feacalis.

The polymorphic sites found in the present sequence data might therefore be
useful in the development of a molecular bacterial typing scheme based on detection
of single nucleotide differences.Isolates could be divided into 15 ST using combined

data from S loci as shown in table (3-5).

Table (3-5): Allelic profiles based on 5 housekeeping genes from all isolates of Enterococcus
faecalis evaluated

Sequence Sample N. rpoB recA pepC groEL clpX
type
1 20-EF 1 1 1 1 1
2 17-EF 1 1 1 1 2
3 15-EF 3 1 1 1 2
4 10-EF 2 1 2 3 2
5 11-EF 2 1 1 3 2
6 9-EF 6 1 1 3 1
7 12-EF 5 1 1 2 3
8 18-EF 1 1 2 3 4
9 7-EF 4 1 2 3 2
10 16-EF 6 1 2 1 2
11 19-EF 2 2 1 3 3
12 6-EF 5 1 2 3 2
13 8-EF 6 1 1 3 2
14 14-EF 7 1 4 2 2
15 13-EF 7 1 3 4 2

In MLST different sequence at each locus are assigned with specific allelic
profile and assigned as a sequence type which is the unambiguous descriptor of the
strain. To our knowledge, this is the first study report describing the development
and use of MLST of E. feacalis to characterize this important human pathogen in
Irag. The present study ST (ST1 to ST15) were detected, these could be unique to
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the region, further analysis, possibly sequencing the gene of these strains could help

to define the characteristics of these ST.

However the variation between this study and other studies due to the limited
number of isolates, or may be due to increased travel or undergoing natural
accumulation of sequence variation in housekeeping genes. Moreover, isolates
obtained from diverse geographical locations, and during extended periods of time

may give more genetic variability.

The DNA sequence of each of the five genes were analyzed by the maximum
likehood method to be well suited for determination of phylogenetic relationships
among E. feacalis isolates the housekeeping genes are assumed to be suitable for a
population genetic study.

Phylogenetic relationships among E. feacalis isolates were shown in figure
(3-7), the DNA sequence were aligned and analyzed for each gene fragments. The
phylogeny of these ST, an MLST phylogenetic tree of all the E. feacalis strains was
inferred maximum like hood approach from concatenated sequence. All E. feacalis
isolates showed polyphyletic lineage and revealed three distinct clusters, cluster A
contain one isolate (13EF), cluster B contain one isolate (14EF) and cluster C contain

13 isolates, and this cluster was divided into subclusters.
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Fig. ( 3-7): Circular phylogenetic analysis based on concatenated sequences of 5
housekeeping genes from 15 Enterococcus faecalis isolates by maximum likelihood method,

and comparison with the concatenated Reference sequences (NC_004668).

The phylogenic relationship between bacterial organism, potential problems
associated with its ability to resolve the relationship between closely related sp. due

to an extremely low rate of natural mutation.
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The present finding provided strong evidence that E. feacalis strains possess

a high level of temporal stability and phylogeographical structuring, supported
largely by the phylogeographical signals observed in the phylogenic tree. However,
the phylogeny tree for each gene was shown in appendix (1).

Splite decomposition analysis was performed on each locus separately and on the

concatenated sequences of all ST ,as shown in the split graphs figure (3-8).

0.007

16-EF

13-EF

reference

18-EF

8-EF

Fig. (3-8): Split-decomposition analysis based on concatenated sequences of 5 housekeeping
genes from 15 Enterococcus faecalis isolates and comparison with the concatenated
Reference sequences (NC _004668) . Note: multiparallelogram formations indicate
recombination events.

The split graphs for clpX , groEL & rpoE revealed network like with
parallelogram structures indicating that intergenic recombination had occurred
during the evolutionaty history of these genes . However, the split graphs of pepC
&recA are tree like structures suggesting that the descent of these genes was clonal

and absence of recombination. The split decomposition analysis of combined five
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MLST Loci display network like structure with rays of different length as shown in

figure (3-9).
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Fig. (3-9): Split-decomposition analysis based on cplx , groEL, pepC, RecA, rpoB gene
sequences of 5 housekeeping genes from 15 Enterococcus faecalis isolates. Note:
multiparallelogram formations indicate recombination events.
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The 15 STs representing all isolates divided into subpopulation was

completely disconnected. Split decomposition analysis based on the allelic profiles
of isolates have provided evidence of recombination that play a role in generating

genotyping diversity among isolates.

In this study, tree like structures or parallelogram. Shaped structures were
commonly found in the split graphs for all the five housekeeping genes evaluated,

illustrating that recombination had occurred in these MLST loci.

eBURST is an algorithm that can identifies groups of closely associated
sequence types from MLST data. It was used to analyze the possible similarity,
variability and evolutionary relationships among different ST types of E. faecalis in
the present study. The genetic backgrounds were found to be diverse among the STs
identified in the present study. As shown in figure (3-10) 2cc(ccl&cc2) were
observed for the 15 ST. Among the 2 cc, ccl was the largest and comprised 8 link
ST, namely ST1, ST3, ST2, ST5, ST7, ST11, ST13 & ST6. These included four
isolates from urine, two isolate from vagina &two isolates from wound. Clonal
complex 2, representing 7 ST, which includes two isolate from urine ,two isolates
from vagina &three isolates from wound .Therefore ,it is unsurprising that the
relationship between the isolates from clinical different source was closely related.
Often, only some isolates of the same source or location were clustered to gather,

whereas the rest were dispersed across other clusters.
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Fig (3-10): Comparative eBURST analysis showing the clonal assignment and the relative
distances of the identified STs

The sequence of fragments of five housekeeping genes from 15 of E. faecalis
isolates provide data that can be used to address aspects of the population &

evolutionary biology of the species.

E. faecalis frequent horizontal DNA exchange has eliminated the
phylogenetic signal in each housekeeping gene. We determined the degree of allelic
variations in five housekeeping genes of E. faecalis by using a sample of 15 isolates
originated from different clinical specimens. The degree of isolates differentiation
by MLST appear adequate for use in epidemiological investigation, as the number
of different types obtained by MLST. Single locus phylogenetic tree were
noncongrunent , suggesting that recombination plays a role in the generation of

diversity of E. faecalis population .MLST was performed for only 15 isolates to
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determine the STs due to its high cost &labor intensive. The high genetic variability

amongst enterococci isolates in this study provides some information on the local

dissemination and genetic relatedness.

The MLST was developed as a scalable typing system to determine the
diversity and phylogenetic relationships of the isolates based on five housekeeping
genes, and it provide reproducibility, comparability, and transferability between
laboratories.

Most previous studies showed that MLST was useful to accurately identify
bacterial lineages, but few studies have considered the relationships between isolates
&their source. In this study, we used MLST to type E. feacalis isolated from different
clinical specimens and look for relatedness to isolates that were pathogens. These
representative isolates were unique in their diversity of sources and provide some
necessary information required to understand genetic diversity persistence &

movement in this species.

Results of this study indicates that the majority of E. feacalis studied may have
descended from ancestor that exist many years ago. However, genetic variation in

pathogen population is a major barrier to disease control.

MLST as a tool for epidemiological studies to investigate the evolutionary
pathogen and clonal lineages of bacteria. MLST differentiated strains into sequence
of 5 housekeeping genes with appropriate level discrimination using allelic
differences.

The study was showed the genetic relationships between the E. feacalis
clones. The presence of dominant clone in the samples of hospital showed the

presence of shared infection source among the patients.
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The genetic diversity among these strains may be related to gene deletion,

insertion, duplication, within-patient mutations, or high rate of horizontal gene
transfer mechanism.

Although the number of isolates studied was not large, this work has shown
that the specimens collected are highly divers. This is due either to a dynamic
evolution of the local strain of the organism, or to the continuous introduction of
new isolates from abroad. This study provide valuable information that is important
for the understanding of the poor adaptation of E. feacalis with uncommon STs,
which may otherwise be capable of disseminating globally.

The data of this study have public-health implication, where the high
diversity and emergence of a new clone of E. feacalis in Babylon province calls
attention for the epidemic and the recognition of the strains with new clones that
could protrude in the future, that in turn very important for understanding the
evolution.

The high genetic variability amongst enterococci isolates in this study

provide some information on the local dissemination & genetic relatedness.
MLST is based on allelic variation in housekeeping genes, and while it monitors
change over just a small portion of the genome, its highly discrimination and
provides insight into genetic structure. Also, it reveals highly detailed information
on genetic changes in specific housekeeping genes, and thus provides direct insight
into evolutionary changes of the core genome. In addition, MLST proved useful for
detection of novel and previously known strain and for inferring relatedness among
isolates.

Generally, molecular typing methods are intended to tackle two different
levels of epidemiological problems, which reflect different insights toward solving
a local or global epidemiology in different timeframes. In one hand localized

outbreak of disease in a short period of time should be assessed and on the other,
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relation between strains causing a disease in one geographic area with those

observed around the world during a longer period would be investigated. These two
different conceptual views demand different appropriate scheme of molecular
typing, so that isolates recorded in same molecular type are likely to be descended
from a younger ancestor and those belonging to more distant ancestors are expected

to differ in type unless a relative higher clonal population would be under study.

High diversity in recA alleles and evidence for frequent recombination at this
locus has been observed in previous studies (Han et al., 2014; Chen et al.,2015).
While study by Sun et al., (2015), Were found that the housekeeping loci are all

under negative selection.

This result was similar to that of previous studies. Ruiz-Garbajosa et al.,
(2006) provided evidence that recombination was an important mechanism driving

genetic variation in the E. faecalis isolates they evaluated.

MLST scheme provides an excellent tool for investigating local and short-
term epidemiology as well as global epidemiology, population structure, and genetic

evolution of E. faecalis (Ruiz-Garbajosa et al .,2006).

It is true that the incorporation of virulence genes, as described in the
previous E. faecalis MLST schemes (Nallapareddy et al.,2002; Nallapareddy et
al.,2005), may improve epidemiological resolution. Nevertheless, selection on these
genes may also obscure patterns of evolutionary descent in phylogenetic studies.
Furthermore, adding rapidly evolving genes, like virulence genes, identifying
microvariation may lead to a scheme that is too discriminatory for long-term and
global epidemiology, since it may reduce the capability of grouping isolates with
common features (e.g., hospital-adapted clones) from different time periods and

continents in common globally distributed lineages. E. faecalis obtained from
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different epidemiological sources (hospitalized patients and community) frequently

shared identical STs and grouped together in common complexes. Despite this
alleged random dispersion of human clinical and surveillance isolates, two of the
major complexes (CC2 and CC9) contained almost exclusively hospital-derived
isolates, suggesting they were well adapted to persist in the hospital environment
(Nallapareddy et al.,2005).

The data resulting from the application of MLST to explore the population
structure of E. faecalis reveal an epidemic structure where recombination plays an
important role and two major hospital-adapted CCs have emerged. However,
more studies are needed to improve our understanding of the population biology and
the mechanisms involved in horizontal genetic transfer and recombination in E.
faecalis. With this MLST scheme, comparison of population structures of different
enterococcal species is becoming a reachable objective that should provide new
insight into the evolutionary history of this important group of bacteria (Ruiz-
Garbajosa et al .,2006).

eBURST is an algorithm that can be used to subdivide MLST data into
nonoverlapping groups of STs with a user-defined level of similarity in their allelic
profiles (Feil et al.,2004). The most stringent definition of an e BURST group, where
all STs assigned to the same group must share alleles at least five of the seven MLST
loci with at least one other ST in the group, identifies clusters of closely related
genotypes that are considered to be descended from the same founder and that are
defined as clonal complexes (Feil et al.,2004).

The total number of STs within each clonal complex identified by eBURST
was rather low and probably reflects sampling strategy. In general, eBURST may
identify few clonal complexes, and few large clonal complexes, in populations
where sampling has largely been designed to uncover the genetic diversity within
the species (Spratt et al.,2001).
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eBURST analysis of MLST datasets of highly recombinogenic species results

in asingle large straggly eBURST group, which results from the incorrect linking of
unrelated groups of strains (Turner et al.,2007).

In particular, the Multilocus Sequence Typing (MLST) is an ordinary typing
method that is based on the characterizing bacterial species via sequencing of
internal fragments of multiple housekeeping genes. Usually, seven housekeeping
gene evaluate by the MLST method via the internet (Kalia et al.,2001;Willems et
al.,2001). In this process, each sequence of internal fragments compares with the
other alleles that they were already characterized. Then, each sequence classified at
one of those seven housekeeping genes category. Ultimately, by the combination of
obtained data, the allelic profile will be construct and each distinct profile consider
as absolute sequence type.

In a study by (Ruiz-Garbajosa et al.,2006) in 110 different E. faecalis, 55 STs
were obtained that showed the diversity of samples and low possibility of common
accient in E. faecalis. Other study by Zalipour and collegues (2002) in Isfahan,
among 53 E. faecalis isolates, 8 different STs obtained that ST 6 and 422 were
dominant. Nallapareddy and et al.,(2002) were demonstrated among 22 different E.
faecalis, 13 STs were obtained that showed the diversity of isolates.

Diverse STs of E. faecalis, including strains associated with common
nosocomial infections are circulating in the healthcare facility of Saudi Arabia and
carried multi-drug resistance, which has important implications for infection control
(Muhammad et al.,2019).

Different allelic profile in our isolates showed a decrease of possiblity of
samples to be from a clonal lineage. So, elaborating the relationship among the E.
faecalis isolates from different hosts is becoming increasingly important. The ability

for E. faecalis to jump into different host types is a major threat to public health.
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The high genetic variability amongst enterococci isolates provides some
information on the local dissemination and genetic relatedness, as well as the

antibiotic patterns of our enterococcal isolates (Poh LengWeng et al.,2013).

3.8 Clustered regularly interspaced short palindromic repeats
(CRISPRS):

In this study , we determined the occurrence of CRISPR loci in E. faecalis
isolated from different infectious source (urine ,vagina &wound) . The distribution
& the frequency of three different CRISPR- cas elements in Enterococcus faecalis
isolates is presented in table (3-6) & figures (3-12)(3-13) .

Table (3-6): Identification of Crisper I, Crisper 11 and Crisper I11 of E. faecalis in all studied
samples

Results Crisper | Crisper Il Crisper 111 P value
N (%) N (%) N (%)

Positive 3 (20) 8 (53.3) 5 (33.3) <0.0001*

Negative 12 (80) 7 (46.7) 10 (66.7)

Total 15 15 15

* represent a significant difference at p<0.05.
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2000bp

1000bp

Fig. (3-12) :ldentification of CRISPR1 — Cas genes of E. faecalis in patients with different
sample sources.

Fig. (3-13) :Identification of CRISPR2 — Cas genes of E. faecalis in patients with different
sample sources.
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Fig. (3-14) :ldentification of CRISPR3 — Cas genes of E. faecalis in patients with different
sample sources.

Over all , CRISPR2 was identified in 8(53.3%) of the isolates followed by
CRISPR3- Cas and CRISPR1 — Cas (33.3 & 20% respectively ). The current study

was demonstrated that the presence of CRISPR loci was variable among E. faecalis

isolates . The isolates were more likely to harbor orphan CRISPR2 than CRISPR1 —
cas & CRISPR3 - Cas.

Difference in the distribution and the frequency of CRISPR (CRISPR 1 — Cas,
CRISPR2, & CRISPR3 - Cas) in different clinical isolates of E. faecalis were
observed in table (3-7) .
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Table (3-7): Identification of Crisper 1cas, Crisper 2 and Crisper 3 Cas genes of E. faecalis

in patients with different sample sources.

Sample Crisper | Crisper Il Crisper IlI
Sources N (%) N (%) N (%)
Wound 0 (0) 1(12.5) 1 (20)
Vagina 1(33.3) 3 (37.5) 2 (40)
Urine 2 (66.7) 4 (50) 2 (40)

P value 0.001* <0.0001* 0.018*
Total 3/15 8/15 5/15

* represent a significant difference at p<0.05.

The presence of CRISPR loci among the UTI E. faecalis (8) isolates was higher
than for vagina (6) isolates & wound (2) isolates which were multidrug resistance
isolates. The reason of higher presence of CRISPR loci among UTI isolates is not

clear but could confer antibiotic resistance to them.

Alduhaidhawi et al.,(2022) were revealed the incidence of 50.0%, 78.0%, and
36.0% for CRISPR1, CRISPR2, and CRISPR3 in E. faecalis isolates, respectively.
In a previous report by Gholizadeh et al.,(2020) from Iran, the attendance of
CRISPR1-cas, orphan CRISPR2, and CRISPR3-cas was seen in 13%, 55.3%, and
17.4% of clinical E. faecalis, respectively. Also, in another study from Iran, the
prevalence rates of 53.4%, 17.7%, and 10.4% were reported for CRISPR2,
CRISPR3, and CRISPR1 in E. faecalis isolates from urinary tract infections (UTI)
and dental-root canal (DRC) samples (Gholizadeh et al.,2021). These discrepancies
Iin our & other results of various studies can be due to the sample size, the source of
the sample collection, and the technique used in the screening of CRISPR-Cas
systems.

Palmer et al., (2010); Hullahalli et al., (2017) suggested that CRISPR2 is
functional for sequence interference and is functionally linked to CRISPR1-Cas or
CRISPR3-Cas. Several studies have reported that CRISPR loci play an inverse role
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in some virulence factors and acquisition of antibiotic resistance (Palmer &
Gilmore.2010; Lindenstrauf3 et al.,2011; Burley & Sedgley,2012), such as, reporting

that CRISPR loci were inversely associated with antibiotic resistance and some
virulence factors in E. faecalis strains. demonstrated that CRISPR-cas could prevent

the acquisition of antibiotic resistance genes in E. faecalis and other bacteria.

orphan CRISPR2 is found in all E. faecalis strains, but the presence of
CRISPR1-Cas and CRISPR3-Cas is varied among strains. In addition, (Palmer and
Gilmore,2010) found that CRISPR1-Cas and CRISPR2 are functionally linked to

each other.

The lack of required functional genes in strains with the CRISPR2 orphan
locus, together with the abundance of antibiotic resistance genes in these strains,
indicates that CRISPR2 alone does not confer immunity in E. faecalis hosts.
Ultimately, a functional analysis of the CRISPR1-cas and CRISPR2 loci will be
required to confirm this hypothesis (Kelli and Michael, 2010).

Mojica et al., (2005) for instance, have suggested that the pathogenicity of
bacteria is largely controlled by conjugative plasmids and bacteriophages on an
evolutionary timescale. As well, those CRISPR spacers that target these mobile

elements might affect bacterial pathogenicity and virulence traits.

An application for CRISPR-mediated toxicity is in the selective depletion of
hospital-adapted strains from heterogeneous populations. CRISPR targeting to
distinguish very closely related strains was first demonstrated in E. coli (Gomaa et
al., 2014).

The CRISPR system is a diverse defence mechanism towards invading
nucleic acids. CRISPR motives are typically located near CRISPR-associated (cas)
genes (Sorek et al.,2008; Koonin & Makarova,2009).
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Distribution of CRISPR-Cas systems differs among isolates from various

settings as well as particular strains and clonal complexes of E.faecalis (Iwona et
al.,2015).

Microorganisms are vulnerable to invasion by mobile genetic elements such
as viruses, plasmids, and transposons. CRISPR-Cas systems are highly adaptive
Immune systems present in most archaea and many bacteria that provide intracellular
protection against these invading genetic elements (Koonin &
Makarova,2009;Makarova et al.,2011).

The correlation between the presence of CRISPR — cas & phenotypic
antibiotic susceptibility was also studied , CRISPR — cas distribution varies among

antibiotic sensitive & antibiotic resistance isolates were shown in table (3-8) .

Table (3-8) :Association between Antibiotic sensitivity and the occurrence of CRISPR-I, 11,

I11 in E. faecalis
Antibiotic Crisper | P Crisper 11 P Crisper 111 P
Present Absent value Present Absent value Present Absent value
E R 3 9 0.333 6 6 0.605 3 9 0.171
S 0 3 2 1 2 1
K R 3 12 ns 8 7 ns 5 10 ns
S 0 0 0 0 0 0
PRL R 0 1 0.605 1 0 0.333 0 1 0.464
S 3 11 7 7 5 9
TEC R 0 0 ns 0 0 ns 0 0 ns
S 3 12 8 7 5 10
LEV R 0 2 0.448 2 0 0.155 0 2 0.283
S 3 10 6 7 5 8
CIP R 3 12 ns 8 7 ns 5 10 ns
S 0 0 0 0 0 0
VAN R 3 8 0.243 7 4 0.185 2 9 0.039*
S 0 4 1 3 3 1
DA R 3 12 ns 8 7 ns 5 10 ns
S 0 0 0 0 0 0
IMI R 3 11 0.605 8 6 0.268 4 10 0.143
S 0 1 0 1 1 0
REF R 2 11 0.255 7 6 0.919 4 9 0.591
S 1 1 1 1 1 1
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NOR R 3 10 0.448 7 6 0.919 4 9 0.591
S 0 2 1 1 1 1
* represent a significant difference at p<0.05. ns: no statistics are computed.

The CRISPR - cas positive E. faecalis showed lower resistance rates against
almost antibiotic in comparision with CRISPR — cas negative E. faecalis isolates.
Overall, CRISPR2 was predominant in almost antibiotic susceptible isolates . The
presence of CRISPR — cas is associated with the absence of some antibiotic

resistance acquired by horizontal gene transfer.

The relationship between CRISPR loci and antibiotic resistance phenotypes and
genotypes may provide new insights into combating infections caused by resistant

pathogens.

E. faecalis strains with CRISPR-cas possess significantly fewer acquired
antibiotic resistance genes than those lacking CRISPR-cas (Kelli and Michael,
2010).

The lack of CRISPR-Cas genes was associated with more antibiotic

resistance rates and multidrug resistance in E. faecalis (Alduhaidhawi et al.,2022).

Notably, the presence of CRISPR-Cas elements was lower in MDR isolates
compared to non MDR enterococci isolates Gholizadeh et al.,(2021) who showed
that CRISPR-cas loci are negatively correlated with antibiotic resistance, as well as
carrying antibiotic-resistant genes in E. faecalis isolates from UTI and DRC
samples. Palmer and Gilmore, (2010); Burley and Sedgley,(2012) ; Dos Santos et
al.,(2020) who were showed that MDR properties among enterococci isolates were
associated with a lack of CRISPR-Cas systems. It is believed that CRISPR-Cas acts
as a barrier to the acquisition of antibiotic resistance genes because most of these
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genes are commonly spread by plasmids in enterococci isolates (Gholizadeh et
al.,2021).

significant association between the absence of CRISPR and the presence of
antibiotic resistance traits in clinical isolates, versus the presence of CRISPR
elements in commensal strains was demonstrated (Palmer and Gilmore,2010). While
CRISPR elements are highly diverse and can only be detected in genome
sequencing, cas genes exhibit homologies and may serve as PCR-detectable markers
pinpointing to active CRISPR elements.

Details are rapidly emerging about the acquisition, mechanisms, and dynamic
evolution of the various CRISPR-Cas immune systems and their associated genes
(Makarova et al.,2011; Terns,2011; Takeuchi et al.,2012). From a clinical
perspective the absence of a CRISPR-Cas immunity system might facilitate cell
survival under certain conditions, eg, by allowing uptake of antibiotic resistance
genes in an antibiotic environment, but could also render the cell more vulnerable to
attack by other selfish genetic elements (eg, phages). Conversely, possession of a
functional CRISPR-Cas system might facilitate survival by way of stabilizing the
genome, while allowing the cell to acquire information about the external
environment via foreign DNA, integrate this information into the genome, and

subsequently pass it on to progeny (Takeuchi et al.,2012).

CRISPR-Cas system is one of the factors limiting the development and
evolution of bacterial antibiotic resistance. (Gholizadeh et al.,2020) CRISPR-Cas is
considered as a natural barrier to horizontal gene transfer and transmission of

antibiotic resistance (Wheatley et al.,2021).

Orphan CRISPR?2 is thought to be inactive due to the lack of associated Cas

proteins. A study revealed most multidrug-resistant Enterococcus faecalis isolates
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lack functional CRISPR-Cas and possess only the orphan CRISPR2 (Price et
al.,2016)

In a study by Price et al.,(2016) demonstrated that the orphan CRISPR2 locus
requires the presence of CRISPR1-Cas from Enterococcus faecalis for genomic

defense against mobile genetic element MGE.

Antibiotic resistance genes are mainly transmitted through HGT (Mclnnes
et al.,2020). The acquired immune system CRISPR-Cas is considered as a barrier to
HGT ( Zheng et al.,2020).

Several studies have shown that the presence of the CRISPR-Cas system is

inversely associated with the incidence of bacterial resistance ( Pursey et al.,2022).

Shuan et al., (2022) the study revealed that the CRISPR-Cas system of
Enterococcus faecalis has a higher carriage rate concluded that CRISPR-Cas system
may hinder the transmission of antibiotic resistance genes, which provides a

reference for the prevention and control of enterococcal nosocomial infection.

109



Conclusions and Recommendation



Conclusions and Recommendation

Conclusions:

The study has reached at the following conclusions:

1. Detection of E. faecalis using D-alanine D-alanine ligase gene more specific
than biochemical test.

2. E. faecalis were shown and have different behavior of resistance against to one
or more of antibiotic.

3. The RAPD method was cheap, affordable & powerful means for microbiologist
to find out relatedness of E. faecalis isolated from different clinical specimensn.
However , this genotype gave a significant assumption for evolution ancestral gene
4. MLST has emerged as an important tool to study the long-term epidemiology
and the population structure and patterns of evolutionary descent. The high genetic
variability amongst enterococci isolates in this study provides some information on
the local dissemination and genetic relatedness, as well as the antibiotic patterns of
our enterococcal isolates.

5. Notwithstanding high discriminatory power, nucleotide changes accumulate in
housekeeping genes in long period of time. That is why the allelic profile of isolates
persists unchanged over a longer timeframe, which make MLST a desirable tool for
global epidemiology.

6. Molecular tool such as CRISPR —Cas may be promising alternative in control of
hospital spread . Isolates that do not have this system are more susceptible to
acquiring resistance.

7. It was found that E. faecalis carry different types of CRISPR-Cas system , the
highest type was CRISPR 2 flowed by CRISPR 3 & CRISPR 1.

8. The presence of CRISPR loci among the UTI E. faecalis isolates was higher

than for vagina & wound isolates which were multidrug resistance isolates.
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Recommendation:

1.

Further global investigations covering more isolates and methods like whole

genome sequencing would be advisable.

. Using the laboratory animals for in vivo study is needed to help clarify the role

of bacterial mutations and genomic rearrangements in E. faecalis infection.
Re-evaluation of antibiotics currently used to treat E. faecalis, especially after
the bacteria have developed resistance to most of them.

Using Real-time PCR to detect pathogen as the main causative agent
depending on the copy number

Further studies can determine the exact role of CRISPR-cas with virulence
factor of E. faecalis .

Detection of mutation ratein E. faecalis through using DNA microarray .
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Appendices

Appendix (1): Phylogram analysis based on (pepC, rpoB, groEL, recA, clpX ) sequences from 15

Enterococcus faecalis isolates by maximum likelihood method.
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