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Summary

Acinetobacter baumanniiis a Gram-negative, opportunistic
pathogen, causing severe infections difficult to treat. Total of (150) clinical
specimens were collected from patients suffering from different infections.

To detect the CRISPR /Cas system in A.baumannii and genotyping
methods for A.baumannii isolates by ERIC and BOX

All clinical specimens were cultured on blood agar, MacConkey agar
and CHROMagar then identification of A. baumannii was confirmed by

biochemical test and vitek 2 system.

The antibiotic sensitivity was carried out using a standerd Kirby -
Bauer method for ten different antimicrobials against A. baumannii.
Followed by biofilm detection by tissue culture plate method.

Moreover, AgTIO, and SWCN-OH effect were examined against A.
baumannii isolates growth and biofilm separately by making five double
serial dilutions at (1/2, 1/4, 1/8, 1/16 and 1/32) form stock solutions
(concentration 1000 pg/ml).

To access the presence of cas gene, DNA were firstly extracted from
all A. baumannii isolates and multiplex PCR was done to amplify six
different cas genes.

For genetic diversity BOX-PCR and ERIC-PCR were done and the
obtain result analyzed using PyElph version 1.4. The dendrograms were
constructed using an unweighted pair group method with arithmetic mean
(UPGMA).

The results indicated that A. baumannii was responsible for 23/150
(15.3percent) of the samples, 12/45 isolates (26.6percent) were identified
from sputum, 5/35 isolates (14.2percent) from burns, and 3/30 isolate
(10percent) from urine, 3/40 isolates (7.5percent) from wounds, And all of
these isolates appear to be resistance for Cefepime (100%) while in case of

other antimicrobial agent the following result appeared, (91%) to
|



Trimethoprim-Sulfamethoxazole, (80%) to Gentamicin, Amikacin, (77%)
to Ciproloxacin, Ceftazidime, Levofloxacin, (73%) to Amoxicillin-
clavulanica acid, and (70%) to Meropenem, , while low resistance
percentage (50%) to Tetracyclin.

In this study all A. baumannii isolates able to produce strong biofilm
formation capacity. So, the effect of AgTIO,and single walled carbon
nanotubes (SWCN-OH) were tested upon its growth and biofilm and the
results showed that there was a highly significant decrease in growth and
biofilm of bacteria after exposure to the double serial dilutions of AgTIO,
and single walled carbon nanotubes nanoparticles, with more effective by
SWCN-OH.

Genetic analyses result which aim to detect cas genes of A,
baumannii were appear that all studied samples contain this gene as
following percentage, for Casl (506 bp), cas2 (196 bp), and cas3 (850 bp)
gene amplicons were found in 5(25%), 3(15%), and 9(45%) of the isolates
respectively. The cas 5 gene was discovered in 3(15%) of isolates, the cas
6 gene in 7(35%) of isolates, and finally the cas 9 gene in 6(30%) of
isolates.

In case of I-F CRISPR-Cas ( Which is belongs to the Type |
system) this gene (~157bp) was identified in 7 out of 20 in different sample
types including: 3(100%) urine, 2(22.22%) sputum, 1(20%) burn and
1(33.3%) wound.

BOX and ERIC-PCR for the detection of phylogenetic diversity of
A. baumannii isolated from different samples, in general, 20 isolates
characterized using the two molecular techniques had comparable number
of bands with some degree of polymorphism. The two molecular
techniques generated 2 main clusters and the results of dendrogram of these
techniques reveals that 20 polymorphic variants between A. baumannii
clinical isolates detect by ERIC and BOX PCR.



In conclusion, our data exhibits an association between virulence
determinants and biofilm formation among Iragi MDR A. baumannii
strains and these data help to understand bacterial resistance and
establishing in Iragi hospitals. In addition to effectiveness of nanoparticles
that may help in future to control spreading after other enrichment

experimental supplementary studies.
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Chapter One Introduction and Literatures Review

1.1 Introduction
Acinetobacter baumannii is an opportunistic Gram-negative

bacterium considered one of the most prevalent pathogens associated to
nosocomial infections, especially among immunocompromised patients. Its
ability to survive in hostile conditions, its high level of intrinsic and
acquired antimicrobial resistance and the ease with which it spreads within
and between health care units worldwide has made A. baumannii a

successful pathogen in hospital settings(Hamidian and Nigro, 2019).

A. baumannii is primarily associated with wound and burn infections
and ventilator associated pneumonia but is also an important cause of
urinary tract infections and nosocomial bacteremia (Ramirez et al., 2020).
infections caused by this organism are often found in intensive care units
(ICUs) in patients with immunosuppression, in elderly patients with
underlying illnesses such as malignancy and burns, in patients undergoing
aggressive therapeutic procedures and in those who use broad-spectrum
antibiotics (Falah et al., 2019) .

A. baumannii exhibits intrinsic resistance to many classes of
antimicrobial agents and is further capable of developing resistance to
virtually all other classes of agents used in the clinical practices to treat

Gram-negative infections(Lee et al., 2017).

The rapid increase in the clinical relevance of A. baumannii was
precipitated by hard to treat and increasingly antibiotic-resistant lineages

that emerged from an ancestral susceptible pool (Diancourt et al., 2010).

A key component in the success of A. baumannii has been its
remarkable ability to develop antibiotic resistance through mutation (Yoon
et al., 2013), gene amplification (McGann et al., 2014), or horizontal
acquisition of resistance genes (Doi et al., 2015). Of particular concern is

the emergence of carbapenem-resistant A. baumannii (CRAB), resulting in

2
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infections treatable only with “last-line” antibiotics (Butler et al., 2019).
For example, although its nephrotoxicity, colistin (polymyxin E) is
considered the last-line drug for treating infections caused by CRAB, but
colistin-resistant strain has been isolated (Oikonomou et al., 2015).
Although many factors have contributed to this predicament, the absence of
new antibiotics can be directly traced to the near-complete withdrawal of
pharmaceutical companies from antibiotic development in the late 1980s
(Conly and Johnston, 2005).

The formation of biofilm contributes to A. baumannii adhere to various
biological and non-biological surfaces, such as vascular -catheters,
cerebrospinal fluid shunts, and other medical devices. Biofilm is defining
composed of extracellular polymeric substances (EPS) that surrounding
microorganisms, which mediates microbial adhesion and makes a lifestyle
that is totally different from the planktonic state. Indeed, biofilm formation
presents a significantly higher antimicrobial resistance than planktonic
cells, resulting in harder eradication and easier recurrence in biofilm-
associated infections. Biofilm formation is a complex process and regulated
by a variety of factors. Taking A. baumannii for example, biofilm
associated protein (Bap) is involved in the initial adhering of biofilm,
promoting the maturation of biofilm and maintaining the structure of
mature biofilm (Li et al., 2021).

Different typing systems are based on phenotypic tests and molecular
techniques. Biotyping, serotyping and bacteriocin typing are examples of
phenotypic typing methods most of which have now been replaced by
molecular typing systems such as plasmid profile analysis, ribotyping,
pulsed-field gel electrophoresis (PFGE) and enterobacterial repetitive
intragenic consensus-polymerase chain reaction (ERIC-PCR)(Falah et al.,
2019).
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In A. baumanni, repetitive sequences of the gene which are called
symmetric elements are often seen in the non-coding fragment of the DNA.
Regarding the variable number and length of these repeat sequences, some
primers have been designed. The length and number of bands obtained for

each isolate are variable and the strains could be grouped according to the
diversity of the bands(Falah et al., 2019).

Genotyping allows investigation of clonal spread and can be used to
identify the source of the original infection.
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1.2 Aim of this study

To detect the CRISPR /Cas system in A.baumannii and genotyping

diversity for A.baumannii isolates by ERIC and BOX this were done by

1.

Isolation and identification of A.baumannii from different clinical
specimen and identified by traditional methods and conferes by
vitek2 system.

Antibiotic sensitivity test profile of A.baumannii .

Detection of biofilm production .

Study the effect of Ag-Tio2 and SWCN-OH nanoparticles on
bacterial growth and biofilm formation.

Detection different types of cas gene by PCR methods.

Genotyping methods by ERIC and BOX for all isolates of
A.baumannii .
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1.3.1 Characterization of A. baumannii

The most common properties that characterize genus Acinetobacter
are: according to gram staining these bacteria gram negative appeared in
short rod with 1.5um in diameter and 1.5-2.5um in length during the
logarithmic phase and coccobacilli or coccoid during the stationary phase
and according to cultural properties this genus considered strict aerobic
with non-motile also no-fermenting and fastidious colonies, additionally

positive to catalase and negative to oxidase (Monem et al., 2020).

On culture media most of the clinical isolates of genus Acinetobacter
grow at 35 - 37°C or higher (especially species baumanni) while others
grow only at lower temperatures, appearance of colonies on blood agar is
creamy or white and mucoid or smooth colonies but on MacConkey agar
colonies-appearance is faint pink color which indicates the non-lactose
fermenter isolates (Biswas and Rather, 2019), on CHROMagar
Acinetobacter which is selective medium developed for the rapid
identification of A. baumannii with the appearance of colonies as convex
and Light purple with halo with rounded colonies. This medium contains
incorporates enzymatic substrates that enable color based preliminary
identification of bacterial colonies recovered within 18 to 24 h of
incubation (Perry, 2017).

1.3.2 Epidemiology A. baumannii

A. baumannii is almost be considered new pathogen and as many
researchers suggested the first appearance of this pathogen was in Iraq
specifically in military Iraqi War and was called “Iraqgibacter”, infections of
this pathogen associated with military and injured soldiers in combat due to
direct environmental contamination of wounds due to considering A.
baumannii to become the potential and serious problem in military hospital
(Dewachi, 2019).
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The occurrence of A. baumannii in different habitats like soil,
water, wound and infections even in arthropods and food products make
them one of the most epidemic pathogens related to their ability to cause
diseases like septicemia and wound sepsis also bacteremia as well as
meningitis, pneumonia linked with the ventilator and the respiratory and
digestive tracts of humans, the risk of these pathogens related to their
resistance-raising to many drugs and increase risks to human (Almasaudi,
2018).

The outbreaks of Acinetobacter are seen in critical care and burn
care units and involved in mechanical ventilation cases in addition to many
cases with Nosocomial Acinetobacter infections were identified outside
Intensive Care Units (ICUs). Most of such cases being infected through the
respiratory tract however a few have unidentified primary site bacteremia.
The most of A. baumannii isolates commonly return to a sole clone, which
have distributed in geographically distinguished regions and in specified

institutional outbreaks in European (Zowawi et al., 2015).

A. baumannii is resistant to dehydration also ultra-violet radiation in
addition to common chemical sanitizers and detergents making it extremely
difficult to eradicate and the increasing resistance of A. baumannii to
antimicrobial drugs, including carbapenems, and resistance to dehydration
and disinfectants contribute to its persistence in hospital environments and

propensity to cause outbreaks (Amudhan et al., 2011).

1.3.3 Pathogenicity of A. baumannii

Pathogenicity , meaning the ability of a microorganism to cause
disease, in the past, members of the genus Acinetobacter ,is considered
global organisms and is responsible for causing opportunistic infections,
they are considered to be low grade pathogens, number of reports about

community acquired pneumonia cases have referred to the high grade of
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pathogenicity back to the members of this genus which led them to cause

invasive diseases(Bergogne-Berézin et al., 2020).

The persisting encourages the clonal of bacteria to spread simply
from the person-to-person and contaminate environment, the three major
factors responsible for the strength of this bacterium are its resistance to
major of antimicrobial agents, desiccation and disinfectants (Meumann et
al., 2019).

In human specimens the Acinetobacters were the most commonly
isolated non-fermenters after Pseudomonas aeruginosa. Although 1-3% of
health care-associated infections are caused by Acientobacter spp. but these
bacteria have a little risk to healthy people. However, people with
weakened immune systems, chronic lung disease and diabetes may be more
susceptible to be infected with these bacteria (Almasaudi, 2018). The
infection process is usually associated with various risk factors especially
in ICUs these factors include the use of contaminated equipment such as
ventricular or urinary catheters as well as the previously colonized health
care staffs in addition to prolonged staying at intensive care units increased
the risk of colonization and infection. Colonization is not necessarily
symptomatic but it definitely increases the likelihood of causing subsequent
infections which will proceed if the host natural barriers were weakened by

trauma, surgery or other invasive procedures (Meschiari et al., 2021).
1.3.4 Infections by A. baumannii

A. baumanni has ability to survive in the high stress
environments as well as resistance to many classes of antibiotics which
make them for surviving and spreading as a nosocomial bacterium
specially in patients due to increase in morbidity and mortality(Monem et

al., 2020). There is a massive type of infections detected including
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respiratory infections, bloodstream infections, skin and soft tissue

infections and many other types.
1.3.4.1 Respiratory Infections

Ventilator-associated pneumonia (VAP) disease that is associated
with MDR A. baumannii-infections and considered the most mortal disease
in ill patients, according to statistical researches 8 to 14 percent of VAP,
caused by A. baumannii occurred in the United States and Europe. But in
Asia it occurred in rates higher than 19 to more than 50 percent. Since the
VAP caused and induced by A. baumannii are considered dangerous to
patients, community acquired pneumonia (CAP) which caused by this
pathogen has been increased and concerned disease. This disease
characterized by high rates of bacteremia as well as high mortality rate
especially in tropical regions where it specially affects the alcoholic
individuals , diabetes mellitus as well as smokers and patients with chronic

lung disease (Jaruratanasirikul et al., 2019).
1.3.4.2 Blood stream Infections

Bloodstream infections because of contaminated catheters
(intravenous) are caused by A. baumannii, especially those in health care
units or catheters of respiratory tract still be the big source in threat life,
and increase the mortality rate reaching to 40%, on the other hand 13 % of
blood stream infections occurred in patients specifically in those who are
undergoing neurosurgery are caused by A. baumannii. 90 % of these

pathogens were carbapenem resistant (Tsitsopoulos et al., 2016).
1.3.4.3 Skin and Soft Tissue Infections

The isolation of A. baumannii from skin and soft tissue that occurs in
repeated times from patients with severe burns as well as wounds even in

trauma especially from soldiers who injured during wars, among them

9
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patients with severe burns were in a tertiary care burn center infected by A.
baumannii also the comorbidities by long stay cause high mortality for
those patients compared to patients without infection by A. baumannii.
Therefore A. baumannii pathogens which infected wounds (especially in
wars) represent more dangerous and threat life. So that these pathogens
should be prevented by treating the non-healing wounds which are possibly
develop to biofilms with strong vital antimicrobial resistance medications
(Dallo and Weitao, 2010).

1.3.4.4 Urinary Tract Infections

A. baumannii isolates are the occasionally causes of urinary tract
infection; these isolates are responsible for 1.6 percent of intensive care
units acquired urinary tract infection; it is commonly attached to catheter-
related infection. It is uncommon for this bacteria to lead to complexed
urinary tract infection in outside of hospital depending on results of study
by (Di Venanzio et al., 2019).

1.3.4.5 Meningitis

Meningitis disease caused by A. baumannii still increasing especially
in intensive care neurosurgery units and threats patient life with mortality
reaching to 70 %, especially in patients on cerebrospinal fistulae in addition

to patients who are receiving therapy after surgery(Sari et al., 2021).

In 2019 large number of disease states of meningitis in post
neurosurgical patients which caused by A. baumannii show that 21% of
isolates were extensively drug-resistant XDR isolates which have
sensitivity to only colistin and tigecycline. On the other hand, the pediatric
meningitis cases with high mortality rate specifically in China are caused

by the same pathogens cultures of cerebrospinal fluid showed the multidrug
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drug-resistant MDR also XDR as well as Pandrug drug-resistant PDR A.

baumannii after the neuro surgery (Xiao et al., 2019).
1.3.5 Virulence factor of A. baumannii

Virulence factor are molecules expressed and separated by pathogens
(bacteria, viruses, fungi, and protozoa) they help the microorganisms

overcome host defenses and colonize or invade host cells, this includes.
1.3.5.1 Outer membrane protein A

Outer membrane proteins (Omps) of Gram-negative bacteria are
known to be key players in bacterial adaptation and pathogenesis in host
cells. Porins play a variety of roles depending on the bacterial species,
including the maintenance of cellular structural integrity, bacterial
conjugation and bacteriophage binding, antimicrobial resistance and pore

formation to permit the penetration of small molecules (lyer et al., 2017).

Outer membrane protein A (OmpA) consider the first A. baumannii
virulence factor that described and confirmed in vivo. OmpA is a main
porin protein abundant in the outer membrane of A. baumannii that has an
essential role in pathogenesis and keeps the structure of the outer

membrane, and it is found in all strains (Hood et al., 2010).

OmpA, also has another significant function, that consists of
adhesion to host epithelial cell, target mitochondria that leads to cause
mitochondrial dysfunction by activation of caspase and cytochrome C , also

it passes to the nucleus and leads to cleavage DNA (Smani et al., 2014).
1.3.5.20uter membrane structures

Generally, Gram-negative bacteria possess lipopolysaccharide (LPS),
which is an essential component in cell envelope and complicated in

virulence. In A. baumannii, LPS molecules comprises of an O-
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polysaccharide chain (O-antigen), a glycosylation system, which
participates in the synthesis of the O-antigen , and was recognized to be

important in biofilm formation (Li et al., 2020).

Lipid A, is the other part of LPS, also play a significant role in
septic shock, LPS makes the cell latent targets for antibacterial drug
advance, and it is involved in serum resistance, and the inflammatory

response in systematic infections (Antunes et al., 2014).

The damage of LPS leads to weakening the virulence factor,
antibiotic sensitivity, and reduction in vitro growth rates (Bojkovic et al.,
2015).

Furthermore, several studies demonstrate that colistin resistance is
associated with the loss of LPS production. The additional constituent of
the outer membrane of A. baumannii is capsular polysaccharides; these
polysaccharides are composed of repeating carbohydrate units and their
purpose as glycan shields that cover the whole bacterium and keep it from
external pressures, and it is involved in the resistance to desiccation,
because of the capacity of the capsule in A. baumannii to maintain water

and grow in a biofilm under dry conditions (Martin-Aspas et al., 2018).

1.3.5.3 Outer membrane vesicles (OMV5s)

Another important virulence factor of A. baumannii is outer
membrane vesicles (OMVs), secreted by several Gram-negative bacteria.
Outer membrane vesicles are suggested as vehicles for secretion of protein
discrete from type | to VI secretion system. These spherical bilayered
OMVs ranged from 20 to 200 nm in diameter and emitted from the outer
membrane (Li et al., 2015).
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These vesicles hold outer membrane proteins, proteolytically
unstable enzymes, periplasmic proteins, and other nonprotein molecule
such as lipids, DNA and RNA. They possess essential role in intercellular
and intracellular signaling, transfer of virulence factors, cytotoxicity and
Immune response induction. A. baumannii OMVs exhibited hemolytic and

leukotoxic actions and phospholipase C (Jha et al., 2017).
1.3.6. Multidrug Resistance of A. baumannii

Multidrug-resistant pathogens posses serious threats in healthcare
settings worldwide. For the past number of years, antimicrobial discovery
and resistance development to new antimicrobials occurred almost at the
same time. Not surprisingly, A. baumannii, similarly to other bacteria, also
acquired resistance to newly developed antimicrobial agents (Clark et al.,
2016).

Various patterns of resistance found 22 antimicrobial agents belong
to nine categories: aminoglycosides, carbapenems, fluoroquinolones,
penicillins + B lactamase inhibitors, extended spectrum cephalosporins,
folate pathway inhibitors, polymixins, and tetracyclines (Kanj and
Kanafani, 2011).

A. baumannii can become resistant to a variety of antibiotics via
intrinsic and acquirement mechanisms. Its ability to acquire drug resistance
genes from other human pathogens is not well understood. However,
considering the capability of the A. baumannii genome to exchange genetic
material both within and between species, it is quite likely that these
bacteria may have evolved toward enhanced pathogenicity (Lupo et al.,
2018).

Severe hospital-acquired infections caused by A. baumannii involve

the use of carbapenems as highly effective drugs of choice used for the
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treatment of such infections. Because of their broad spectrum, carbapenems
are often active against microorganisms resistant to other antimicrobial
compounds, and they are frequently used to treat complicated bacterial

infections (Papp-Wallace et al., 2011).

Over the last few years, A. baumannii MDR strains became
increasingly resistant to carbapenems, the drug of choice to treat severe
infections caused by these bacteria. The main cause of carbapenem
resistance is the presence of oxacillinases (OXA), which belong to class D
B-lactamases. Over 400 OXA enzymes encoded by chromosome- or
plasmid-located genes were characterized. Other classes of -lactamases:
class A, class B (metallo-p-lactamases, MBL), and class C (AmpC) were

also identified in A. baumannii strains (Vrancianu et al., 2020).

Another mechanism of A. baumannii resistance is associated with
enzymatic modification of the antimicrobial molecule. One of the best
examples of resistance via modification of the drug is the presence of a
large group of aminoglycoside-modifying enzymes (AMES). These
enzymes possess unique substrate specificity and modify amino- or
hydroxyl- groups of the aminoglycosides. There are three different types of
AMEs, acetyltransferases, nucleotidyl transferases, and
phosphotransferases, while all of them were identified in A. baumannii

isolates (Vrancianu et al., 2020).

Proteomic analysis of A. baumannii MDR strains shows protein
variability that could be correlated with the appearance of resistance
phenotypes, especially OMPs, which are involved in cellular drug uptake
or efflux. The emergence of an antibiotic resistance level is often related to

diverse variations in the expression of OMPs (Eze et al., 2018).

Another common mechanism of antibiotic resistance in A.

baumannii is alteration of the target site or cellular functions (Fernandez

14
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and Hancock, 2012). This often results from spontaneous mutation of a
bacterial gene on the chromosome. Modification of the target site results in
decreased affinity for the drug molecule. In an alternative pathway, bacteria
produce new proteins that protect the target against an antibiotic. Examples
of drugs affected by this mechanism include fluoroquinolones and

tetracyclines (Singh et al., 2013).

In A. baumannii, point mutations in the gyrA/parC topoisomerases
result in fluoroquinolones resistance, whereas a mutation in rpsJ, the gene
that encodes the ribosomal S10 protein, is responsible for tigecycline

resistance (Beabout et al., 2015).

Another interesting example is the mechanism responsible for
colistin resistance. Positively charged colistin kills bacteria by interacting
with the negatively charged lipid A and destabilization of the OM. Colistin
initially binds to the lipid A moiety of lipopolysaccharide (LPS), resulting
in destabilization of the Gram-negative outer membrane , Alarmingly, as
the use of colistin has increased, so have reports of colistin-resistant A.
baumannii strains , Previously, we have shown that A. baumannii can
become resistant to colistin via mutations in the lipid A biosynthesis
genes IpxA, IpxC, and IpxD, leading to the complete absence of LPS from
the outer membrane , significantly, LPS loss has been observed in clinical
isolates(Kamoshida et al., 2020) .

Among several types of efflux pumps that confer multidrug
resistance, the resistance nodulation cell division (RND) efflux systems
(AdeABC, AdeFGH, AdelJK) are the most prevalent in A. baumannii. The
AdeABC pump, found in 80% of A. baumannii isolates, extrudes a wide
range of  antibiotics, including  pB-lactams,  aminoglicosides,
fluoroquinolones, tetracyclines-tigecycline, macrolides—lincosamides, and
chloramphenicol (Abdi et al., 2020)).
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1.3.7 General Introduction to Biofilms in A. baumannii

Biofilms are multicellular groups of single or multiple bacterial
species enclosed in extracellular polymeric substances (EPS) which
comprise polysaccharides, proteins, and nucleic acids secreted by bacteria.
The structure of mature biofilms is often very complex with clusters of
bacterial cells separated by fluid-filled channels. Diffusion of nutrients and
oxygen is limited in biofilms; therefore, the environmental conditions are
not homogeneous throughout a biofilm. This leads to the formation of
heterogeneous cell subpopulations adapted to local microenvironments.
Biofilm-dwelling bacteria are more resistant to antibiotics and other

stressors than planktonic cells (Monem et al., 2020).

Numerous studies have demonstrated that A. baumannii can form a
biofilm on abiotic surfaces, such as glass or plastic (Espinal et al., 2012).
This is an important phenotype, as it is believed that biofilm formation
facilitates the transmission of pathogens, and provides a selective
advantage by allowing organisms to survive under less than favorable

environmental conditions (Hall-Stoodley and Stoodley, 2005).

The ability of bacterial pathogens to form biofilms on various
surfaces such as mucosal membranes and medical indwelling devices
allows them to persist despite antibiotic therapy and the host immune
defense. As a result of the ability to form a biofilm, pathogens can cause
chronic infections such as lung infections, urinary stent infections,
prosthetic joint infections, chronic wounds, and burn-related infections
(Marcinkiewicz et al., 2013).

These chronic infections differ from colonization in that they are
characterized by an immune response from the host and persistent
pathology (Hgiby et al., 2010).
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A. baumannii forms biofilms on both biotic and abiotic surfaces
which contributes to its remarkable ability to survive in hospital
environments. While extrinsic factors such as surface hydrophobicity,
temperature, and oxygen concentration are reported to influence A.
baumannii biofilms, numerous physicochemical and microbial features
(e.g., capsular polysaccharides, surface appendages, adhesins, and
virulence and resistance determinants) facilitate the formation and
maintenance of A. baumannii biofilms (Eze et al., 2018).

The ability of A. baumannii to form biofilms on abiotic surfaces
depends on the production of pili. OmpA also participates in the
development of biofilms on plastic surfaces (Poirel and Nordmann, 2006).

Biofilm-associated protein (Bap) is a surface-exposed, highly
divergent protein that is required for adherence to bronchial cells and
structural integrity and water channel formation within the biofilm,
Another recent study found that the variation in the bap coding sequence
across A. baumannii lineages results in differential functions during biofilm
development with some versions displaying better adherence properties and

others forming more complex biofilms (Brossard and Campagnari, 2012).

A. baumannii have one quorum sensing (QS) system, which plays
an integral role in regulating virulence factors, biofilm formation and
surface motility. Abal is the autoinducer synthase that generates the QS
molecule N-(3-hydroxydodecanoyl)-L-HSL ,acyl homoserine lactones
(AHL), which at high enough density interacts with the cognate receptor
AbaR leading to downstream cellular responses (Subhadra et al., 2018).

A. baumannii frequently causes biofilm-related infections,
particularly ventilator-associated pneumonia and catheter-related infection,
which can be exceedingly resistant to antibiotic therapy, offering a severe
challenge to the clinical management of A. baumannii-related biofilm
infections. A. baumannii biofilms have become one of the most serious
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global issues due to the rapid spread of medical device-associated
infections and antibiotic resistance. Despite these problems causes,
understanding the magnitude of A. baumannii biofilm formation; its role in
pathogenesis and antimicrobial resistance is important for limiting medical

device-associated infections (Gedefie et al., 2021).

1.3.8 The role of Nanoparticles against A. baumannii

Nanoscience and nanotechnology have attracted a great interest over
the last few years due to its potential impact on many scientific areas such
as energy, medicine, pharmaceutical industries, electronics, and space
industries. This technology deals with small structures and small-sized
materials of dimensions in the range of few nanometers to less than 100
nanometers. Nanoparticles (NPs) show unique and considerably changed
chemical, physical, and biological properties compared to bulk of the same
chemical composition, due to their high surface-to-volume ratio. NPs
exhibit size and shape-dependent properties which are of interest for
applications ranging from biosensing and catalysts to optics, antimicrobial
activity, computer transistors, electrometers, chemical sensors, and wireless
electronic logic and memory schemes. These particles also have many
applications in different fields such as medical imaging, nanocomposites,

filters, drug delivery, and hyperthermia of tumors (Bayda et al., 2020) .

An important area of research in nanoscience deals with the
synthesis of nanometer-size particles of different morphologies, sizes, and
monodispersity . In this regard, there is a growing need to develop reliable,
nontoxic, clean, ecofriendly, and green experimental protocols for the
synthesis of NPs (lravani et al., 2014).

One of the options to achieve this objective is to use natural
processes such as use of enzymes, microbial enzymes, vitamins,

polysaccharides, biodegradable polymers, microorganisms, and biological
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systems for synthesis of NPs. One approach that shows immense potential
Is based on the biosynthesis of NPs using bacteria (a kind of bottom-up

approach) (lravani et al., 2014).

The antimicrobial activity of NPs depends on several
physicochemical properties, such as their size, shape, solubility, and ability

to form free biocidal metal ions (Gold et al., 2018).

Generally, smaller NPs show increased antibacterial activity
compared to larger NPs (Abdussalam-Mohammed, 2020). Gram-positive
and Gram -negative bacteria differ in terms of cell membrane components
and structures and have different adsorption pathways for NPs . The
susceptibility of bacteria to NPs depends on their biochemical composition

since different NPs target different biomolecules (da Silva et al., 2019).

Both organic and inorganic nanoparticles are reported to have

antibacterial and anti-biofilm potencies (Mohid et al., 2019).

These are also used as surface-coating and drug-delivery agents and
thus offer a very promising alternative to conventional methods of biofilm
control (Fam et al., 2020).

It is important to note that in vivo testing of nanoparticles has only
been pursued with planktonic Acinetobacter (Vairo et al., 2020). This is
dependent on the constituents, type of surface and coating materials. For
example, surface modification of titanium implants through doping with
silver and/or gallium enhances antibacterial effectiveness against MDR A.
baumannii (Gulati et al., 2021).

Conventional drugs are losing their functional value due to the
rapidly developing drug resistance in microorganisms. This insusceptibility
prompted researchers to exploit nanoparticles as an alternative approach to

deal with aggressive pathogens like Acinetobacter. Multiple mechanisms
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have been reported to explain the bactericidal action of nanoparticles, they
can penetrate extracellular polymeric substances (EPS) , disrupt cellular
morphology, inactivate vital enzymes and proteins, denature proteins,
generate Reactive oxygen species ( ROS), inhibit DNA replication and

prevent ribosome interactions (Godoy-Gallardo et al., 2021).

Such multi-mode bactericidal action of nanoparticles is beneficial
since bacteria would have to develop a number of mutations

simultaneously to survive (Wang et al., 2021) .

However, this raise concerns on the specificity of nanoparticles to
kill a particular pathogen. Unlike traditional antibiotics, inherited resistance
towards organic and inorganic nanoparticles has not been observed in
bacteria. However, a recent study suggested that bacteria could evolve to
acquire resistance through genetic mutations on continuous treatment with
AgNPs for 225 generations. Hence, care should be taken to avoid
unintentional and unnecessary exposure of microorganisms towards these

nanoparticles (Graves Jr et al., 2015).

1.3.8.1The effect of silver-doped titanium dioxide(Ag-TiO,

)Nanoparticles against A. baumannii

Matsunaga and co-workers has proved that TiO, has antibacterial
properties originated from oxidation of bacteria (Mastunaga, 1985). After
that, Tio, has been used in a wide range of application such as
photocatalyst, nanomedicine, textiles, materials devices, water sanitization,
control plant disease, wound theraphy, bactericidal application (Diez-
Pascual, 2020). Tio, photocatalyst is the most frequently used material in

transforming toxic organic molecules to H,O, CO,.
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Silver has been doped in Tio, nanosolution because silver in ionic or
nanoparticle forms has high antimicrobial activity (Ahmad Barudin et al.,
2013).

Ag-Tio, nanoparticles destroy microbes and bioaerosols (dust mites,
mold spores) by disintegrating their DNA. Silver nanoparticles may
directly attach to and penetrate the cell membrane to kill spores, although
penetration of silver nanoparticles into microbial cell membranes is not

completely understood (Jafari et al., 2018).

The phase structure, crystallite size and crystallinity of Tio, play an
important role in antibacterial activity. Many studies have confirmed that
the anatase phase of titania shows higher antibacterial and antifungal

activity than the brookite or rutile phase (Moradpoor et al., 2021).

1.3.8.2The effect of single-wall carbon nanotubes (SWCNTs-OH

)Nanoparticles against A. baumannii

Carbon nanotubes (CNTSs) represent one of the best examples of
novel nanostructures , exhibit a range of extraordinary physical properties,
such as extremely small size and high aspect ratio (>1000), a rich spectrum
of extraordinary electrical, thermal and mechanical properties (Abo-Neima
et al., 2020, Alim et al., 2018).

Also, CNTs exhibit a strong antimicrobial activity and can pierce
bacterial cell walls (Abo-Neima et al., 2020). These properties allow CNTs
to be one of the most prospective materials for use in various fields of
science and technologies, such as nanoscale electronic devices , tissue
engineering, polymer composites and wastewater treatment filters (Abo-
Neima et al., 2020).

CNTs have attracted increasing attention for their potential

applications in the biomedical field as diagnostic and therapeutic nano-
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tools, so that the effects induced by CNTSs, on the biological environment is
considered one of the important research fields in the world of biomedical

applications of nanoparticles (Abo-Neima et al., 2020).

The antibacterial activity of CNTs influenced by the same factors
that usually affect the behaviors of CNTs when in contact with different
cell types: their diameter, length, aggregation, concentration, surface
functional groups, buffer solution as well as contact time, intensity and the
cell type(Yu et al., 2018) (Abo-Neima et al., 2020).

In recent studies, the treatment of Acinetobacter infections was
possible with several antibiotics like beta-lactams, aminoglycosides, and
tetracycline, but now resistance to all known antibiotics is visible in A.
baumannii. A new therapeutic strategy presented in the world and one of
the most important and least costly procedures is the use of nanoscience in
the treatment of diseases or the addition of nanomaterials in hospital
disinfectants. Nowadays, nanoparticles, especially carbon nanotubes, are

used to treat infections as well as cancers (Yazdani et al., 2021).

The main principle of the bactericidal action of CNTSs is achieved by
combining physical and chemical mechanisms (Lopez de Dicastillo et al.,
2018). Physically, CNTs may be the cause of substantial structural damage
to the cell wall and membrane of the microorganism. In addition, they have
the ability to biologically isolate cell from their microenvironments,
leading eventually to the production of toxic substances, such as reactive
oxygen species, and placing the cell under oxidative stress leading to the
biological death (Abo-Neima et al., 2020).
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1.3.9 Genotyping of A. baumannii

For bacterial typing to be useful, the development, validation and
appropriate application of typing methods must follow many criteria. The
ability to quickly and reliably differentiate among related bacterial isolates
Is essential for epidemiological surveillance systems. There are several

typing methods used in laboratories today (Van Belkum et al., 2007).

The methods for bacterial phenotyping have a clear purpose in the
confirmation and clarification of local and national healthcare-associated
outbreaks due to bacterial strains these range from methods based on
simple phenotypic features to DNA sequencing. Previously, the
comparison of phenotypic characters, such as colony morphology, color,
odor, antibiogram-based typing, biotyping, serotyping and the ability to
grow in the presence of specific substances, were used for differentiation.
Today these methods are becoming old because they require strict
standardization of experimental conditions since phenotypes are quite

susceptible to the environmental conditions (Monem et al., 2020).

Microbial genotyping technologies are a significant tool for
molecular epidemiology researches, especially in understanding pathogen
transmission and population dynamics. Despite the prevalence of whole-
genome data, multilocus sequence typing (MLST) remains the “gold

standard” for molecular typing of bacteria (Cinar et al., 2020).

Molecular typing is becoming a paradigm for understanding the
fundamental mechanisms of Acinetobacter infections in hospital settings to
investigate the spreading, the clonality relationship among bacterial strains
and its geographical spread. In infection control, molecular typing methods
are currently an important tool to measure and identify the source of the
original infection in hospitals outbreaks. Molecular typing methods have

been used to investigate the nosocomial spread of A. baumannii outbreaks
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in hospital settings worldwide. Some examples of these techniques are
plasmid typing, ribotyping, pulsed field gel electrophoresis (PFGE) and
polymerase chain reaction (PCR) based fingerprinting. As compared with
other methods, PCR based fingerprinting methods are easier to perform and
cost effective (Aljindan et al., 2018).

The presence of tandem DNA repeats in genomes of A.
baumannii was confirmed by several groups(Villalén et al., 2015) Based
on these sequences, different methods of differentiation of A. baumannii
strains have been developed; however, they take into account only their
diversifying power of evolutionary changes of the Acinetobacter genus.
Thus, their features responsible for drug resistance or pseudo-
immunological bacterial responses, encoded in the Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) system, which evolved to
protect the cells from exogenous phage and plasmid DNA invasion, are
ignored in such analyses. On the other hand, as suggested by (Abby et al.,
2014), the next step in the process of strains’ classification should be
focused on confrontation of the genetic and phenotypic features related to
pathogenicity of bacterial species, It is based on combination of the
previously described method based on analysis of repeated sequences and

whole genome alignment (Kottowski et al., 2021).

The bacterial genome of A. baumannii contains recurring
sequences similar to the enterobacterial repetitive intergenic consensus
(ERIC) initiator sequence. This has enabled it to be used as a molecular
biological tool for determining the genetic variation coding on DNA of A.

baumannii isolates (Mohammed and Ahmad, 2021).

Rapid amplification of polymorphic DNA (RAPD) This is one
of the easiest genotyping methods to evaluate strain-level fingerprinting,

using PCR and consequently performing gel electrophoresis. No
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knowledge of the DNA target sequence is required, as a primer anchors to
a non-specific site in the DNA sequence. The primer target sites may
vary in number and location over the genome; accordingly, the size and
number of the amplified fragments differ. Usually, decamer (10
nucleotides) lengths of non-specific short sequence primers are used
under low annealing temperature, and electrophoresis RAPD profiles
can be used for strain genotyping. Various primers and protocols have

been used to type the Acinetobacter species (Ahmed and Alp, 2015).

A melting curve analysis was performed for the amplified DNA
fragments that were generated during RAPD. This approach does not
require electrophoresis and ethidium bromide by real-time PCR, thus

greatly reducing workload and overall time (Deschaght et al., 2011).

RAPD has many advantages: it requires low-cost primers, only a
small quantity of DNA for analysis, and it requires no blotting or
hybridization. However, the introduction of commercial and
standardized reagents made RAPD fingerprinting more time consuming
to standardize. These patterns are strain specific; RAPD could therefore

be a useful approach for epidemiological genotyping (Ahmed, 2017).

Enterobacterial Repetitive Intergenic Consensus Polymerase Chain
Reaction (ERIC-PCR) is one of the best typing methods of DNA
fingerprints of bacterial strains. This method has sporadically been used to
characterize A. baumannii strains isolated from clinical samples (Nemec et
al., 2004).

In A. baumanni , repetitive sequences of the gene which are called
symmetric elements are often seen in the non-coding fragment of the DNA.
Regarding the variable number and length of these repeat sequences, some

primers have been designed. The length and number of bands obtained for
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each isolate are variable and the strains could be grouped according to the
diversity of the bands (Maleki et al., 2018).

Bacterial genomes containing Repeat sequences such as the ERIC
sequence can be used as Molecular biological tools to assess the clonal
variability of Many bacterial isolates. ERIC-PCR fingerprinting is one of
the fastest molecular typing techniques to differentiate Between A.
baumannii and other strains of Gram-negative Bacteria responsible for

hospital-acquired infections (Aljindan et al., 2018).

BOX elements are mosaic repetitive elements comprised of different
combinations of three subunit sequences. These three subunits sequences
are boxA, boxB, and boxC which are 59, 45, and 50 nucleotides long,
respectively. Meanwhile, ERIC sequences are 126 bp long with a highly
conserved central inverted repeat. It is situated in noncoding transcribed
regions of the chromosome. Briefly, the BOX primer anneals on the boxA
subunit of BOX elements whereas the ERIC primer synthesizes DNA

sequences outward from inverted repeats (Bilung et al., 2018).

1.3.9.1 Clustered regularly interspaced short palindromic repeat
(CRISPR)

Clustered regularly interspaced short palindromic repeat (CRISPR)
arrays and CRISPR-associated genes (cas) constitute bacterial adaptive
immune systems and function as a variable genetic element. CRISPRs are
bacterial loci whose dynamic nature has allowed them to become ideal
targets for molecular subtyping. Each CRISPR/Cas locus includes a strain-
specific array of spacers that has expanded and diversified over time. Due
to their dynamic nature, comparative analysis of the spacer arrays has
successfully been used for subtyping isolates from several Gram-positive

and Gram-negative bacteria (van Belkum et al., 2015).
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Two CRISPR/Cas systems have been found in the genomes of
several A. baumannii strains (Karah et al., 2015). Studies have reported that
trailer end spacers of CRISPR are generally conserved among different
isolates and can be used to anchor clusters and detect common ancestors of
the arrays and, probably, of the isolates themselves (Horvath et al., 2008).
More and more data are accumulating indicating that the role of
CRISPR/Cas is not limited to adaptive immunity. It has been shown that
these systems regulate the expression of many bacterial genes affecting the
virulence of pathogenic bacteria and group behavior, and also participate in
DNA repair and accelerate the evolution of genomes(Tyumentseva et al.,
2021)

Complete CRISPR-cas loci consist of a CRISPR array, that is, two to
several hundred direct, often partially palindromic, normally exact repeats
(25-35 bp each), separated by unique spacers (typically 30-40 bp each),
and the adjacent cluster of multiple cas genes which are organized in one or
more operons encoding both the adaptation and the effector modules, often
along with accessory genes (Makarova et al., 2013) . The CRISPR-Cas
immune response includes three distinct but often intertwined stages: (i)
adaptation, (ii) pre-crRNA (pre-CRISPR RNA) expression and processing,

and (iii) interference (Koonin and Makarova, 2019).

the CRISPR-Cas system protects against mobile genetic elements
(MGEs), thereby defending against viral predation, The complexity of the
CRISPR-Cas system warranted a comprehensive classification of the
system. This was achieved by basing the classification on phylogenetic
analysis of conserved cas proteins, type and number of cas genes and gene
arrangements (Makarova and Koonin, 2015). To date, four types and 12
subtypes (excludes six variant subtypes) of CRISPR-Cas system have been
reported (Sykes et al., 2020).
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The target recognition by a CRISPR-Cas system depend on the Cas
protein binding Protospacer Adjacent Motif (PAM), leading to unwinding
of the adjacent dsDNA helix (Jones et al., 2017). The RNA-directed aspect
of the CRISPR-Cas is dependent on two RNAs, the CRISPR RNA
(crRNA) and atrans-acting RNA (tracrRNA). The tracrRNA, which
imparts partial complementarity, and the crRNA, can be combined to form
a single guide RNA (sgRNA), that performs DNA target recognition and
recruits Cas nuclease needed to perform genome editing. The substrate
specificity and the simplicity of the system that includes designing sgRNA
makes CRSIPR an obvious choice for genetic manipulation. Following
unwinding of the dsDNA, the single guide RNA (sgRNA) hybridizes to
form a R-loop structure. This allows recognition of seed sequence near
PAM elements enabling complementarity with the crRNA spacer and the
CRISPR-Cas system to execute its effect (Jones et al., 2017).

The spacer organization in CRISPR-cas have been used for
comparison between strains. A pangenome study encompassing 2,500
genomes of A. baumannii, agreed to the presence of two CRISPR-Cas
systems (Mangas et al., 2019). By constructing a new phylogeny
of Acinetobacter based on presence or absence of 14 common genes, they
divided the genomes in to two groups. The first group, sharing fewer
common genes, showed gene enrichment for maintaining CRISPR
elements and rarity in the presence of plasmids. The relationship between
CRISPR-cas and virulence genes have been discussed in a study (Louwen
et al.,, 2014). With the success of endogenous CRISPR-Cas system
including type | in genome editing in multiple bacteria strains, the same
may be explored in A. baumannii. In addition, useful information would be
obtained by better understanding of the relationship of CRISPR-Cas
systems in A. baumannii with the virulence and pathogenesis (Sykes et al.,
2020).

28



Chapter Two

Materials and Methods




Chapter Two

2.1 Materials

2.1.1 Equipment and Instruments

Materials and Methods

Equipment and instruments used in the study were listed in table 2-1.

Table 2-1: Equipment and Instruments Used in the study.

Equipment Manufacturing Company/
Origin
Autoclave Jeiotech/ South Korea
Centrifuge Hettich / Germany
Cooling Centrifuge Hettich /Germany

Deep-freezer

Hicool/ Denmark

Digital camera Canon/ Japan
Electrical balance KERN/ Germany
Eppendorf tubes Sterellin Ltd /UK
Hot plate with magnetic stirrer IKA/ Germany

Incubator Memmert/ Germany
Light microscope Olympus /Japan
Microcentrifuge Hettich/ Germany

Microtiter plate (96) flat- shape

Sterilin Ltd/ UK

Millipore filter unit (0.22 pum)

Schleicher and Schuel / USA

Nanodroop

Avans/UK

PCR Thermocycler

Clever/ England

Refrigerator

Crafft/ Saudiaarabia

Safety cabinet (HOOD)

Gallenkamp/ USA

Spectrophotometer

Shimadzu/ Japan

Vitek 2 compact

Biomerieux/ France

Vortex

Fanem/ Brazil

Water bath

Memmert/ Germany

Water distiller

Paytekht Co.Ltd/ Iraq
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2.1.2 Chemical and Biological Materials

Chemical and biological materials used in this study were summarized in

the table 2-2:

Table 2-2: Chemical and Biological Materials Used in this Study.

Chemical and biological material

Manufacturing Company/ Origin

Agarose

Promega/USA

AgTio, nanoparticales

Hongwu International Group Ltd/

china
Ethanol 70%,0bsolute BDH /UK
Ethidium bromide Promega/USA
Glucose Oxoid / UK
Glycerol BDH /UK
Gram Stain kit HiMedia/ india
Hydrogen peroxide (H202) BDH / UK
N-N-N-Ntetramethyl-P-phenylene | Hi-Media/ India

diamine dihydrochloride

Normal Saline

PSI/ Saudi Arabia

Nuclease Free Water

Promega/USA

Phosphate buffer saline (PBS-
pH=7. 2)

BDH/ England

Selective supplement (FD271)

HiMedia/ India

SWCNT-OH nanoparticales

Hongwu International Group Ltd/

china
Tris-Borate-EDTA (TBE) buffer Promega/USA
Tris-EDTA buffer (TE) Promega/USA
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2.1.3 Culture Media

All the culture media were used in this study are listed in table 2-3.
Table 2-3: Culture Media Used in this Study

Media Manufacturing Company/
Origin

Blood agar base Himedia /India

Brain heart infusion broth & Himedia /India

agar

CHROMagar™™ Acinetobacter | Himedia /India

MacConkey agar Oxoid / England

Mueller Hinton agar Oxoid / England

Nutrient broth & agar Oxoid / England
2.1.4 Kits

The diagnostic Kits used in the current study were presented in Table 2-4.
Table 2-4: Diagnostic Kit Used in this Study.

Kit Manufacturing Company / Origin
DNA extraction kit Geneaid/ USA
DNA ladder 100bp Bioneer/ Korea
Green master mix 2X Kit Promega/USA
Vitek 2 System Biomerieux/ France

2.1.5 Antibiotic Disks

The antibiotic used in the current study for each isolate was

determined and recommended by CLSI, were presented in Table 2-5.
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Table 2-5: Antibiotic Discs Used in this Study

Antibiotic Code | Disk potency | Manufacturi
(ng/disc) ng Company
/Origin
Amoxicillin- clavulanic acid | AMC | 20/10
Ceftazidime CAZ |30
Cefepime FEP 30
Meropenem MRP |10
Gentamicin GEN |10 Mastdiscs /
Amikacin AK 30 UK
Ciprofloxacin CIP 5
Levofloxacin LEV |5
Trimethoprim- SXT |25
sulfamethoxazole 1.25/23.75
Tetracycline TE 10
2.2 Methods

2.2.1 Reagents and Solutions
2.2.1.1 Reagents

A- Catalase Reagent

It was prepared by adding 1ml of 30% Hydrogen peroxide to 9 ml of
D.W. thefinal concentration of the solution was 3% and then it was kept in
a dim bottle (Procop et al., 2017). This reagent was used for detecting
capability of bacteria isolates to produce catalase.
B- Oxidase Reagent

It was prepared by dissolving 1gm of N-N-N-N tetramethyl-P-
phenylene diamine dihydrochloride in 100 ml of distilled water and kept in
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a dark bottle in refrigerator. This solution was used to detect the capability

of bacterial isolates to produce oxidase (Shields and Cathcart, 2010)
2.2.1.2 Solutions Buffer

It has been prepared by dissolving one Buffer tablet in 100 ml D.W.and
sterilized by autoclaved according to the instruction of manufacturer,after

that was kept at 4°C until used.

2.2.2 Preparation of Culture Media
2.2.2.1 Ready-Culture Media

Ready-made culture media were prepared according to the
manufacturing company instructions, while the other culture media were
prepared in the laboratoryaccording to the scientific references. All these
media (with some exceptions) wereautoclaved at 121°C for 15 minutes at 15

pound per square inch (Brown and Smith, 2014).

2.2.2.2 Laboratory Prepared Culture Media

A- Blood Agar

According to the manufacturer company, Blood agar base was
prepared. Thenwas autoclaved and cooled to (45-50)°C, aseptically adding
5 ml of sterile human blood for each 95 ml of the medium mixing well to
homogeneity, distributed into sterile Petri dishes. Finally, the prepared
medium was cooled to 37°C and was left to solidify at room temperature
(25°C). (Harley and Prescott, 1996).

B- MacConkey Agar (PH: 7.3)

This media was prepared according to the instruction of the
industrialized company. McConkey agar is used to isolate most Gram -
negative bacteria and used to differentiate between lactose fermenter and

non-fermenter bacteria.
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C-Nutrient Agar Medium

This nutrient agar was prepared according to the instruction of supplier
company by dissolving 28gm of nutrient agar in 1L of distilled water then
sterilized in the autoclave at 121 C° for 15 min. , this medium was used in
general experiment such as cultivation and activation of bacterial isolates

when it necessary.

D- Muller-Hinton Agar

This medium was prepared according to the instruction of supplier
company by dissolving 38gm from the medium in 1L of distilled water and
sterilization by autoclave at 121 C° for 15 min., this medium used for an

antibiotic sensitivity test.

E- Brain Heart Infusion (BHI) Broth -Glycerol Medium(Maintenance
Medium)
This medium used to preserve the bacterial isolated as the standard for
a long time. This medium was prepared by adding 5ml of glycerol with 95
ml of BHI broth and sterilization by autoclave at 121 C° for 15min. (Forbes
et al., 2007).

F- CHROMagar™ Acinetobacter

CHROMagar (HiCrome TM) Acinetobacter was prepared according to
the manufacture company instructions suspend 30.85gram in 1000ml D.W
heated to boiling while swirling until completefusion of the agar then cooled
to 45-50°C with adding Multidrug resistance selective supplement (FD271)
and poured into sterile Petri dishes. Finally,it was cooled to 37°C and left to
solidify at room temperature then used for specificscreen and identification
of A. baumannii to form light purple color with halos rounded the colonies

on it.
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G- Motility Semi-Solid

This medium was prepared according to Hargrave, (2000) by mixing:
peptone water (10g), sodium chloride (5g), agar (3.59) and D.W. (1000
ml). The prepared medium was first dispensed in 900 ml distilled water
then pH was adjusted to 7-7.4and the volume was completed to one liter,
then 10 ml from this medium was dispensed in each sterile vial then
autoclaved at 121°C and 15 pound/inch2 for 15
minutes. Finally cooled to 37°C and left to solidify at room temperature

(25°C) thenused for identifying motile and non-motile bacteria.
2.2.3 Ethical approval

The necessary ethical approval was taken from the -ethical
committee in Al-Imam Al-Sadig Hospital and Babil Teaching Hospital,
Moreover, agreement from the family and patients for sampling and

carrying out this work was obtained.

The College of Medicine Ethics committee approves the research proposal
to be conducted in the presented form. None of the Investigator and co-
investigator participating in this study took part in the decision making and

voting procedure for this study.
The College of Medicine Ethics committee expects to be informed about

the progress of the study, any serious adverse events occurring in the

course of the study, any revision in the protocol.
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2.2.4 Study design

Cross-sectional study.

The design of study was illustrated in figure 2-1.

Figure2-1:Scheme of the Study Design.
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2.2.5 Clinical specimens’ collection

One hundred and fifty clinical specimens were collected during the
present study period extended from October 2021 to January 2022 from
patients who were attended to two main hospitals in Hilla city: Al-Imam
Al-Sadig Hospital and Babil Teaching Hospital suffering from different
infections as following; burns (35 sample) , wounds (40 sample),

respiratory infections (45 sample), and urinary infections (30 sample).

Urine (mid-stream urine) was collected from patients suffering from
urinary tract infection (UTIs) in a sterile screw-cap container. Swabs from
the burn wound. Sputum. samples were collected from patients before they
take any antibiotics or cleaning. The samples were transferred immediately
to the laboratory. Each sample was cultured on different media including
MacConkey and nutrient agar then incubated aerobically at 37 C° for 24

hours.
2.2.6 Isolation of Bacteria

In the laboratory and under aseptic conditions, the collected sample
were re- identified by culturing directly on blood agar and MacConkey
agar, and all the isolates were incubated for 24 hours at 37°C. The non-
hemolytic opaque creamy colonies on blood agar and non- lactose
fermenting on MacConkey agar, sub- cultured on another MacConkey agar
plate and were incubated for another 24 hoursat 37°C to obtain pure well
isolated colonies (Bailey and Scott, 1962) (Forbes et al., 2007). Also, a
specific and rapid isolation of A. baumannii was conducted based on
CHROMagar (HiCrome TM) with adding Multidrug resistance selective
supplement (FD271). All isolates of growth including (MDR) appeared
within (24 to 48 h) at 37°C, as light purple color with halos rounded the

colonies. The positive control of A. baumannii (ATCC, 19606) was
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cultured and the results compared with all isolates to give 100%

consistency.

2.2.7 Bacterial Identification

2.2.7.1 Microscopic Examination (Gram Stain)

One isolated colony was transferred to a microscopic slide, fixed then
stained with Gram stain, cell shape and arrangement were recorded. The

results were compared with (Brooks et al., 2013).
2.2.7.2 Biochemical Tests

All the biochemical tests were carried out according to (Brown and
Smith, 2014)
A- Catalase Test

On a clean microscope slide this test was performed by using the end
of a wooden swab, some cells from the bacterial culture were transferred to
the surface of a clean microscope slide, two to three drops of 3% hydrogen
peroxide (2.2.1.1.A)were added to the cells, then were mix with the wooden
stick, and vigorous bubbleswere observed.
B- Oxidase Test

A filter paper was saturated with little drops of 1%N-N-N-N-
tetramethylpara- phenylenediamine dihydrochloride (2.2.1.1.B). With a
woody applicator growth from an agar medium was smeared on the paper.

A positive check was formed a purple color within 10 seconds.

C- Motility Test

Motility of bacterial isolates was checked in semi solid motility
medium (2.2.2.2.G). Cultures were inoculated with a loop needle into the
center of the tube and incubated at 37°C for 24 hr. movement away from
the stab line or a cloudy appearance around the stabbing area indicated a

motile organism.
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D- Hemolysin Production

This test was used to detect hemolysin production on blood agar
previously prepared as mentioned in section 2.2.2.2.A. The plates were
cultured with the tested bacteria by streaking method and incubated at 37°C
for 24 hours. A hemolysis around the colony should be observed for the

positive result.

2.2.7.3 Vitek 2 system diagnosis

The Vitek 2 System was used to confirm the result of the manual
biochemical test, this system used to identify microorganisms . This system
was performed according to the manufacturer's instructions (Biomerieux-
France).

This system consists of :

1- A personal computer.

2- Reader/incubator that consisting of multiple internal components
including: card cassette, card filler mechanism, cassette loading processing
mechanism, card sealer , bar code reader, cassette carousel and incubator.
3- The system also contains: transmittance optics , waste processing,
instruments control electronics and firm ware. This system was performed
according to the manufacturer's Instructions (Biomerieux-France):

1- Three ml of normal saline were placed in plane test tube and inoculated
with a loopfull of single colony of overnight culture.

2- The test tube was inserted into a dens check machine for standardization
of colony to McFarland's standard solution (1.5x10° CFU/m).

3- The standardized inoculums were placed into the cassette.

4- Then a sample identification number was entered into the computer
software via barcode . Thus the vitek 2 card was connected to the sample
ID number. The cassette was placed in the filler module, when the cards

were filled, transferred the cassette to the reader/incubator module.
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2.2.8 Preservation of Isolates
2.2.8.1 Short Term Preservation

Bacterial isolates were maintained for few weeks on nutrient agar
plates which were wrapped tightly with parafilm and then stored at
4°C(Harley and Prescott, 1996) .

2.2.8.2 Long Term Preservation

Brain heart infusion broth addition to 5% glycerol was distributed
into plain tube, autoclave and inoculated with 24 hr. ancient culture of
bacteria isolates as wellas incubated at 37°C for 24 hr. then stored at -20°C
(Vandepitte et al., 2003).

2.2.9 Antibiotic Susceptibility Test

Kirby -Bauer method used to perform carry out the antibiotic
susceptibility test for 10 different antimicrobial agent Bacterial suspension
was prepared by picked 4-5 colonies of each bacterial isolate from original
culture and was suspended into a test tube containing 5 ml of normal
saline, then turbidity was adjusted to obtain approximately 1.5 x10°
CFU/ml (MacFarland tube). By a sterile cotton swab a portion of bacterial
suspension was transferred carefully and evenly spread on Mueller - Hinton
agar medium, and then it was left for 10 min. Then after the antimicrobial
discs were placed on the
agar with sterile forceps pressed firmly to ensure contact with the agar.
Later the plates were inverted and incubated at 37 C for 24 hr. Inhibition
zones that developed around the discs were measured by millimeter (mm)
unit by using a metric ruler. The isolate was interpreted as susceptible,
intermediate, or resistant to particular antibiotic according to CLSI
2020(Clinical and M100, 2020).
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2.2.10 Biofilm formation
2.2.10.1 Tissue culture plate method (TCP)

Organisms isolated from fresh agar plates were inoculated in 10 mL
of BHI broth with1% glucose. Broths were incubated at 37C° for 24 hrs.
The cultures were then diluted 1:100 with fresh medium. Individual wells
of sterile 96 well- flat bottom polystyrene tissue culture-treated plates were
filled with 200uL of the diluted cultures. The control organisms were also
incubated, diluted and added to the tissue culture plate. Negative control
wells contained inoculated sterile broth. The plates were incubated at 37°C
for 24 h. After incubation, contents of each well were removed by gentle
tapping. The wells were washed with 0.2 mL of phosphate buffer saline
(pH 7.2) four times. remove free-floating bacteria. Biofilm formed by
bacteria adherent to the wells were fixed by 2% sodium acetate and stained
by crystal violet (0.1%). Excess stain was removed by using deionized
water and plates were kept for drying. Optical density (OD) at 570nm of
stained adherent biofilm was obtained by using Spectrophotometer. The
experiment was performed in triplicate and repeated three times, the data
were then averaged, and the results were interpreted according to the table
(2-9) (Oliveira and Maria de Lourdes, 2010).

Table (2-6)Tissue Culture Plate Method (TCP)

Mean OD values Biofilm formation
<0.120 Non

0.120-0.240 Moderate

>0.240 High
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2.2.11 Preparation of nanoparticles suspension

2.2.11.1- Preparation of SWCNT-OH nanoparticles
suspension:

Ten mg of SWCNT-OH nanoparticles ,the size of SWCNT is 50
nm, dissolves in 10 ml Polyethylene glycol (PEG)-400 solution (as a
surfactant) to prepare a suspension of 1000ug/ml , continuous ultra-
sonication (over-night) for the suspension was achieved at the time of
preparation and each time prior to use so as to re-disperse the particles in
the solution (Kharisov et al., 2013).

2.2.11. 2- Preparation of AgTio, nanoparticles suspension:
Ten mg of AgTio, nanoparticles ,the size of AgTio, is 20nm,
dissolves in 10 ml D. W to prepare a suspension of 1000ug/ml ,
continuous ultra- sonication(over-night) for the suspension was achieved
at the time of preparation and each time prior to use so as to re-disperse

the particles in the solution (Kharisov et al., 2013).

2.2.12 The effect of AgTio,NPs and SWCNT-OH on Bacterial Growth

at 24 and 48-hours Incubation time

In brief, first well contain only 300 ul of BHI broth to adopt it as
negative control while the remaining wells were filled with 150 pl of
bacterial suspension except positive controls well which is filled with
double volume. Subsequently, the AgTio, (150 ul) was added to the third
wells. Then, double fold serial dilution was carried out across the plate
beginning with 1/2,1/4,1/8,1/16 and finally 1/32 dilution all dilution wells
with duplicated ,then the plates were incubated for 24 hours and 48 hours at
37°C.

The same steps mentioned above were repeated, but by adopting
SWCN- OH as an anti-growth instead of AgTio..
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" the effect of Ag Tio2 and SWCN- OH Nanoparticles was read by
ELISA reader at 405 nm. For 48 h the experiment was applied with the
same conditions used in 24h experiment but the incubation period was 48 h
(Mubdir et al., 2021).

2.2.13 The effect of AgTio,NPs and SWCN- OH on Bacterial Biofilm

production:

The antiadhesion properties of AgTio, against A. baumannii strains
were tested following a microplate biofilm assay.

Organisms isolated from fresh agar plates were inoculated in 10 mL of
BHI with 1% glucose. Broths were incubated at 370C for 24 h. The
cultures were then diluted 1:100 with fresh medium. First wells of sterile
96 wells flat bottom polystyrene tissue culture treated plates were filled
with 300 pL of the diluted cultures. The other wells were filled with 150 pl
of bacterial suspension, followed by the addition of 150 ul of AgTIO, stock
solution to the first well followed by transferring by double serial dilution.
Negative control wells contained clear broth. The plates were incubated at
37°C for 24 h. After incubation, contents of each well were removed by
gentle tapping. The wells were washed with 0.2 mL of phosphate buffer
saline (pH 7.2) four times. This removed free floating bacteria. Biofilm
formed by bacteria adherent to the wells were fixed by 2% sodium acetate
and stained by crystal violet (0.1%). Excess stain was removed by using
deionized water and plates were kept for drying.

The same steps mentioned above were repeated, but by adopting
SWCN- OH as an anti-biofilm instead of AgTIO,

Optical density (OD) of stained adherent biofilm was obtained by
using micro ELISA reader at wavelength 570 nm The experiment was

performed in triplicate and repeated three times(Chlumsky et al., 2020).
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2.2.14 Genotyping assays of A. baumanii
2.2.14.1- 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

experiments,and according to the following steps:

Stepl: Cell Harvesting/pre-lysis

e One ml of bacterial suspension containing approximately up
t01.2x10° cell/ml (equal to 4.0 McFarland standard) was transferred
to a 1.5ml microcentrifuge tube, centrifugation for 1 minute at 14-
16,000xg and discard the supernatant.

e A volume of 200 ul of GT buffer was added to the tube and
resuspend the cell pellet by shaking vigorously or pipetting, then left
at room temperature for 5 minutes.

Step 2: Lysis

e A volume of 200 pl of GB buffer was added to the sample and mix
by shaking vigorously for 5 seconds, then incubated at 70°C for
10minute

e or until the sample lysate is clear. During incubation, the tube was
inverted every 3 minutes. At this time, the required Elution Buffer
(200ul per sample) incubated at 70°C (for step 5 DNA elution).

Step 3: DNA Binding

e A volume of 200 ul of absolute ethanol was added to the sample
lysate and immediately mixed by shaking vigorously. If precipitate
appears, broke it up by pipetting.

e GD column was placed in a 2ml Collection Tube.

e All of the mixture (including any precipitate) was transferred to the

GDColumn and centrifuged at 14-16,000xg for 2 minutes.
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theGD Column in s new 2 ml Collection Tube.
Step 4: Washing

e A volume of 400 ul of W1 Buffer was added to the GD Column,

e Then, centrifugation at 14-16000xg for 30 second

e The flow-through was discarded and placed the GD Column back
inthe 2 ml Collection Tube.

e A volume of 600 ul of Wash Buffer (ethanol added) was added to
theGD Column.

e Centrifugation at 14-16,000xg for 30 seconds.

e The flow-through was discarded and placed the GD Column back
inthe 2 ml Collection Tube.

Step 5: DNA Elution

e The dried GD Column was transferred to a clean 1.5 micro
centrifuge tube and 100 pl of preheated Elution Buffer was added to
the center of the column matrix and let stand for 3-5 minutes or until
the Elution Buffer is absorbed by the matrix.

e Centrifugation at14-16,000xg for 30 seconds to elute the purified
DNA.

2.2.14.2- Detection of DNA concentration and purity by Nanodroop

The extracted DNA was checked by wusing nanodrop
spectrophotometer, which measured DNA concentration (ng/pL) and check
the DNA purity by reading the absorbance at (260/280nm) as following
steps:

1. After opening up Nanodrop software, chosen the appropriate application
(Nucleic Acid, DNA).
2. A dry wipe was taken to clean instrument pedestals several times. then

carefully pipette 2 pl of ddH20 on to the surface of the lower measurement
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pedestals for blank system.

3. The sampling arm was lowered and clicked ok to initialized the
nanodrop, then cleaning off the pedestals and 1 pl of extracted DNA
carefully pipette onto the surface of the lowered measurement pedestals,
then concentration and purity of extracted DNA was checked (Wilfinger et
al., 1997).

2. 2.14.3 PCR amplification
2.2.14.3.1 Oligonucleotides primer pairs

All primer pairs used in this study were purchased from macrogen
(Korea) in lyophilized form. Primarily, the stock solution was prepared by
dissolving the lyophilized powder in nuclease free water buffer according

to manufacturer’s protocol.
2.2.14.3.2 PCR Master Mix

A. Master Mix Kit:
GoTaq Green Master Mix Kit is a premixed ready-to-use solution for
amplification of DNA templates by conventional PCR. This kit was
purchased from Promega/USA. This master mix contains the following:
= Taq DNA polymerase: This enzyme responsible for the synthesis of
new DNA strand during PCR reaction.

= Reaction buffer (2X) important for maintenance, pH about 8.5 also
contains a compound that increases sample density.

= Deoxyribotriphosphates (ANTPs) 400 uM of the following: dATP,
dGTP, dCTP and dTTP.

= Magnesium ions MgCl, (3mM), which is a co-factor for enzyme action.

» Loading dye: containing a mixture of yellow dye (xylene cyanol) and
blue dye (bromophenol blue), important for direct PCR product loading
for analyzed by agarose gel electrophoresis.
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B. GoTaqg Green Master Mix kit protocol:

The multiplex and uniplex PCR amplification mixture which used
for detection of cas gene and ERIC/BOX respectively were listed in tables
below, table (2-7).

Table (2-7a): Contents of the Reaction Mixture multiplex of PCR

Contents of the reaction Volume

mixture multiplex

Green master mix 12.5ul

Upstream primer 3ul(1 pl for each primer)
Downstream primer 3ul

Nuclease free water 3.5u

DNA template 3ul

Total volume 25 ul

Table (2-7b): Contents of the Reaction Mixture uniplex of PCR

Contents of the reaction mixture | Volume
uniplex

Green master mix 12.5ul
Upstream primer 2.5ul
Downstream primer 2.5ul
Nuclease free water Sul
DNA template 2.5ul
Total volume 25ul

2.2.14.3.3 Primer Sequences and PCR conditions

The primer sequences and PCR conditions thatused are listed in tables2-8.
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Table 2-8: The primer sequences and PCR conditions

Genes | Primer sequence (5°- 3") PCR Ref.
Name condition
Casl F GCTGCGATGCGAATGTTATGT
R AGTACCCAAAGTGTCGTCGC | 94°C for 5 min
Cas2 F
CGCTATGGTGTTTAAGTTACGA 94°C for
R 1min
GAAAAACCGCAAGACGGTCA 55°C
Cas3 F forlmin
ACTTGATTATGATGCTATGCCCA 72°C
R TCGCTCTTGTTCACTGCGTA forimin
Casb F TGCTTGTGCTTTAGGTGAGCA | (Leungtongkam
35 cycles etal., 2020)
R CACCGTATGGCTCAATCGCA
Casb F GGAAACTGCCTGCGCATTA _
72°C for10 min
R ATCCCGCGTTTTCACTCTCC
Cas9 F ACTCTCGAAGACAAAGCGCA
R TGGTTGCGACCACACAGTTT
I-F- F GCCTCGAGCCAAGATTACAG | 94°C for5min design in this
CRISPR | R. CCTCACGTTTTGCACTGAGA Study
94°C for 1min
52°C forlmin
72°c forlmin
*35 cycles
72°C for10 min
ERIC-1 | TGTAAGCTCCTGGGATTCAC 94°C for 5 min (Aljindan et al.,

94°C for 1min

2018)
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ERIC-2 | AAGTAAGTGACTGGGGTGAGCG 52°C forlmin
72°C forlmin

*35 cycles

72°C forl0 min

BOX | CTACGGCAAGGCGACGCTGACG 94°C for 5min | (Bilungetal.,
2018)

94°C for 1min
40°C for 2min
72°C for 2min

*35 cycles

72°C forl0 min

2.2.14.4 Detection of Amplified Products by Agarose Gel

Electrophoresis

PCR products were visualized on 1.5%. Agarose gel electrophoresis
stained with Ethidium bromide according to(Lee et al., 2012).

A- Preparation of gel:

e The gel was prepared at a concentration of 1.5% by dissolving 1.5gram
of agarose in 100ml of TBE working buffer (1X).

e Heating mixture until agarose was completely dissolved.

e The mixture was left to cool to about 50-60°C then 1 ul of ethidium

bromide was added to the gel.
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B-preparation of casting horizontal agarose gel:

e The casting platform was placed with well former sideways in gel stand
where the gel was poured.

e The gel was poured on an electrophoresis plate fixed on an even surface.

e The comb was placed and the gel was left to cool and solidify for 30 min
at room temperature.

e After the gel was set, the combs were removed carefully and the tank
was placed into electrophoresis system. Then added 1X TBE buffer until

covered gel (approximately 1 - 2 mm above the gel surface).

C-Running of products

e When the thermocycling was finished, the PCR tube was handled
outside the thermocycler. 5 ul of each PCR product along with 100bp
DNA ladder was loaded into the gel wells.

e The system cover put into place and then turned on. The gel was run for
1hr at 70 volts.

2.2.14.5 Visualization

Following electrophoresis, visualization was conducted with a UV
transilluminator and image was captured by the digital camera (Canon,
USA).

2.2.14.6 Cluster Analysis

The banding patterns generated by BOX-PCR and ERIC-PCR were
analyzed using PyElph version 1.4. The dendrograms were constructed
using an unweighted pair group method with arithmetic mean (UPGMA),
according to published guidelines by Pavel and Vasile (Pavel and Vasile,
2012). This method was used because UPGMA is the simplest distance-

matrix method in constructing a phylogenetic tree using uncorrected data.
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ERIC-PCR fingerprinting with the BioNumerics fingerprint data software
package (Applied Maths, Sint-Martens-Latem, Belgium)

Normalization steps were included in the analysis of DNA
polymorphism patterns produced by ERIC-PCR fingerprinting to ensure an
adequate gel-to-gel banding pattern comparison. The process of band
scoring was used to identify bands in each lane that combined to make the
fingerprint based on the stringency threshold and optimization settings.
Dendrograms were generated for the ERIC-PCR gels using the Dice
similarity coefficient and the unweighted pair group method using
arithmetic averages, with 1% optimization and 1% position tolerance
(Bilung et al., 2018). A. baumannii strains with a similarity exceeding 90%

were considered to be clonally related.

2.2.14.7 Statistical analysis

All frequency data was analyzed by Pearson’s chi-squared test and
Fisher’s exact test . Data were processed and analyzed by using statistical
program social science (SPSS22)and the result were expressed percentages
(McDonald, 2014).
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3. Results and Discussion

3.1 Collection and Isolation of A. baumanii Isolates
During the present study period extended from October 2021 to
January 2022, a total of (150 ) clinical specimens were collected from
sites suggested to have infection such as burns, wounds infections,
respiratory infections ,and urinary infections. All clinical specimens
were cultured on different media. All isolates were identified by
culturing on blood agar and MacConkey agar and CHROMagar plates
and confirm by biochemical test and vitek 2 compact system, The results
indicated that 23 ( 15.3%) of the isolates belonged to A. baumannii It
was found that 12 (26.6%) isolates obtained from sputum, five isolates
(14.2%) detect from burns ,three isolates (7.5%) were detected from
wounds, and three isolate (10%) isolated from urine , as shown in

Table (3-1).

Table (3-1): Distribution of A. baumanii According to Clinical

Specimen.
Clinical source Total No. Number of A. Percentage %
baumannii
isolate
Sputum 45 12 26.6
Burns 35 5 14.2
Urine 30 3 10
Wounds 40 3 7.5
Total 150 23 15.3

These results indicate that A. baumannii was highly isolated from

respiratory infection (26.6%) follow by burns samples and Urine.
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Rajkumari et al. (2020) found that from 138 (11.49%) isolates
Acinetobacter were obtained from various specimens. The isolation rate
of Acinetobacter spp was highest number from sputum sample
44(31.88%) followed by endotracheal tip/aspirate (16.66%), pus
(15.21%), tips (12.31%) and urine (10.14%).

Additionally Kaur et al. (2016) found that a total of 48 A.
baumanii isolates were obtain in which (33%) detect from respiratory
samples-tracheal aspirate, Endotracheal secretions and sputum (68.7%)
followed by pus (12.5%), blood (8.3%), Intercostal drain tube and CSF
(4.2%), urine (2.08%), predominance of A. baumaniiin respiratory
sample and it agree with the result obtain in this study were the high
isolation detect in respiratory system.

Alatrouny et al. (2013) found that at a total of the 55 positive
samples , 23 ( 41.82 %) were detect from sputum, followed by tracheal
secretions 11 ( 20 %) , central venous CV line 8 ( 14.55 % ) , wound 8 (
14.55 % ), urine 3 ( 5.45 %) and blood 2 ( 3.63%).

The respiratory tract has already been confirmed to be the most
common isolation site of A. baumanii , also various risk factors noticed
have been significantly associated with infection caused by A.
baumanii like mechanical ventilation ,indwelling catheters and
admission of the ICU which increased the percentage of isolated
(Lukovic et al., 2020).

Higher isolation rate from respiratory samples probably due to the
fact that most patients either had prior respiratory problems or were in
ventilators or because of low immunity or severe illness gave the best of
opportunity of Acinetobacter commensal of upper respiratory tract to
become a pathogen or from contaminated hands and objects of the

health care workers.
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As a consequence of the Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) pandemic and the associated disease
(COVID-19), patients undergoing mechanical ventilation have soared,;
these patients are particularly at risk for nosocomial Acinetobacter spp.
infections, due to the introduction of assisted ventilation and the
preceding viral infection, which predisposes patients to bacterial
superinfections. Rapid increases are expected in the resistance rates of
Acinetobacter spp. and other bacterial pathogens, associated with the
extensive and prophylactic use of antimicrobials in relation with
COVID-19 (Rangel et al., 2021) .

But this result is invariance with other studies as by Lahiri et al.
(2004) and Dimple et al. (2016) as they found the highest isolates from
tips (43.4%), and Oberoi et al. (2009) found the highest isolates detect
from pus samples (86.2%).

Other results are produced by Raut et al. (2020) found that the
high isolation rate of A. baumanii from Wound Swab (33.3%),
followed by sputum (21.1%) and urine culture (14.9%) .

Ayenew et al. (2021) show that a total of 102 Acinetobacter strains
were isolated from various clinical specimens the major source of the
isolates Pus/wound (33.3%), followed by blood (23.5%), urine (15.6%),
body fluid (11.7%), ear (4.9%), cerebrospinal fluid (3.9%), tracheal
aspirate (1.9%), sputum (0.9%) and throat (0.9%).

The difference in the isolate number sample might be due to size,
sources, types of samples, antibiotic usages, and infection control
practice in the hospital, which can affect the isolation rate of bacteria
from different clinical specimens .

The frequencies of Acinetobacter from clinical samples vary by
hospital, patient population, exposure to antibiotics, types of patient and
changes over time
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3.2 ldentification of A. baumanii

Overall, all the A. baumannii isolates were phenotypically identified
on both Blood and MacConkey agar with some different characteristics
observed as show in figure (3-1 A and B). The morphology of colonies
has been seen on the blood agar within 24 h at 37°C. The color growth
was white to gray and tiny circular shapes with no hemolysis noticed on
colonies and surrounding area due to having no enzyme to hemolyze
blood. While, the colonies properties which were appeared on the
MacConkey agar at the same lab conditions can be discriminated with
mucoid, faint pink, non-fermented lactose sugar, rounded and tiny shapes
(Sehree et al., 2021).

Also, a specific and rapid isolation of A. baumannii was conducted
based on CHROMagar (HiCrome TM) with adding Multidrug resistance
selective supplement (FD271). All isolates of growth including (MDR)
appeared within (24 to 48 h) at 37°C, as light purple color with halos
rounded the colonies as show in figure ( 3-1c). The positive control of A.
baumannii (ATCC, 19606) was cultured and the results compared with all

isolates to give 100% consistency (Sehree et al., 2021).

The isolates taken from MacConkey agar plate and stained by
Gram stain appear under light microscope as a pink coccobacillus wich
referred Gram -ve bacteria and arranged in diplococcic. In biochemicals
test, all A. baumannii isolates showed negative results for oxidase test

and motility test, whereas a positive results for catalase.
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Figure 3-1: Phenotypic characteristic of Acinetobacter baumannii colonies, A:
on blood agar, B: on MacConkey agar and C: on selective medium
CHROMagar ™.

3.3 Identification of A. baumanii by Vitek - 2 compact system

The clinical isolates identified as A. baumannii using VITEK 2
system used the identification card for Gram negative strains (ID-GNB).
The obtained result shows an interesting percentage of accuracy (99%)
(Appendix).

These results were identical to the findings of Jassim et al. (2016).
The accurate and rapid identification of A. baumannii was critical for the
appropriate infection control in hospital settings. Up to date, the most
common and widespread detection methods include characterization via a
phenotypic system and commercial phenotypic methods (e.g.,the Vitek-2
compact system, Biomerieux). Also , in a study by Almaghrabi et al.

(2018) who used vitek to successfully identify most Acinetobacter species.

3.4 Antibiotic Susceptibility profile of A. baumanii by disc diffusion
method

All isolates were tested for susceptibility to (10) antibiotics by
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using disc diffusion method on Mueller Hinton agar for testing their
susceptibility and to identify the most effective one against A.
baumannii. However, the overwhelmed A. baumannii isolates that
recovered from clinical specimens were highly resistant to most
antibiotics that used in the present study. The antimicrobial
susceptibility profile in this study shows the highest resistance
percentage 100% were to Cefepime, followed by 91% resistant rate to
Trimethoprim- Sulfamethoxazole, 80% resistant rate to Gentamicinand
Amikacin, 77% resistant rate to Ciproloxacin, Ceftazidimeand
Levofloxacin, 73% and 70% resistant rate to Amoxicillin-clavulanica
acid and Meropenem respectively, while low resistance percent 50% was
to Tetracycline, the rate of resistance shown in figure 3-2 . This can be
attributed to the fact that antibiotics may have revolutionized the

treatment of common bacterial infections (WHO, 2014)
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Figure 3.2: Percentage of resistance’s isolates A. baumannii to different

antibiotics
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The antimicrobial susceptibility profile revealed a high resistance of
A. baumannii to Cefepime (100 %), Ciprofloxacin (77%), Ceftazidime
(77%), the result was agreement to Alatrouny et al. ( 2020) which found
there was a high resistance rate for cefepime (93.3%), ceftazidime
(100%),and ciprofloxacin (74.4%). Also, agreements with Raheem and Al-
Hasnawy (2020) who found that (100%) resistant to Cefepime and
ceftazidime (91.3%) and with Ozgelik et al. ( 2020), which was found high
rates of resistance to most antibiotics, and he found that (100%) resistant to
cefepime, ceftazidime and ciprofloxacin.

The high resistance rate to p-lactam due to high production of f-
lactamase which will give longer validity and surviving to this bacterium,
because the hydrolysis of B-lactams takes place before the drug can bind to
PBPs in the cell membrane (Yahav et al., 2020).

Also, the present study found that the resistant rate of Trimethoprim-
Sulfamethoxazole Ibrahim et al. (2021) (91%), this result agrees with
Smiline Girija (2019) and with Sehree et al. (2022) whose showed that the
resistant rate is (91.78%) and (91.2%) respectively.

The results of the present study found that (80%) are resistant to
Gentamicin, Amikacin , this result was agreed with the results that found
in (Saudi Arabia) by Ibrahim et al. (2021), A. baumannii revealed the
highest resistance rates for gentamicin (88%) and amikacin (86%) , And
with Ozcelik et al. (2020) found that of A. baumannii isolate were
resistant( 68%) for amikacin, (78%) for gentamicin. Also, agreements
with Sehree et al., (2022) who found that resistance rates for Gentamycin
was (93.6%), and Amikacin (87.6%).

The production of 16S RNA  ribosomal methyltransferase,
especially ArmA, is a mechanism of resistance to aminoglycosides, A.
baumannii strains that produce ArmA are highly resistant to gentamicin,

amikacin, and tobramycin (da Paz Pereira et al., 2020).
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The results in this study found resistance rate to Levofloxacin was
(77%) this result was agreement to the result detect by Shen et al. (2016)
who showed that (76.24%) isolates were resistant to levofloxacin.

Moreover, the results in this study refer resistance rate to

Amoxicillin-clavulanic acid ( 73%) this result was agreement to the
result detect by Nakbubpa et al. (2021) show high resistant percentage
to amoxicillin-clavulanic acid (84.62%).

(Penicillin-binding protein) PBP2 has been shown to have the
highest affinity for penicillin and beta lactamase inhibitors. A.
baumannii’s PBP2 to initiate an effect against the microorganism , The
resistance of A. baumannii is associated with a reduced expression of
PBP2 and B-lactamase inhibitors, such as clavulanic acid (Vazquez-Lopez
et al., 2020)

The result of resistance level for Meropenem in this study was
(70%) which agree with Sehree et al. (2021) who found that the
resistance (85.3%) for Meropenem, and agreement with Raheem and Al-
Hasnawy, (2020) showed high rates of resistance to most antibiotics used
Jlike resistant to Meropenem (62.2%).

Resistance occurs when the organism including an altered PBP that
is encoded by the genes in A. baumannii can be constitutive or acquired by
means of integrons, transposons, and plasmids. They encode both the
enzymes that modify the antibiotic molecules and the modifications of the
antibiotic target sites. These genes also code for the efflux pump proteins
and porin channels of the cell membrane, both systems related to the
decrease in the intracytoplasmic concentration of the antibiotic(Bello and
Dingle, 2018) .

The results in this study show resistance rate to Tetracycline (50%)
this result was identical to tetracyclines resistant percentage (50-60% )

showed by Mahich et al. ( 2021),while (31.7%) resistant percentage
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foundin study done by (Sehree et al., 2021).

Resistance against tetracyclines is mediated by various mechanisms,
including active efflux of the antimicrobial mediated by resistance
proteins in the bacterial cytoplasmic membrane and inhibition of
ribosomal and tetracycline binding (Zhang et al., 2021).

The increasing rates of antibiotic resistance can be attributed to
multiple causes. These is a direct relationship between the emergence of
resistant strain and the magnitude of antibiotic consumption, resistance
mechanisms can be transition from one bacterium to anther by either
longitudinally ,when inherited from relatives or horizontally by means of
plasmids, the latter may result in the transference of resistance among
difference species . Also, massive agricultural use of antibiotics, also the
availability and low cost of antimicrobials has led to considerable
redaction of investment into new alternative by the pharmaceutical
industry (Vazquez-Lépez et al., 2020).

On the report of the World Health Organization (WHO) published
in 2017, there was an urgent need for new antibiotics for 6 pathogens
called the ESKAPE (ESKAPE is the acronym for the group of bacteria
that include Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, A. baumannii, Pseudomonas aeruginosa, and Enterobacter
spp.) (Mulani et al., 2019).

Acinetobacter has been considered a reservoir of antibiotic-resistant
genes in a hospital environment; this is confirmed by results which
showed high resistance rates to most antibiotics used. (Kong et al., 2011).

The high resistance rates recorded in the study are likely to be
associated with a wide range of empirical and therapeutic use of
antibiotics at hospitals. The employed selective pressure by this results in
MDR strains emerging, which in turn may have led to the genes encoding
resistance mechanisms (Mohammed et al., 2022).
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3.5 Detection of biofilm formation by A. baumanii using tissue culture
plate method (TCP)

A total of (23) isolates of A. baumannii were tested for their ability
to produce biofilm. And the result show that all the isolates 23 (100%)

were strong biofilm formation as shown in table 3-2.

Table 3-2: Result of Tissue culture plate method (TCP)

Isolates (No.) Biofilm formation No.(%o)
Strong Moderate None/Weak
Acinetobacter 23 (100%) 0 (0%) 0 (0%)
baumannii (23)

Tissue culture plate (TCP) method defined by Christensen et al. as
gold standard assay, was used for identification of biofilm formation (TCP)
method is a more quantitative and reliable method for the detection of
biofilm-forming microorganisms as compared to other methods. In this
method, biofilm formation was considered positive when a visible film
lined the wall and bottom of the tube biofilm are formed and gave a high
optical density value compared to the control Differentiation of A.
baumannii isolates as biofilm producers or non-biofilm producers was done
by using 96 wells micro titer plate and ELISA reader according to mean of
OD value at 570nm. The results were interpreted as none, moderate and
high biofilm producer when the mean of OD value is ( < 0.120 Non/weak
_0.120- 0.240 Moderate _ > 0.240 Strong ) (Sultan and Nabiel, 2019).

Pompilio et al. (2021) and Sarshar et al. (2021) found that the
majority of Acinetobacter isolates (62.14% overall) were strong biofilm
producers, both in the MDR and non-MDR groups; there tests conducted
did not verify a significant difference in biofilm formation based on the

susceptibilities of the relevant isolates to the tested antimicrobials. Based
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on the reports from the recent literature, the rate of biofilm formation in A.
baumannii is around 75-100%, which is similar to rates observed in
nonfermenting Gram -negative bacilli, and significantly higher than those
of members of the Enterobacterales and Gram-positive bacteria (0—-40%).

Al-Shamiri et al. (2021) reported that a among the 70 tested
isolates,51.4% were strong biofilm formers, 41.4% were moderate biofilm
formers, and 4.3% were weak biofilm formers , only 2.9% were unable to
form biofilms. and all these A. baumannii isolates produced biofilm were
resistant to antibiotic.

Zeighami et al. (2019) reported that all isolates were able to produce
biofilm and 58% of isolates showed strong ability to biofilm formation. All
strong biofilm forming A. baumannii isolates were XDR. All A. baumannii
isolates carried at least one biofilm related gene. The most prevalent gene
was csuk (100%), followed by pgaB (98%), epsA and ptk (95%), bfmS
(92%) and ompA (81%). 98% of isolates carried more than 4 biofilm
related genes, simultaneously.

Mangas et al. (2019) compared nearly 2000 A. baumannii genomes,
they observed that strains carrying CRISPR systems were enriched for
biofilm-associated genes (>70 vs <2% non-CRISPR strains), suggesting a
link between CRISPR immunity and biofilm formation .

Previous research has shown that Cas3 endonuclease is involved in
the control of biofilm formation in both Gram -positive and Gram -negative
bacteria (Colguhoun and Rather, 2020).

Several mechanisms considered key factors in the high resistance of
biofilms have been explored: limited diffusion, enzyme-caused
neutralizations, heterogeneous function, slow growth rate, biofilm
phenotype adaptive mechanisms (Yang et al., 2019).

A. baumannii has the ability to form biofilm on a wide range of
surface including abiotic surface as well as host epithelial cell many
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virulence factors have been implicated in bacterial cell adherence however
the plasticity observed in A. baumannii genomes leads to significant strain-
specific variations in biofilm formation and the presence of known biofilm-

associated genes in A. baumannii (Colguhoun et al., 2020).

3.6 Effect of AgTIO, and SWCN-OH Nanoparticles on A. baumannii
growth

In this study the effect of AgTIO, and SWCN-OH was examined
against A. baumannii isolates growth by making five double serial dilutions
at (1/2, 1/4, 1/8, 1/16 and 1/32) form stock solutions (concentration 1000
ug/ml); then after incubation for 24 and 48 hours the bacterial growth had
been monitored and checked with spectrophotometer.

Results showed that there was a significant (p<0.05) decrease in growth
of bacteria after 24hr and 48hr of incubation with different concentrations
of AgTIO, and SWCN-OH nanoparticles especially with the first and
second dilution, as shown in figure (3-3) (3-4). Moreover, the result

indicates that 48hr more effective in growth inhibition than 24hr.
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Figure 3 -3: Effect of double serial dilution of Ag Tio, Nanoparticles on
A. baumannii growth (p<0.05)
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The highest concentration of Ag Tio, after diluted for (1/2) made the

highest inhibition effect for bacterial growth and this inhibition minimized
the bacterial growth from (1.36) to (0.5) after 24hours of incubation while
after 48 hours of incubation bacterial growth minimized from 1.29 to 0.22.
While the lowest concentration of Ag Tio, that made by diluted the
nanoparticles for (1/32) showed the lowest inhibition effect on A.
baumannii growth after 24 and 48 hours of incubation.

As an antibacterial agent, silver-titanium dioxide nanocomposite
materials are widely known for their anti-pathogenic ability; studies have
reported efficacy against various strains of Gram-positive bacteria (B.
subtilis, S. aureus, MRSA), Gram-negative bacteria (E. coli, K. pneumonia,
P. aeruginosa) and fungi (C. albicans) (Muflikhun et al., 2019).

Ag-TiO, nanoparticles has been discussed to be a solution to
antibiotics resistance problem. It also can destroy microbes and bioaerosols
(dust mites, mold spores) by disintegrating their DNA. Silver nanoparticles
may directly attach to and penetrate the cell membrane to kill spores,
although penetration of silver nanoparticles into microbial cell membranes
is not completely understood. The use of the low-cost photocatalyst and the
possibility of its activating with solar light offer economically reasonable
and environmentally friendly solutions to the disinfection process,
development of self-cleaning materials and the protection of technical
materials from biodeteriorating microorganism (Ahmad Barudin et al.,
2013).

Several mechanisms have been reported for the antimicrobial
property of silver doped TiO, nanoparticles ,The first step is that the
adhesion of nanoparticles to the cell surface rated by the TiO, photocatalyst
attacks the outer membrane. The second step is the effective uptake of the
silver ions into the cytoplasmic membrane, degrade lipoolysaccharide
molecules, accumulate inside the membrane and cause membrane

permeability ,Silver particles penetrating inside bacterial cell, thus damage
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the DNA Dissolution of silver releases antimicrobial Ag ions .In this case,

the TiO2 photocatalytic reaction assists the intrusion of the silver ions into
the cell (Ahmad Barudin et al., 2013).

The main mechanism of TiO, NPs toxicity is potentially associated
with metal oxides carries the positive charge even though the
microorganisms bear negative charges; this results in electromagnetic
interaction between microorganisms and metal oxides leading to oxidation
and finally death of microorganisms. Bactericidal action of TiO,
nanoparticles on bacteria is of extreme importance due to the ability of
pathogenic bacteria to join the food chain of the ecosystem . The
antibacterial activity of TiO,NPs was due to the capability of TiO, particles
to cause free hydroxyl radicals (OH") (Hamza and Yaaqoob, 2020).

Similarly, for SWCN-OH the highest concentration at diluted (1/2)
made the highest inhibition effect for bacterial growth and this inhibition
minimized the bacterial growth from (1.36) to (0.1) after 24hours of
incubation while after 48 hours of incubation bacterial growth minimized
from 1.29 to 0.1. The lowest concentration of SWCN-OH that made by
diluted the nanoparticles for (1/32) showed the lowest inhibition effect on
A. baumannii growth after 24 and 48 hours of incubation as shown in

figure 3-4.
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Figure 3-4: Effect of double serial dilution of Single Walled Carbon
Nanotubes (SWCN-OH) on A. baumannii growth

Dong et al. (2012) demonstrated that SWCNTs having surface
groups of —OH and —COOH exhibited extremely strong antimicrobial
activity to both Gram-positive and Gram-negative bacterial cells.

carbon nanotubes have been exploiting numerous biomedical
applications such as drug carrier ,biosensor and tumor hyperthermia
Despite the widely application of carbon nanotubes, a number of studies
have been reported on the potential toxic effects of the nanomaterials to
lungs and human cells. On the other hand, the toxic carbon nanotubes were
used to kill undesirable microorganisms (Li et al., 2014).

Carbon nanotubes showed good bactericidal and bacteriostatic

activity when bacteria get thoroughly exposed to them, and the antibacterial
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activity were closely related with its size and specific surface area, for this
reason, single-walled carbon nanotubes (SWCNTSs) displayed stronger
antibacterial activity than multi-walled carbon nanotubes (MWCNTYS)
(Lietal., 2014).

The decrease in the bacteria growth may be due to the three-step
SWNT antimicrobial mechanism involving (i) initial SWNT—bacteria
contact, (ii) perturbation of the cell membrane, and (iii) electronic

structure-dependent bacterial oxidation (Vecitis et al., 2010).

3.7 Effect of AgTIO, and SWCN-OH on the biofilm formation by A.

baumanii

In this study the effects of AgTIO, and SWCN-OH were examined
against biofilm formation in A. baumanii isolates by making four double
serial dilutions from stock concentrations as (1/2, 1/4, 1/8, and 1/16) and
those concentrations were (1000 pg /mi). The results showed that there was
a highly significant (p<0.05) decrease in biofilm production in bacteria
after exposure to the different concentrations of AgTIO, and SWCN-OH
nanoparticles after 24hr, the ability of A. baumanii to form biofilm had
been monitored and checked with spectrophotometer and the first diluent is

the best one. as expressed in figure 3-5, 3-6.
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Figure 3-5: A. baumanii biofilm inhibition by double serial dilution of
AgTI0O, Nanoparticles

Alavi et al. (2018) reported that the biofilm formation in E. coli, S.
aureus, and P. aeruginosa higher sensitivity to Ag-TiO, in 78.05%,
82.15% and 86.52% respectively at value of 100 ug/mL.,the antibiofilm
ability of NPs can be resulted from disrupting of biofilm structure and
penetration of metal ions into under layers of bacterial colony which is not
accessible for common antibiotics .

Biofilms are difficult to eradicate with conventional disinfectants, the
activity of disinfectants such as metal oxide nanoparticles (NPS) is
increasing. In the last decade, many studies describing the photocatalytic
inactivation of bacteria using doped and undoped TiO, coated on different
substrates have been reported, including silver doped TiO,,

Natarajan (2015) showed that the biofilm was highly inhibited by
Ag-TiO2 ,The Ag-TiO2 composite (1 wt%) showed 77%biofilm inhibition
in E. coli while in S. aureus biofilm showed 67% ihibition after 18 h of

incubation, The higher activity of these composites against E. coli a Gram-
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negative bacterium is attributed to its thinner peptidoglycan cell wall

compared to S. aureus a Gram-positive bacterium. antibiofilm activity of
composite is directly proportional to Ag-TiO, loading. Exposure of the
composite with 1.5 wt% Ag-TiO, for 24 h. resulted complete inhibition of

biofilm in case of both E. coli and S. aureus.
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Figure 3-6: A. baumanii biofilm inhibition by double serial dilution of
SWCN-OH Nanoparticles

The increasing number of biofilm-related infections has motivated the
development of effective strategies to prevent microbial adhesion and
biofilm formation on medical surfaces (Chine et al., 2016).

CNTs are attractive materials with proven antimicrobial and anti-
adhesive activities against a broad range of Gram-positive and -negative
bacteria, including drug-resistant microorganisms and fungi (Teixeira-
Santos et al., 2021).

Microorganisms respond to the  CNTs. Numerous toxicity
mechanisms have been proposed for CNT, comprising, disruption/
penetration of the cell envelope, oxidation of cell components, interruption

of trans membrane electron transfer, and formation of secondary products
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such as reactive oxygen species (ROS) or dissolved heavy metal ions.

Toxicity of a CNT is dependent on its along with its geometry and surface
functionalization. Whereas CNTs without functionalization appeared
severely toxic to human or animal cells lines at moderate dosage (Khalid et
al., 2016).

Al-Jumaili et al. (2017) studied the lethal effects of CNTs on biofilm
formation to evaluate their potential to impede microorganism attachment
and proliferation at different stages of bacterial colonization. Biofilm
structure provides significant protection for bacterial cells and renders them
highly resistance to detachment by physical forces and harmful
nanoparticles. CNTs have shown strong bactericidal activities towards cells
in biofilms, . It has been reported that microscopic examinations to the
bottom layer of the biofilms of E. coli and B. subtilis in direct contact with
coatings containing SWCNT showed that ~80-90% of the microbial cells
were dead . Yet, the interaction of CNTs with biofilm is highly dependent
on the stage of biofilm formation, where the efficacy of CNTs is more
pronounced at the early steps of biofilm formation . As soon as
microorganisms become protected within the structure of the mature
biofilm, they are less susceptible to the influence of CNTs than bacteria in

other biofilm phases.

The anti-adhesive effect can be caused by the mobility of CNTSs,
which create an unstable substrate, and thereby affecting appropriate
microbial adhesion. CNTs inhibit microbial biofilms in a concentration
dependent mode: 50 ug / mL—1 SWCNTs reduction the biofilm by 81.19%,
and >200 pg / mL—1 SWCNTs totally inhibit the biofilm . However, more
in-depth understanding of how CNTs interact with biofilms is needed to
engineer appropriate nanomaterial agents to effectively disturb

microorganisms at any growth phase or biofilm stage (Malek et al., 2016).
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3.8 Molecular Detection of cas genes in A. baumanii

The CRISPR/Cas systems are one of the phage immunity systems
that are present in bacteria and enabling the organisms to respond and
eliminate invading genetic material. Across the 20 strains In this study,
amplicons of casl (506 bp) , cas2 (196 bp) and cas3 (850 bp) genes were
present in 5(25)% , 3(15)% , 9(45)% isolates respectively. Amplicons for
cas 5, cas 6 and cas 9 were 611bp, 432bp and 247bp respectively.

The cas 5 gene was found in 3(15)% isolates, while cas 6 was
detected in 7(35)% isolates, the cas9 gene was found 6(30)% as shown in
table(3- 3) and figure (3-7)(3-8).

Table 3-3: Identification of cas genes of A. baumanii in all studied

samples

P value

casl cas?2 cas3 casb casb cas9
Results

N (%) |N (@) |N(@6) |N@©@6) |N @) |N ()

Positive |5(25) |3(15) |9(45) |3(15) |7(35) |6(30)

Negative | 15(75) | 17(85) | 11(55) | 17(85) | 13(65) | 14(70) <0.001

Total 20 20 20 20 20 20

* represent a significant difference at p<0.001.

Table 3-4 : Identification of Cas genes of A. baumannii in patients with

different sample sources.

Sample | casl cas2 cas3 casb casb6 cas9
Sources | N (%) N (%) N (%) N (%) N (%) N (%)
Urine 213 1/3 3/3 1/3 2/3 1/3
(66.6) |[(33.3) [(100) (33.3) |[(66.6) |(33.3)
1/9 1/9 2/9 1/9 3/9
Soutum gy a1y |22) |aty |33y |30 ©833)
BUMS 1/5 1/5 3/5 1/5 2/5 1/5
(20) (20) (60) (20) (40) (20)
wound | 3 0 |3 00) |0 |1/3(333)
(33.3) (33.3)
Total 5/20 3/20 9/20 3/20 7120 6/20

73



Chapter Three Results and Discussion

Fig. 3-7 : Agarose gel electrophoresis of Multiplex-PCR products obtained by
using casl, cas2 and cas3-specific primers. the lanes 1-4, 12, 13and 15 represent the
identified casl or cas2 or cas3 gene products with 506bp for casl, 196bp for cas2,
850bp for cas3, Lane M represent 100bp DNA ladder ,the electrophoresis was
performed at 70 volt for 1 hr.
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Fig. 3-8 : Agarose gel electrophoresis of Multiplex-PCR products obtained by
using casb, cas6 and cas9-specific primers. the lanes 1-4, 6, 7 and 12 represent the
identified cas5 or cas6 or cas9 gene products with 611bp for cas 5, 432bp for cas6,
247bp for cas9, Lane M represent 100bp DNA ladder, the electrophoresis was
performed at 70 volts for 1 hr.
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The CRISPR- CAS system is composed of the cas genes organized
in operons and the CRISPR arrays, which comprises two structures, the
spacer target sequences from the foreign nucleic acid and the repeats,

identical sequences interspersed with the spacers (Garrett, 2021).

Leungtongkam et al. (2020) who found that the A. baumannii
contain 32 (13.91%) casl , 2 (0.87%) cas2 and 30 (13.04%) of cas3
isolates. The cas5 gene was found in 34 (14.78%) isolates, while cas6 was
detected in 7 (3.04%) isolates. The cas9 gene was not found among any of

the A. baumannii isolates.

While Lin et al., in (2016) showed that Klebsiella pneumoniae
isolated from the hospital environment have a decreased level of phage
immunity and a reduction in CRISPR-Cas activity compared to strains
isolated from outside the hospital environment. PCR with cas-specifc
primers showed that 19% of the A. baumannii isolates had a CRISPR-Cas

system.

Casl, cas2, and cas3 all belong to type 1 system, this protein found
as cascade —like complex which involved in target localization, spacer
acquisition and cr RNA processing (Butiuc-Keul et al., 2022).

The caslis the most conserved gene with low resemblance to other
genetic components, however the gene is prone to module shuffling ,cas3is
the signature gene ,despite being a multi domain protein and close
resemblance to other genetic components and low degree of conservation ,
(Makarova et al., 2018) .

CRISPR-cas function in the evolution of prokaryotes and the

molecular mechanisms still remain unknown. Several studies have
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suggested that CRISPR-cas system also could be involved in biofilm

formation, colonization and virulence regulation (Newsom et al., 2021).

A previous study found that the genes involved in biofilm formation
appeared almost exclusively in the group enriched in CRISPR systems.
The loss of function of proteins involved in CRISPR systems, such as the
endonuclease Cas3, seems to affect to biofilm formation (Tang et al.,
2019), then CRISPR systems could help in the survival of the bacterium
on inert surfaces, which is meaningful for the resistance of A. baumannii
in hospitals (Peleg et al., 2008) .The lack of CRISPR gene is related to
species, multidrug resistance and major drug resistance —related gene (Dos
Santos et al., 2020).

A previous study demonstrated clear association of MDR genotype/
phenotype of A. baumannii with the type of its CRISPR/Cas system.
Isolates lacking both CRISPR arrays and active cas genes were shown to
have much more antibiotic resistance genes than those having only
CRISPR arrays or both CRISPR arrays and cas genes . This complies with
the fact that CRISPR/Cas system represents a so-called prokaryotic
“immune system” that can fight not only against phage infections, but also
against dissemination of antibiotic resistance genes in A

baumannii(Tyumentseva et al., 2021).

The diversity could be due to the fact that they due to the genetic
instability were obtained from different sources of sample.
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3.9 Molecular Detection of I-F CRISPR-Cas gene in A. baumanii

Type | CRISPR/Cas systems include seven subtypes, I-A to I-F and
I-U. Among those subtypes, the |-F CRISPR-Cas system is one of
important protein that aim to programmable transcription activation and
have important applications in genome engineering (Liu et al., 2020).

Out of 20 strains in this study, the I-F CRISPR-Cas gene detected in
7 strains as (table 3-5 ,fig 3-9) isolated from different sources as following:
Urine 3 (100%), Sputum 2 (22.22%), Burns 1 (20 %) and Wound 1 (33.3
%) as shown in table (3-6).

Table 3-5 : Identification of I-F CRISPR-Cas gene among all studied A.

baumannii samples.

Results N Percentage P value
Positive 7 35% <0.001
Negative 13 65%

Total 20 100%

* represent a significant difference at p<0.001

Table 3-6 : Identification of I-F CRISPR-Cas gene of A.baumannii in
patients with different sample sources.

Sample Sources I-F CRISPR-Cas N (%)
Urine 3/3 (100)

Sputum 219 (22.22)

Burns 1/5(20)

Wound 1/3 (33.3)

Total 7120
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Fig. 3-9 : Agarose gel electrophoresis of Uniplex-PCR products
obtained by using A subtype I-F CRISPR-Cas system-specific primers.
The lanes 1-4, 6, and 13 represent the identified I-F CRISPR-Cas gene
products with 157bp. Lane M represents 100bp DNA ladder, the
electrophoresis was performed at 70 volt for 1 hr.

In the I-F1 CRISPR/Cas system multiple cas proteins and CRISPR
RNA(crRNA) from surveillance complex for target recognition (Guo et al.,

2022).

TypeF I-F1 CRISPR/Cas system is the closest relative, The Type I-
F1 CRISPR/Cas system is characterized by a unique fusion of Cas2 to
Cas3 (Cas2/3), which together with Casl mediate spacer integration into
CRISPR locus, Cas2/3 also degrades foreign DNA, which is targeted by
the Type I-F1 cascade (i.e., CRISPR-associated complex for antiviral
defense) (Tyumentseva et al., 2021).

Karah et al. (2015) reported that a vertical transmission of the
CRISPR-Cas subtype I-Fb in a global collection of 76 A. baumannii
isolates with occasional events of horizontal transfer have increased the
diversification and facilitated further dissemination of subtype I-Fb. Taken
together, these results raised the possibility of horizontal transfer of
CRISPR-Cas systems among K. pneumoniae isolates. Moreover, CRISPR-

based genotyping approach has been expanded to the analysis of
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populations and dissemination routes of particular isolates, with the ability

to truly assess genetic diversity even within relatively clonal set of bacteria
(Barrangou et al., 2016).

Therefore, it is interesting to determine the efficacy of CRISPR
typing in epidemiological surveillance and outbreak investigation of K.
pneumoniae in the future.

Hauck et al. (2012) reported approximately 70% (14/20) of the
strains with a CRISPR-Cas I-Fb system presented MDR and XDR profiles,
which has not been observed in other studies since there is no correlation

between the previous profiles.

3.10 Detection of phylogenetic diversity of A. baumanii isolated from
different samples by (ERIC)-PCR

By using ERIC primer, A. baumannii performed different DNA
patterns with amplicons that gave a polymorphic band varied in size from

(100-more than 2000) bp, the finger printing Patterns of the isolates were
shown 16 bands on gel Electrophoresis as shown in figure 3-10

0o 5 BN

1Y
KL

B

( (G ®

l R
A 2B W iae W
LAME LT

=
-
-
- -
-
-
-
-
——

fig 3-10 :Agarose gel electrophoresis of uniplex-PCR products ERIC-
PCR digit,the electrophoresis was performed at 70 volt for 1 hr.

79



Chapter Three Results and Discussion

ERIC -PCR fingerprinting grouped A. baumannii strains isolated
from different specimens and from the same period of isolation and
location. Among the ( 20 ) collected strains of A. baumannii the 20 strains
were divided in to two clade A,B in which clade A contain two sub cluster ,
contain 8 isolates and 3sub group and 2 unique as following: first sub
cluster belongs to wound and burn sample, the second and third belongs to
sputum samples one the other hand, there’s a two unique sub clusters both
of them belongs to wound isolates and clade B contain 2 sub group
including 4 sub clusters as following: first sub cluster belongs to burn
isolates the second and third belongs to sputum isolated while the four sub
clusters belongs to urine isolates. With regard to the unique sub clusters of
B clusters there are four unique sub-clusters. The first and second one
belonging to burn, third one belongs to sputum and the fourth belongs to

urine Fig 3- 11.
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Fig 3-11: The ERIC-PCR-derived cladogram representing the
relationship among 20 of A. baumannii in patients with different
sample sources. Bar (above) represents the distance values. This
cladogram was generated by Unweighted Pair Group Method with
Arithmetic mean (UPGMA).
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In this study, the ERIC Primer showed DNA polymorphism among

A. baumannii isolates from different clinical sample, either in the
occurrence of amplified fragment or in the variable genetic similarities of
each isolate with the other.

The diversity could be due to the fact that they all were obtained
from different sources, or due to the genetic instability of A. baumannii.

In the present study the genotyping of clinical A. baumannii
isololates by ERic-PCR identified (20) distinct genetic profiles with

different similarities value ranging from (20-80)% as shown in Fig. 3-12.
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Fig. 3-12 : A Heat map represent the Genetic correlation similarity
matrix among the studied 20 of A. baumannii strains using ERIC-PCR

assay.

82



Chapter Three Results and Discussion
According to the results, this method indicated genetic diversity and

heterogeneity among clinical isolates bacterium genome containing repeat
sequence such as the ERIC sequence can be used as molecular biological
tools to assess the Clonal variability of many bacteria isolates (Aljindan et
al., 2018)

ERIC - PCR finger printing is one of the fastest molecular typing
techniques to differentiate between A. baumannii and other strain of Gram-
negative bacteria responsible for hospital-acquired infection (Aljindan et
al., 2018)

ERIC- PER focused on the ability to discriminate between strains of
the same or closely related species and also able to discriminate between
members of different species. Also, the result of ERIC-PCR may play a
role as a bacterial identification tool, providing more sensitive typing
results than basic phenotypic typing methods (Otokunefor et al., 2020)

By using ERIC-PCR fingerprinting genotype analysis (Aljindan et
al., 2018) found that 51 strains of A. baumannii were clustered into seven
groups, while the remaining 8 were single strains. The genetic relatedness
of A. baumannii isolated from admitted patients was high, indicating cross-
transmission within the hospitalized patients.

Several studies have reported to identification of profiles in A.
baumannii isolates as Falah et al. (2019) who identified 14 ERIC-PCR
patterns among 80 isolates; and Heidari et al. (2018) who identified 20
ERIC-PCR types among 75 isolates.

ERIC-PCR are valuable typing methods for non- fermentative Gram -
negative bacilli, and has pivotal role in understanding the essential
mechanisms of A. baumannii infecting and discovering the relationship
between bacterial species, also this method provides great potential to study
bacterial Sequences because the sequences are longer and do not base on a

specific region of the genome (Hazhirkamal et al., 2021).
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3.11 Detection of Box- element fingerprint in A. baumannii

By using Box primer, A. baumannii performed different DNA
patterns with amplicons that gave a polymorphic band varied in size from
(100-more than 2000) bp, the finger printing Patterns of the isolates were
shown 15 bands on gel Electrophoresis as shown in figure 3-13.
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Fig. 3-13 :Agarose gel electrophoresis of PCR products BOX-PCR

digital ,the electrophoresis was performed at 70 volt for 1 hr.

The data from Box Dendrogram of A. baumannii isolates were
grouped into two main group, and among (20) collected strains of A.
baumannii, the strains were grouped into 7 subgroups of which the group A
contain one subgroup both of them belonging to sputum isolates and one
unique belong to urine isolate, while group B contain 6 subgrouped as
following: first one contains two sputum isolates, the second contain two
wound and one burn, the third contain burn and sputum isolates whereas
the fourth and fifth group both of them also contain one sample burn and
one sputum and finally the sixth subgroup contain two urine isolates. on the
other hand, there’s five unique isolates including two sputum, two wound

and one burn isolate as shown in figure 3-14 .
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Fig. 3-14: The Box-PCR-derived cladogram representing the
relationship among 20 of A. baumannii in patients with different
sample sources. Bar (above) represents the distance values. This
cladogram was generated by Unweighted Pair Group Method with

Arithmetic mean (UPGMA).
85



Chapter Three Results and Discussion

Urine ABY
Urine ABZ
Urine ARS ' ,-_:
Sputun AB4
Sputum ABS
Sputun ABE
Soutun ARY
Sputum ABB
Soutum ARG
SoutLm AB 10
Spuum AB11
Soutum AB 12
Bums AB13
Bums A4
Bums AB1S
Bums ABI6
Bums AB17
Wound AB 16

Wound AB 18

Fig. 3-15 : A Heat map represent the Genetic correlation similarity
matrix among the studied 20 of A. baumannii strains using Box-PCR
assay.

Most of the box sequences were encounter in close proximity to
genes, suggesting their potential role as a regulatory element controlling
coordinate virulence or competence - related gene expression; Box
elements are the key element in adaptive bacterial evolution (Kheiri and
Akhtari, 2017).

Study done by (Abdullah et al., 2019) found that among the 20 A,
baumannii isolates, the results showed the genetic relationship between A.

baumannii clones, while 18 isolates contained different genotyping. It was
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found that in spite of differences in the location and isolation sources of
these isolates, a clear clonality was observed.

Genotyping method is a useful for detecting vector strains as well as
identifying the epidemic between isolation and genetic relationships among
isolates Alsaadi et al. (2021). The heterogeneity difference may
demonstrate of environmental factor and the level of hospital hygiene on
the distribution and genetic clonal formation variation.

Studies was demonstrated that Box - PCR method is a highly
differentiated Power in study clinical isolation in the same genetic group
indicating the transmission of pathogens from the hospital environment to
patients as well as the distribution of pathogens in hospital environment
(Abdullah et al., 2019)

The different similarity in isolates in the same site of isolation due to
they are gnomically different from each other which makes them
distinguishable from one another.

The differences in similarity ratios between subspecies of the same
species may be due to the different sources of sampling as well as possible
mutations that result in genetic variation over time (Mohammed and
Ahmad, 2021).
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Conclusions

I- The highest percent of A. baumannii was found in sputum and
followed by burns .

2- The isolate of A. baumannii were multidrug resistance to most of
commonly used antibiotics.

3- It was found that there was a highly significant inhibition in growth
of bacteria after exposure to the different dilution of
nanoparticles AgTIO, and SWCN-OH.

4- It was observed that there was a highly significant inhibition in
biofilm production of bacteria after exposure to the different
concentration of AgTIO, and SWCN-OH nanoparticales.

5- It was found that A. baumannii isolates carry different types of
CRISPR-cas associated gene according to the site of infection and
the highest type was cas 3 gene(45%) follow by cas 6 gene(35%) .

6- The result in this study shows that the A. baumannii isolates were
genotyping by ERIC-PCR and BOX PCR, these techniques are rapid
and simple for routine screening and identification of clinical A.

baumannii  which are useful in epidemic potential.
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Recommendations

1- Further studies the combination of nanoparticales and antibiotics

against resistant hospital strains.

2- The utilization of new method in classification A. baumannii isolates
like pulsed-field gel electrophoresis (PFGE) and Multilocus
sequence typing (MLST) methods.

3- Further investigation in the field of study the genome of A.

baumannii through fast evolving CRISPR/cas system and their role

in controlling antibiotic resistance gene transfer and acquisition.
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