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Abstract

The study screened the occurrence of VanA,VanB,Vanc genes in Staph
aureus vancomycin-resistant isolates recovered in Hilla -hospitals. From
various clinical samples, 160 isolates from patients between July and
November of 2022 were included in the search. Among these samples are
(65) burn samples, (55) urine samples, and (40) samples from Blood. 40 (or
25%) of the 160 isolates were Staph aureus. Characterization of the VanA,
VanB, and VanC genes in Staph aureus isolates obtained from various
specimens is the main goal of the work. The RESULTS of samples were
obtained from a variety of clinical specimens, including 20 (40.625%) burn
swabs, 10 (25%) urine samples, and 10 (34.375%) blood. Staph aureus
was resistant to Cefepime (91.7%), Piperacillin (73.3%), and Ceftazidime
(71.7%), although little relationship was detected with Aztreonam resistance
(35%). 40 isolates were used for antibiotic sensitivity test (AST). Only
18.3% and 15% of isolates, respectively, were resistant to meropenem
and imipenem. Fluoroquinolone resistance to lomefloxacin, ciprofloxacin,
ofloxacin, and levofloxacin was 51.7%, 48.3%, 35%), and 30%, respectively.
While the most prevalent vancomycin resistance genes were found in
40 isolates of S. aureus and were discovered by VanC 40 (100%), VanA
20 (100%), and VanB28 (70%), according to the current investigation.In
Conclusion :The PCR-reaction method was discovered to be an easy-to-
use tool for detecting staph aureus by pcr that can be regularly used for
identifying staph aureus and detection the molecular resistance apparatuses
to vancomycin in staph aureus by VanA,VanB,VanC), efflux systems plays
To choose the best antibiotics, prevent the establishment of resistant strains,
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and create novel antimicrobial. medications, it is beneficial to research the
particular resistance mechanisms vancomycin to staph aureus.

Introduction

The capacity of Staphylococcus aureus to acquire
antibiotic resistance is among the most crucial
characteristics to take into account. Staphylococcus
aureus is a serious public health problem because
it has developed resistance to several medications
over time.' The abuse and overuse of antibiotics
frequently contributes to the development of
resistance. Vancomycin resistance is among
Staphylococcus aureus most prominent resistance
mechanisms. Historically, illnesses brought on by
bacteria resistant to other antibiotics have been
treated with vancomycin as a last option. It works
very well against Staphylococcus aureus and other
Gram-positive bacteria. The medical community is
concerned about the rise in vancomycin-intermediate
Staphylococcus aureus (VISA) and vancomycin-
resistant Staphylococcus aureus (VRSA) strains.
The primary mechanism of vancomycin resistance in
Staphylococcus aureus is the acquisition of distinct
genes referred to as the vanA, vanB, vanC, vanD,
and vanE genes.? These genes produce enzymes
that alter the bacterial cell wall's structure, preventing
vancomycin from attaching to the cell wall, which is
the drug's intended target. The antibiotic thereby
loses its ability to combat the resistant strains. The
development of VISA and VRSA strains complicates
the treatment of infections caused by Staphylococcus
aureus. Alternative antibiotics, which can be less
effective or have more adverse effects, are the only
option available to healthcare practitioners. To treat
these infections, combination medications or surgical
procedures may be required in some circumstances.
The creation of novel medicines, enhanced infection
control strategies, and the encouragement of
appropriate antibiotic usage are all part of the fight
against vancomycin-resistant Staphylococcus
aureus. Healthcare facilities have also implemented
stringent hygiene protocols to prevent the spread
of these resistant strains within healthcare settings.
Additionally, research is ongoing to better understand
the mechanisms of resistance and to find novel
treatment options.*> # Vancomycin is now used to
treat people allergic to semisynthetic penicillin or
cephalosporins, as well as infections brought on by
these pathogens.5Vancomycin resistance in bacteria

is mediated by van gene groups that are found
in pathogens (such as S. aureus), glycopeptide-
producing actinomycetes. Vancomycin resistance
is classified into several gene clusters based on the
DNA sequence of the ligase van gene homologues
that encode the key enzyme for the synthesis of
D-alanyl-D-lactate (D-Ala—D-Lac) or D-alanyl-D-
serine (D-Ala—D-Ser). At least 11 van gene clusters
that confer vancomycin-resistance, responding
for VanA, VanB, VanC. High-level vancomycin
resistance is frequently caused by the genes vanA,
vanB, vanD, van F, vanl, and vanM, which encode
D-Ala:D-Lac ligases. Transposon Tn1546 carries
the original vanA gene cluster. History of previous
vancomycin usage the majority of patients reported
using vancomycin at least three months before
being isolated from VRSA. It appears that the vanA
gene cluster-induced drug resistance is selectively
influenced by vancomycin illnesses that precede
VRSA infection Patients with VRSA infections
typically had many comorbid conditions, such as
diabetes, end-stage kidney failure, and surgical or
gangrenous wounds. Vancomycin-resistant plasmids
were transferred from VRE to S. aureus more easily
by biofilms that developed in wounds or catheters.
A potent antibiotic against VRSA isolates may be
treated with a variety of medicines. Vancomycin-
resistant plasmids are genetic elements that can
confer resistance to the antibiotic vancomycin.
Vancomycin is a potent antibiotic commonly
used to treat serious infections caused by Gram-
positive bacteria, including methicillin-resistant
Staphylococcus aureus (MRSA) and Enterococcus
sp. The development and spread of vancomycin
resistance are concerning because it limits the
effectiveness of this critical antibiotic. Plasmids are
small, circular pieces of DNA that exist independently
of the chromosomal DNA in bacteria. They can
carry genes that provide various advantages to the
bacteria, including antibiotic resistance genes. In
the case of vancomycin resistance, certain plasmids
carry genes that encode vancomycin resistance
mechanisms. These resistance genes can be
transferred between bacteria, facilitating the spread
of resistance. There are different mechanisms by
which plasmids can confer vancomycin resistance:1.
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VanA, VanB, and VanC Genes: These genes encode
enzymes that modify the peptidoglycan cell wall of
bacteria, preventing vancomycin from binding and
disrupting the cell wall. The study aimed to examine
the major genes (VanA,VanB,Vanc) for vancomycin
resistance in staph from various clinical specimens.

Methodology

Out of 160 total specimens obtained from burns,
blood, and urine, the study focused on 40 Staph
aureus specimens with relative percentages of
30.7%, 25%, and 18.18%. Culturing and biochemical
testing were used to identify isolates. In order to
isolate Staph aureus, from various specimens at
numerous hospitals in Hilla City were collected.
The clinical microbiologists and accompanying
physicians determined what was deemed clinically
relevant.

Fostering using sterile loops dispersed over the
surface of the agar medium and a 24-hour incubation
period at 37°C, all specimens were grown on various
media, including blood agar, MacConkey agar, and
Mannitol salt agar, for the purpose of identifying
Staph aureus as shown in Figure (2), microscopic
analysis following the bacterial growth on blood,
MacConkey, and mannitol salt agar, the colonies’
size, shape, texture, and arrangement were noted.
A single colony was taken out, stained with Gram
stain, and evaluated using oil emersion, biochemical
assays, under a light microscope (100x). Examine
catalase: Favorable Positive coagulase test:
Separate S. aureus from coagulase-negative
Phyloglococcus. CONS are further differentiated
on the basis of novobiocin sensitivity test (S.
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epidermidis is sensitive, whereas S. saprophyticus
is resistant. (Staphylococcus aureus) Capsule
Non-Capsulated Catalase Positive (+ve) Citrate
Positive (+ve) Coagulase Positive (+ve) Gas
Negative (-ve) Gelatin Hydrolysis Positive (+ve)
Gram Staining Positive (+ve) H2S Negative (-ve)
Hemolysis Positive (+ve)- Betalndole Negative
(-ve) Motility Negative (-ve) MR (Methyl Red)
Positive (+ve) Nitrate Reduction Positive (+ve) OF
(Oxidative-Fermentative) Fermentative Oxidase
Negative (-ve) Pigment Mostly Positive (+ve) PYR
Negative (-ve) Shape Cocci Spore Non-Sporing
Urease Positive (+ve)VP (Voges Proskauer)
Positive (+ve) Fermentation of Arabinose Negative
(-ve) Cellobiose Negative (-ve) D Nase Positive
(+ve) Fructose Positive (+ve) Galactose Positive
(+ve) Glucose Positive (+ve) Lactose Positive
(+ve) Maltose Positive (+ve) Mannitol Positive
(+ve) Mannose Positive (+ve) Raffinose Negative
(-ve) Ribose Positive (+ve) Salicin Negative (-ve)
Sucrose Positive (+ve) Trehalose Positive (+ve)
Xylose Negative (-ve) Enzymatic Reactions Acetoin
Production Positive (+ve) Alkaline Phosphatase
Positive (+ve) Arginine Dehydrolase Positive (+ve)
Hyalurodinase Positive (+ve) Lipase Positive (+ve)
Ornithine Decarboxylase Negative (-ve).

The AST for 40 isolates using (8 )antibiotics
(cefepime (30 pg), ceftriaxone (30 ug), clindamycin
(2 pg), erythromycin (15 ug), chloromaphenicol
(30 ug), imipenem (10 ug), tetracycline (30 ug) and
nitrofurane(10 pg) were distinguished founded on
CLSI,2022. The genes utilized in this investigation
are mentioned in Table 1 below.

Table 1: Genes used in this study

Genes Name Sequence of genes(5'_3") Amplcone size (bp) References
VanC 5'-GAAAGACAACAGGAAGACCGC-3 510bp 20
5'-TCGCATCACAAGCACCAATC-3'
VanA 5'-AATGTGCGAAAAACCTTGCG-3' 520 bp 19
5-CCGTTTCCTGTATCCGTCC-3'
VanB 5'-GCTCCGCAGCCTGCATGGA-3' 580 bp 20

5-ACGATGCCGCCATCCTCCT-3'

Results and Discussions

Staph aureus Detection and Isolation

40 isolates (or 25%) out of the 160 samples (40
blood, 65 burns, and 55 urine samples) were found

to be Staph aureus. However, 40 out of the 160
isolates Staph aureus in 25% ,(37%) as different
bacterial species. While negative culture (38%).
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= pseudomonas aeruginosa

= Other bacteria spp

pseudomonas
inosa, 25,

= Negative culture

Fig.1: staph aureus, from Different Clinical specimens in Percentage of Isolation rate

Fig.2: showed staph aureus
on mannitol salt agar

Distribution of Bacterial Isolates among Different
Specimens

Staph aureus isolates had been glued with numerous
percentages from medical specimens, as shown in
table (3). Distribution of Staph aureus isolates among
clinical specimens. The distribution of bacterial

isolates among different specimens can vary
widely depending on the type of specimens being
analyzed and the specific study or context. Bacterial
isolates refer to the types of bacteria that have
been identified or isolated from various sources,
such as clinical samples, environmental samples,
or research studies. The distribution of bacterial
isolates is an important aspect of microbiology
and can provide insights into the types of bacteria
present in a particular environment or the causes
of infectious diseases. Blood: Bacterial isolates
from blood specimens are typically associated
with bloodstream infections. Common isolates
include Staphylococcus aureus, Escherichia coli,
Urine: Urinary tract infections (UTIs) often involve
bacteria like Escherichia coli, Klebsiella sp., and
Enterococcus sp. Burn swabs: Bacterial isolates
from wound infections can include Staphylococcus
aureus, Pseudomonas aeruginosa, and various
Streptococcus sp.

Table 3: Distribution of bacterial isolates among different specimens

Type of specimens N°of specimens N°of Isolates Percentage
Burn swab 65 20 40.625%
Blood 40 10 25 %
Urine 55 10 34.375 %
Total 160 40 100%
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Rendering to the study's findings, out of 160
samples, 40 (25%) isolates were found to be Staph
aureus and they were distributed among burn
swabs 20 (40.625%), wound swabs 10 (25%), urine
10(34.375%). According to Hosu investigations
(9), they were find wound swabs 43.3% and burns
3.7% while another study by (10) showed 21.6%
positive culture for Staph aureus including (10%
urine, 22% blood, 40% burn) and study by ( 11)
fineding 32(26.6%) out of 120 specimens ( 28burns,
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4wound) ,and study by (12) showed 21 out of 102
isolates (burn 30 (33.3%), wound 19 (15.8%),
urine 29 (17.2%). A research by (13) discovered
200 individuals with burns and wounds contributed
31 Staph aureus isolates. From 23 (74.19%) and 8
(25.80%) blood and burn swabs, respectively, the
majority of cases were isolated. According to the
findings of earlier research, the most significant
sources of MDR Staph aureus isolates are from
the burn.

Table 14: Percentage of Antibiotics Susceptibility Profile of
staph aureus Isolates Detected by DDT

Antibiotics Susceptible (%) Intermediate (%) Resistant (%)
Cefepime 11 - 89
Ceftriaxone 20 - 80
Clindamycin - - 100
Erythromycin - - 100
Tetracycline 53.33 8.33 38.34
chloromphenicol 30 10 60
ceftazidime 10 - 90
Nitrofurane - - 100

Table(4), established that Staph aureus isolates
confirmed in this investigation had the highest level
of resistance to most antibiotics. All of the isolates
tested positive for resistance to Nitrofurane100%,
which is consistent with research by a local Babylon
province study by (14).While study by (15) they
conducted the results showed high resistance
100% to erythromycin and clindamycin, 91.6%
were resistance to Ceftazidime and 81% were
resistance to Tetracyclin. Medium resistance to
Cefixim, Cefotaxin, Cefepim, Chloramphenicol and
Ceftriaxone (73.3%, 71.6%, 68.3%, 63.3% and
56.6%), respectively. Low resistance to Ciproflaicin,
Ofloxacin, Norfloxacin, Gentamicin, Piperacillin and
Levofloxacin (25%, 25%, 20%, 20% and 1.6%),
respectively. While the search results showed high
resistance 100% to erythromycin and clindamycin,
Ceftazidime but Tetracyclin, Cefixim, Cefotaxin,
Cefepim, Chloramphenicol and Ceftriaxone (91%,
80%, 70%, 60%, 50%) respectively. Agree with
results Alwaeli, et al., 2021 and study by (13).
All isolates were subjected to tests to determine
their susceptibility to 17 different antibiotics. The
developed data confirmed the results, showing a
high resistance rate to nitrofurane, erythromycin,

clindamycine, and tetramycin and a low resistance
rate to ceftazidime, cefotaxim, ceftraxone, and
chloramphenicol.

Detection of Vancomycin Resistance Genes
The present study show that the most common
vancomycin resistance genes rate in 40 isolates of
Staph aureus detected vanC 40 (100%), VanA 20
(50%) fallowed VanB 28 (70%) as in figures (3, 4,
5) The results of this study showed that the isolated
Staph aureus have these genes at different rate.
PCR study for VanCsubunits of genes discovered the
presence of VanA genes is 100 % among 40 Staph
aureus isolates, Concerning the VanB subunits of
genes, The present study of primer VanB positive
for 28 (70%) isolates. The amplified products as in
table (1).

The result of study has been observed in Al-Diwaniya
by (16) which found the most common detected
VanA and VanB (100%). and study in Indonesia by
(17) who found the Presence VanB (54.5%) among
11 Staph aureus isolates this difference in result
related to difference in the places of isolation, the
community education as a source of isolates while
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study by Ahmed 2021 found VanA 6 (37.5%)and
study by (18).The results of their studies indicate
that 100% of Staph aureus isolates harbored the
VanB gene agree with our search and another
study by (12). They recorded the results of VanBB
gene test, the isolation rate of Staph aureus was
20.5% (21/102) of samples and the positive results
for VanB were found in 21 (84%)/25 tested isolates,
study by (16) found. The isolates that resistance to at
least one type of Vancomycin were screened for the
presence of genes (VanA and VanB) by polymerase
chain reaction. The gene VanB was found in 10
(100%) Vancomycin resistant isolates, followed by
VanB4 (40%).

Vancomycin resistance in Staph aureus have
overexpression efflux pump and membrane
impermeability (Nouri et al.,2016). Vancomycin
is used in the treatment of the following types of
bacterial infections in both adult and pediatric
patients . Vancomycin is a powerful antibiotic used
to treat infections caused by Gram-positive bacteria,
including MRSA. However, over the years, some
strains of Staphylococcus aureus have developed
resistance to vancomycin, rendering this antibiotic
ineffective in treating these infections. Vancomycin
resistance in Staphylococcus aureus occurs due to
the acquisition of specific genes, often carried on
plasmids or transposons, which provide resistance
against the drug. The most common mechanism
of resistance is the alteration of the target site of
vancomycin within the bacterial cell wall. Vancomycin
typically binds to the D-Ala-D-Ala terminus of the
peptidoglycan precursor, preventing its incorporation
into the growing cell wall and thereby inhibiting cell
wall synthesis. However, in vancomycin-resistant
strains, the D-Ala-D-Ala terminus is changed to
D-Ala-D-Lac or D-Ala-D-Ser, reducing the binding
affinity of vancomycin and allowing the bacteria to
continue building their cell walls even in the presence
of the antibiotic. Another mechanism of resistance
involves the thickening of the bacterial cell wall, which
reduces the access of vancomycin to its target site.
Additionally, some MRSA strains produce enzymes
that can degrade vancomycin, further diminishing
its effectiveness. The emergence of vancomycin-
resistant Staphylococcus aureus poses a significant
challenge in healthcare settings. Patients infected
with these strains have limited treatment options,
often relying on alternative antibiotics that may
have higher toxicity or lower efficacy.?' Moreover,
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the transmission of vancomycin-resistant MRSA in
healthcare facilities can lead to outbreaks, making
infection control measures crucial in preventing its
spread. Preventing the further spread of vancomycin
resistance requires a multifaceted approach. This
includes prudent use of antibiotics to minimize the
development of resistant strains, strict adherence
to infection control protocols in healthcare settings,
and ongoing research to develop new antibiotics
and treatment strategies.?? Surveillance programs
are also essential to monitor the prevalence of
vancomycin-resistant Staphylococcus aureus and
to implement timely interventions to prevent its
dissemination. Combating antibiotic resistance,
including vancomycin resistance, requires a multi-
faceted approach involving healthcare providers,
researchers, policymakers, and the public. It's a
global health challenge that necessitates a concerted
effort to preserve the effectiveness of antibiotics and
protect public health. Vancomycin is an antibiotic
that is commonly used to treat infections caused by
Gram-positive bacteria, including Staphylococcus
aureus, a bacterium that can be responsible for a
wide range of infections in humans. However, some
strains of Staphylococcus aureus have developed
resistance to vancomycin, which poses a significant
challenge in the treatment of these infections.?®
There are several mechanisms through which
Staphylococcus aureus can develop resistance
to vancomycin, and three important resistance
determinants have been identified: VanA, VanB,
and VanC. Unlike VanA and VanB resistance, VanC
resistance is typically not transferrable between
different bacterial species. VanA Resistance: VanA
resistance is one of the most well-known and
widespread mechanisms of vancomycin resistance
in Staphylococcus aureus. It is characterized by
the presence of the VanA operon, which encodes
enzymes responsible for altering the structure of
the bacterial cell wall, preventing vancomycin from
binding to its target.?* This mechanism is often
associated with the transfer of resistance genes
between bacteria, making it particularly problematic
in the spread of resistance. The VanA resistance
determinant is typically found in Enterococcus sp. but
can also be transferred to Staphylococcus aureus
through horizontal gene transfer. VanB resistance
is another significant mechanism observed in
vancomycin-resistant Staphylococcus aureus
strains. Like VanA, it is associated with alterations
in the bacterial cell wall that reduce vancomycin's
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effectiveness.?® The VanB operon encodes enzymes
that modify the peptidoglycan precursor, rendering
it less susceptible to vancomycin binding. VanB
resistance is typically found in Enterococcus
fascism but can occasionally be transferred to
Staphylococcus aureus and other Gram-positive
bacteria through gene transfer mechanisms VanC
Resistance:
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VanC resistance, while less common in
Staphylococcus aureus, is a mechanism associated
with intrinsic resistance in some Gram-positive
bacteria, such as Enterococcus gallinarum and
Enterococcus casseliflavus. It involves changes in
the structure of the bacterial cell wall precursors,
which make vancomycin less effective in binding
to its target.
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VanC gene results
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Fig 3: showed VanC genes (150bp) ; lane L represent DNA marker size(100-500bp).Lanes (1-40
isolates) were positive results
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Fig 4: showed VanB genes (580bp) ; lane L represent DNA marker size(100-700bp). Lanes (1-28 )
were positive while isolates NO. (29-40,) were negative
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VanA gene results

Fig 5: showed VanA genes (520bp); lane L represent DNA marker
size(100bp). Lanes (1-20 ) were positive result

Conclusion

Vancomycin resistance in Staphylococcus aureus,
particularly in MRSA strains, highlights the
importance of antibiotic stewardship and infection
control practices. Addressing this issue requires
collaborative efforts among healthcare professionals,
researchers, and policymakers to preserve the
effectiveness of existing antibiotics and develop
innovative solutions to combat antibiotic-resistant
bacteria. Vancomycin resistance in Staphylococcus
aureus is a concerning issue, as it limits treatment
options and can lead to severe infections. Preventing
its emergence and spread through infection
control and responsible antibiotic use is crucial,
and ongoing research is essential to address this
evolving problem in infectious diseases. Patients
with VRSA infections should be the development of
vancomycin resistance in Staphylococcus aureus is
a concerning issue in the field of infectious diseases.
It underscores the importance of responsible
antibiotic use, infection control measures, and
continued research into new treatment options to
combat antibiotic-resistant bacteria. Addressing

this problem is crucial for preserving our ability to
effectively treat Staphylococcus aureus infections
and safeguarding public health managed carefully
with the help of infectious disease specialists to
maximize treatment outcomes
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