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Abstract

Staphylococcus aureus is an important infectious pathogen in health sector and communities. It causes various infections
ranged between simple to life threating infections. This study was carried out during the period from the beginning of
December 2019 to the end of August 2020,. Out of 300 specimens, 75isolates of S.aureuswere recovered..All isolates were
tested toward the different class of clinically important antibiotics (15) by using agar diffusion method. The results of
resistance were as following: Cefotaxime (100%) ceftriaxone (92%), Imipenem (12%). while the resistance to
Fluoroquinolones include Norfloxacin (64%), Ciprofloxacin (56%), Amikacin was (70.6%), Gentamycin (74.6%) ,vancomycin
is (48%) ,azithromycin (84%),erythromycin (80%) . tetracycline (88%) but resistance to doxycycline is (60%) ,colistin (100%),
Trimethoprim (68%),Chloramphenicol (36%) . In this investigation, antibiotic susceptibility testing of the Saureusisolates
showed that 9(12%), 24(32%), 42(56%)of the isolates were MDS, MDR,XDR .The polymerase chain reaction (PCR) assay
wasapplied to determine the major erythromycin-resistant genes (ermA, ermB, ermC) . this genes detected in 15 isolates
and results show that the ermA, ermB,ermCgene found in 5(33.3%) ,5(33.3%),15(100%) .It is well known that many
bacterial species exhibit variable genetic variations as a result of the difference in the clinical source from which they were
isolated. Within these bacterial species, Staphylococcus aureus represents a crucial bacterial organism that can be used to
connect its genetic variation to the clinical source .This study was conducted to identify the genetic polymorphism of two
bacterial samples of S.aureus that were isolated from two clinical sources (wounds and burns) in Diyala province.TheermC
gene-based genetic investigation revealed a remarkable deletion in both investigated samples since S12 and S14 showed
one deletion mutation of A54del. This deletion manifested in clear phylogenetic positioning for both samples in the ermC

gene-based tree
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Introduction

Staphylococcus aureus species are known as human pathogens which cause skin and soft tissue
infections, acute septicemia, pneumonia and toxic shock syndrome(Goudarziet al.,2016) . S aureus is
the most common microorganism isolated from wounds, and colonization requires careful
management because of its ability to become resistant to antibiotics. Thus, wounds are at risk of
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colonization with S. aureus(Pireset al., 2018) These organisms are resistant to most of drugs and
constant against most of disinfectants agentsNowadays, antibiotic resistance of S. aureus is a major
problem in society(Talebiet al.,2019).The stability and worldwide spread of this pathogen isdue to
its’ ability to rapidly acquire and loss resistanceand virulence determinants from other members
ofthe genus Staphylococci through horizontal transferof mobile genetic elements (MGEs) (Bitruset
al., 2017).Some studies have also demonstratedthe role of horizontal gene transfer in rapid
acquisitionand dissemination of antibiotics resistance determinantsin S. aureus(Sabetet al.,
2014).some pathogenic bacteria become resistant tomultiple kinds of antibiotics. S.aureusis
becoming a main public health problem because of the continuous elevation in antibiotic resistance
( Oliveira , 2011).Resistanceto tetracycline, chloramphenicol and erythromycinare carried by small
plasmids while, large plasmidscarry multiple drug resistance genes to aminoglycosides,

beta-lactams and macrolides. Additionally, largerplasmids also integrate with other MGEs such
astransposons and confer resistance to spectinomycin, trimethoprim, erythromycin, beta lactams
and vancomycin

(Planet et al., 2017)Macrolides including erythromycinare the antibiotics used against Gram-positive
and someGram-negative bacteria. Three mechanisms in Grampositivebacteria that result in
resistance to erythromycinare as follows: (I) modification in the ribosomal targetsite, mediated by
the methyltransferases encoded byerm(erythromycin resistance methylase) genes, (Il) effluxpump
encoded by msrA/B (macrolide specific resistancegenes) and (lll) ereA/B (erythromycin esterases)
genes (Zmantaret al.,2008) .Among these mechanisms, the ermencoded methy-lases are the major
factor of resistance to macrolides. Among many reported and sequenced ermgenes, three major
genes of ermA, ermBand ermCare present in staphylococci(Maravicet al.,2004).

Aim of the study
This study aimed to determine the prevalence of erm genes (ermA ,ermB ,ermC) which were
recovered from various clinical samples from hospitalized patients in Diyala hospitals .

Isolation and identification of bacterial isolates

A total of (300) clinical specimen from both genderwith different age were collected from the
beginning of December 2019 to the end of August 2020, from patientsin different hospitals of
Baquba city. The isolates wereidentified by their colony characteristic, gram-stain andconfirmed by
the pattern of biochemical profiles usingVitek 2-GN system.

Antibiotic Susceptibility testing

To estimate potential resistance of S.aureusisolates against 15 items of antibiotics from
differentclasses, all isolates had been subjected to antibiogram

test according to CLSI (2017), forceftriaxone,Cefotaxime,imipenem,Norofloxacin, ciprofloxacin
,Amikacin,gentamycinvancomycin,azithromycin, erythromycin,
tetracycline,doxycycline,colistin,trimethoprim,Chloramphenicol,. Detection of S.aureusphenotypes
based on the drug resistance patterns.Multidrug-resistant (MDR) phenotype is defined asS.aureus,
which is resistant to more than oneantimicrobial agent in three or more antimicrobialcategories.
Extensively drug-resistant (XDR) phenotypeis defined asSaureus, which is resistant to morethan one
antimicrobial agent in all the antimicrobialcategories, except in two or less.
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DNA Extraction and polymerase chain reaction

(PCR) amplification: Genomic DNA was extracted from isolates using extraction Kits of Genomic
DNA, Purification depending on instruction of manufacturing company (Promga USA).All
erythromycin -resistant isolates were screened by standard PCR conventional using specific primers
for ermA, ermB, ermC genes as shown in table (1). PCR reaction tubes were transferred into thermal
cycler that was programmed as following: initial denaturation for 5 mints at 95°C, (the conditions for
each cycle were: 30 sec. at 95 ¢, 30 sec. at 55C and 30 sec. at 72°C), and final extension at 72°C for

5 mints. Amplified PCR products were detected by agarose gel electrophoresis.

Table (1): The primers used forErythromycingenes detection

Primer Oligo sequence (5’-3’) Product Annealing | Reference
size bp temp°C

ermA F-5°-TATCTTATCGTTGAGAAGGGATT-3" 139 55 Goudarzi,et

R- 5"-CTACACTTGGCTTAGGATGAAA-3" al.,2016

ermB F- 5"-CCGTTTACGAAATTGGAACAGGTAAAGGC-3° 360 55 Goudarzi,
. . et al.,2016

R- 5"-GAATCGAGACTTGAGTGTGC-3

ermC F- 5 -CTTGTTGATCACGATAATTTCC-3" 190 55 Goudarzi,

R- 5"-ATCTTTTAGCAAACCCGTATTC-3' etal, 2016

DNA Sequencing of PCR amplicons

The resolved PCR amplicons were commercially sequenced from termini, forward, and reverse,
according to instruction manuals of the sequencing company (Macrogen Inc. Geumchen, Seoul,
South Korea). Only clear chromatographs obtained from ABI (Applied Biosystems) sequence files
were further analyzed, ensuring that the annotation and variations are not because of PCR or
sequencing artifacts. By comparing the observed DNA sequences of local samples with the retrieved
DNA sequences of the bacterial database, the virtual positions, and other details of the retrieved
PCR fragments were identified.

Statistical Analysis

The Statistical Analysis System- SAS (2012) program was used to detect the effect of difference
factors in study parameters. Least significant difference —LSD test (Analysis of Variation-ANOVA) was
used to significant compare between means. Chi-square test was used to significant compare
between percentage (0.05 and 0.01 probability) in this study.

Results and Discussion

A total of 75 clinical isolates of gram positive bacteria primary identified as Staphylococcus aureus
were collected from different clinical sources.The source of these isolates were as follows:burn
24(32%) Wounds 18(24%) blood 15(20%) , Nasal carriage 11 (14.66%), urine 7(9.33%)
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Antimicrobial Sensitivity Test

Seventy-five ofS.aureusisolates were screened for their resistance to 15 different types of
antibacterial agents. Results in Table 2 shows that isolate varied in their resistance and sensitivity to
the antibiotics. It was found high resistance tobeta lactams, aminoglycosidesandflouroquinolones.
Profile of antibiotic resistance to other antibiotics is shown in table (2). In this investigation,
antibiotic susceptibility testing of the S,aureusisolates showed that 25(33.3%), 33(44%), 17(22.6 ) of
the isolates were MDS, MDR, XDR.For many years, a number of S. aureus isolates have evolved
resistance to both synthetic and traditional antimicrobial chemotherapy and their prevalence
outside the hospital is of potential epidemiological threat . This trend does not only increase
morbidity and mortality but also higher cost of healthcare The spread of resistance to
antimicrobial agents in S. aureus is largely due to the acquisition of plasmids and or transposons (
Ismail et al.,2015).this present study agree with (Shamkhi ,2019) that found a highest resistance to
Azithromycin 88 (91.67%), Tetracycline 89 (92.71%), Erythromycin86 (89.58%), and Trimethoprime-
slphamethoxazole 61(63.54%).Study by (Al-hamedawy and Mahmoud,2019) in Iraqg revealed that
resistance percentage to Cefotaxim, Ceftriaxone, Ciprofloxacin,norofloxacin, vancomycin
,erythromycin is (73.9%),(73.9%),(50%),(50%),(6.5%),(32.6%).Finally, S. aureus isolates showed the
lowest rates of resistance toward imipenem with a sensitivity rate that reached to 88%. A previous
study by Abd-Alamer and Al-Khozai (2016) also showed low resistance (20%)

Table (2): Antibiogram susceptibility of Staphylococcus aureus isolatestoward
antistaphyllococcalagents (n=75).
Antimicrobial agent Resistant isolates No. | Sensitive isolates | P-value
& % No. & %
Cefotaxime 75 (100%) 0% 0.0001 **
Ceftriaxone 69(92%) 6 (8%) 0.0001 **
Imipenem 9 (12 %) 66 (88%) 0.0001 **
Norfloxacin 48 (64%) 27(36%) 0.0153 *
Ciprofloxacin 42(56%) 33(44%) 0.298 NS
Azithromycin 63 (84%) 12(16%) 0.0001 **
Erythromycin 60(80%) 15(20%) 0.0001 **
Gentamycin 56 (74.6%) 19 (25.3%) 0.0001 **
Amikacin 53 (70.6%) 22 (29.3%) 0.0003 **
Vancomycin 36 (48%) 39 (52%) 0.729 NS
Tetracycline 66 (88%) 9 (12%) 0.0001 **
Doxycycline 45(60%) 30(40%) 0.0833 NS
Trimethoprim 51 (68%) 24 (32%) 0.0018 **
Colistin 75(100%) 0 0.0001 **
Chloramphenicol 27 (36%) 48(64%) 0.0153 *
* (P<0.05).** (P<0.01).
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Molecular detection of ermgenes

the frequency of erm genes is variable in different studies. Among 15 isolates that resistant to
erythromycin genes the results achieved by using PCR revealed that 15(100%) isolates carried
ermCgenes (Fig.3), while5 (33.3%) isolates have ermB genes (Fig.2). The number of isolates that have
ermAare 5(33.3%) (fig.1). The percentage of gene in the current study was agreed with(Liet al.,2019)
who found that ermC found in (90%) in isolates in china . In another study erm C was the most
common gene detected in Iran, Turkey and Brazil (Ghanbariet al., 2016) reported erm B was the
most common genes detected from S. aureus isolates. our study disagreed with Zmantaret al. (2011)
reported ermB was the most common genes detected from S. aureus isolates. the percentage ermA
higher than previous study in Serbia wasnoted ermAappearedin25.5% of isolates(Misicet al.,2017).

1500bp

1000bp

500bp

139bp

100bp

Fig (1) Results of the amplification of ermA gene of Staphylococcus aureus samples were
fractionated on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes
1-15 resemble 139bp PCR products.
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Fig (2) Results of the amplification of ermB gene of Staphylococcus aureus samples were
fractionated on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes
1-15 resemble 360bp PCR products.
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Fig (3) Results of the amplification of ermC gene of Staphylococcus aureus samples were
fractionated on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes
1-15 resemble 190bp PCR products.
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Sequencing and phylogeny analysis ofermCgene

The sequencing reactions indicated the exact positions after performing NCBI blastn analysis. This
engine showed about 99% sequences of similarity between the sequenced samples and this target.
NCBI BLASTn engine indicated the presence of remarkable homology with the expected target that
covered a portion of the ermClocus within the S. aureus sequences. By comparing the observed DNA
sequences of these bacterial samples with the retrieved DNA sequences (GenBank acc. EU350090.1),
the exact positions and other details of the retrieved PCR fragment were identified Fig (4)

Staphylococcus aureus strain JY30 plasmid pKH20, complete sequence

GenBank: EU350090.1
GenBank FASTA
Link To This View | Feedback
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» 190 bp PCR amplicon length «

Fig(4) The exact position of the retrieved 190 bpamplicons that partially covered a portion of
ermClocuswithin the S. aureus genomic sequences (acc. no. EU350090.1). The blue arrow refers to
the starting point of this amplicon while the red arrow refers to its endpoint.After positioning the
190 bpamplicons’ sequences within the ermClocusof S. aureus sequences, the details of these
sequences were highlighted, starting from the position of the forward primer to the position of the
reverse primer within the same sequences (Table3).

Table(3). The position and length of the 190 bp PCR amplicons that used to amplify a portion of the
ermClocuswithin the S. aureus genomic sequences. The amplified sequences were positioned within
the NCBI reference DNA sequence of the GenBank acc. no. EU350090.1.

Amplicon Reference locus sequences (5' - 3') length

ermCsequence CTTGTTGATCACGATAATTTCCAAGTTTTAAACAAGGATATATTGCAGTTTAA  190bp
s ATTTCCTAAAAACCAATCCTATAAAATATTTGGTAATATACCTTATAACATAA
GTACGGATATAATACGCAAAATTGTTTTTGATAGTATAGCTGATGAGATTTA
TTTAATCGTGGAATACGGGTTTGCTAAAAGAT

* Refers to the forward primer sequences (placed in a forward direction)
**Refers to the reverse primer sequences (placed in a reverse complement direction

The alignment results of the 190 bp samples revealed the detection of one indel (insertion-deletion)
mutation in both investigated samples (512 and S14) in comparison with thethe alignment results of
the 190 bp samples revealed the detection of one indel (insertion-deletion) mutation in both
investigated samples (S12 and S14) in comparison with thereferring sequences of the GenBank acc.
EU350090.1(Fig.5). These nucleic acid mutations were represented by one deletion detected at
position 54 in the ermCamplicons
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Fig(5) DNA sequences alignment of two bacterial samples with their corresponding reference

IM

sequences of the ermClocuswithin the S. aureus genomic sequences. The symbol “ref” refers to the
NCBI reference sequences, while “S” refers to sample code.A comprehensive phylogenetic tree was
generated in the present study, which was based on the observed nucleic acid variation detected in
the investigated sample. This phylogenetic tree has contained these amplicons, alongside other
relative reference sequences. The total number of the aligned nucleic acid sequences in this
comprehensive tree was 57. This generated comprehensive tree indicated the presence of three
highly-related bacterial organisms, S. aureus, S. hyicus, and S. epidermis. The currently generated
neighbor-joining comprehensive tree showed extremely close genetic distances between both

incorporated sequences of S. aureus, S. hyicusFig(6)
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Fig(6) The comprehensive phylogenetic tree of genetic variants of the ermClocuswithin the S. aureus
bacterial isolates. The variably colored numbered refer to Genbank acc. numbers of deposited
reference sequences. The number “1” at the top portion of the tree refers to the degree of scale
range among the comprehensive tree categorized organisms. The symbol “S” refers to the code of
the investigated sample .Within this tree, our investigated samples resided in one phylogenetic
group, S12 / S14 group, in the major phylogenetic clade of the main incorporated S. aureus
sequences. the reason for the same positioning of S12 and S14 belonged to the A54del mutation
that was observed in both investigated samples. Noteworthy, both S12 and S14 are positioned in the
vicinity of the GenBank accession number of EU350090.1, which is a Korean isolate of the same
organism. However, both resolved groups were not found to be far away from each other as both of
them were still having close genetic distances. However, the currently observed A54del was not
associated with the origin of isolation of these bacterial isolates as both samples isolated from
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different sources having the same deletion. This notion entailed no possible role for ermC-based
amplicons in inducing any possible adaptation for S. aureus to each clinical stress within the host. For
this reason, this ermC— based observation indicated a limited role of the generated phylogenetic
tree in the discrimination between these bacterial sequences.
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