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Abstract

Background: The characteristics of Staphylococcus aureus that made it the
most important cause of wound infections are environmental spread antimi-
crobials resistance and virulence. Absence of molecular detection of drug re-
sistance and virulence factors in many developing countries limits the epide-
miological information. This study conducted to identify PVL virulence gene,
and blaOXA-23 and blaOXA-51 drug resistance genes of Staphylococcus au-
reus isolated from surgical-sites infections (SSIs) and traumatic wounds.
Methods: A cross-sectional study was conducted from 2019 to 2021, in which
70 cefepime resistant Staphylococcus aureus were used, the strains were iso-
lated from patients of SSIs and traumatic wounds admitted to the department
of General Surgery in Wad Medani Teaching Hospital. Mannitol salt agar was
used for primary culture followed by biochemical identification and Kirby
Bauer susceptibility testing. Single and multiplex PCR protocols performed
for bacterial confirmation and target genes detection. Results: Staphylococ-
cus aureus strains from SSIs constituted 56% (39/70) from which 41% (16/39)
possessed PVL gene while 42% (13/31) of wound infections strains were posi-
tive for PVL gene. Presence of PVL gene was significantly associated with re-
sistance to meropenem (P. value 0.023) and ceftriaxone (P. value 0.037).
blaOXA-23 was significantly detected with resistance to meropenem, aug-
mentin and ceftriaxone. While blaOXA-51 was significantly identified among
Staphylococcus aureus strains that showed resistance to meropenem and ci-
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profloxacin. Conclusion: This is the first study in Sudan that identified
blaOXA-23 and blaOXA-51 in Staphylococcus aureus and correlated them to
resistance to commonly used antimicrobials. Meropenem resistant Staphylo-
coccus aureus were significantly positive for PVL, blaOXA-23 and baOXA-51
genes.
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1. Introduction

Staphylococcus aureus is a pathogen contributed in both types of wound infec-
tions; surgical-sites infections (SSIs) and traumatic wounds [1] [2]. Morbidity
and mortality due to SSIs have been increased in developing countries [3] espe-
cially in the presence of resistant microorganisms [4]. External skin injury is the
main cause of wound infections, which can lead to deep installation of infectious
agents such as bacteria and fungi [5].

During infection Staphylococcus aureus elaborates various virulence factors
for adhesion, invasion process and avoidance of immune system [6]. In addition
to enterotoxins and supertoxins [7], one of the most known virulence factors
evolved in staphylococcal invasion mechanism called Panton-Valentine leukoci-
din (PVL) which is a cytotoxin [8] [9] that exhibits properties against human
leucocytes [10] [11]. Importantly, it has been documented that, skin and soft
tissues infections are associated with Staphylococcus aureus PVL producers [11].
Treatment of wound infections caused by Staphylococcus aureus could be highly
complicated with the presence of resistance to used antimicrobials [12].

Molecular detection of antimicrobial resistant genes gives rapid and more re-
liable results when compared to phenotypical methods [13]. Identified elements
for drug resistance gene transferring of Staphylococcus aureus include plasmids
and transposons [14] [15] [16].

From literature PVL Staphylococcus aureus producers are frequently isolated
from community setting [8] [17], and methicillin sensitive Staphylococcus au-
reus MSSA [18]. Looking at the published data related to the frequency of PVL
among clinical isolates of Staphylococcus aureus, a marked variation in coun-
tries such as China, Germany and Japan was documented, with most remarkably
of 97% in United States of America [19].

Due to the limited toxicity and high efficacy, carbapenems have been used as
drug of choice for dealing with resistance situations [20]. However, resistance to
carbapenems is attributable to carbapenemases, that hydrolyze carbapenems and
other B-lactams drugs, production by certain bacterial agents [21]. Carbapene-
mases including enzymes of Ambler classes, A, B, C and D OXA-type have
been encoded by correspondence genes [22] [23]. Some of OXA enzyme over-
expression is the reason for increased resistance to carbapenems such as blaOX-
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A-23 and blaOXA-51 [24]. Carbapenems had been used in Sudan for the treat-
ment of serious infections in the past two decades and its use has been increasing
gradually, so it is advisable to monitor the resistance status. From our know-
ledge, OXA-type genes were not detected in Staphylococcus aureus, on the other
hand, many studies have identified the OXA-48 genes in Pseudomonas aerugi-
nosa [25], Escherichia coli [26] Acinetobacter baumannii [27] [28]. The present
study aim to assess PVL, blaOXA23 and blaOXA 51 genes from clinical isolates
of Staphylococcus aureus obtained from SSIs and traumatic wounds.

2. Methods
2.1. Study Settings

Cross-sectional laboratory based study was conducted in the period from 2019
to 2021. Seventy strains of Staphylococcus aureus which expressed resistant to
cefepime by disc diffusion technique were used [29]. The isolates were from pa-
tients admitted to Wad Medani Teaching Hospital in the Department of General
Surgery with clinical manifestation of surgical-sites or traumatic wound infec-
tions. SSIs were diagnosed during hospitalization and before discharge while
traumatic wounds were diagnosed after admission. The study was approved by

the Faculty of Medical Laboratory, University of Gezira.

2.2. Staphylococcus aureus Isolates and Susceptibility Testing

Swabs from infected surgical-sites and infected wounds were cultured on blood
agar and incubated overnight at 37°C. Gram’s reaction used for morphological
demonstration and biochemical tests for identification were catalase, coagulase
and Dnase enzymes production, and mannitol fermentation tests. Kirby Bauer
antimicrobial sensitivity testing was done according to the Clinical Laboratory
Standard Institute (CLSI) guidelines.

2.3. Isolation of Genomic DNA and Used Primers

Molecular testing was accomplished in the Molecular Epidemiology Laboratory,
Department of Epidemiology, Tropical Medicine Research Institute, Sudan. Ge-
nomic DNA was extracted using (G-spin™ Total DNA extraction kit) iNtron
(South Korea, Soul), Lot. No. 105251551. Extracted DNA was stored at —80°C
until used. Primers for 16S rRNA amplification, PVL, blaOXA-23 and blaOX-
A-51 were shown in (Table 1). Quality measurement of DNA concentration and
purity was accomplished by NanoDrop spectrophotometer (Bibby Scientific, UK).

2.4. PCR and Agarose Electrophoresis

Three different molecular tests were performed (PCR BIO RAD, USA); a single
PCR reaction for the detection of bacterial 16S rRNA gene, a single protocol for
PVL and multiplex protocol for blaOXA-23 and blaOXA-51 genes detection. For
the 16s rRNA, the initial denaturation done at 95°C for 6 minutes, 40 cycles at

95°C for 30 seconds is the denaturation, annealing for 1 minute at 50°C, and
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Table 1. Primers used in the study.

Fragment

Primer Sequence . Reference
size
l6sr
27 F 5-AGAGTTTGATCCTGGCTCAG-3’
1500 [30]
16sr
1492 R 5-GGTTACCTTGTTACGACTT-3
PvlF 5-GCTGGACAAAACTTCTTGGAATAT-3
85bp [31]
PvlR 5-GATAGGACACCAATAAATTCTGGATTG-3
Oxa 23 F 5-GAT CGG ATT GGA GAA CCA GA-3
501 bp [32]
Oxa23 R 5-ATT TCT GAC CGC ATT TCC AT-3
Oxa 51 F 5-TAA TGC TTT GAT CGG CCT TG-3
353 bp [32]
Oxa51 R 5-TGG ATT GCA CTT CAT CTT GG-3

extension at 72°C for one minutes. The final extension was 10 minutes at 72°C.
For PVL, an initial denaturation done for 1 minute at 94°C followed by 30
seconds of denaturation as 30 cycles at 94°C, 59°C of annealing temperatures for
1 minute, and an extension period of Iminute at 72°C. Final extension accom-
plished at 72°C for 10 minutes. The multiplex PCR performed at a denaturation
temperature of 94°C for 3 minutes, then 35 cycles for 45 seconds at 94°C, whe-
reas annealing done at 57°C for 45 seconds, and with extension at 72°C for 1
minute, and a final extension for 5minutesat 72°C. The PCR products were visu-

alized in 1% agarose gel after ethidium bromide staining.

2.5. Data Analysis

The collected qualitative data were analyzed descriptively to obtain frequency
and association. Significant P. value was less than 0.05. SPSS version 20 was used

for analysis process.

3. Results

A total of 70 strains of Staphylococcus aureus that were isolated from SSIs and
traumatic wounds were examined, all strains expressed resistance to cefepime
and vary degree of resistance to commonly used antimicrobials. 16s rRNA gene
as confirmatory for bacteria was detected with approximately 1500 bp (Figure
1). Each of PVL, blaOXA-23 and blaOXA-51 genes were successfully identified
with characteristic band size as presented in (Figure 2) and (Figure 3). The fre-
quency of PVL virulence gene, was observed in 41.4% (29/70) of Staphylococcus
aureus strains. Destribution of PVL gene in study subject according to the cha-
racters is showed in (Table 2). Presence of PVL gene was significantly associated
with resistance to meropenem and ceftriaxone as shown with Chi-Square of
0.023 and 0.037 respectively (Table 3). Presence of blaOXA-23 gene gave signe-

ficant association among strains that were resist to; meropenem, augmentin
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Figure 1. Amplified bacterial 16rRNA gene (1500 bp). M = DNA ladder, 1 - 4 = Positive
detection.

Figure 2. PCR amplification of PVL gene (85 bp). M = 100 bp DNA ladder, 1, 2,4 and 5 =
positive samples. 3 = negative sample.

Figure 3. Amplified blaOXA-23 (501 bp) and blaOXA-51 (353 bp) genes. M = 100 bp
DNA ladder, 1 = blaOXA-23 and blaOXA-51 positive, 2 = blaOXA-51 positive, 3 and 4 =
negative samples, 5 - 7 = positive samples.

and ceftriaxone (Table 4), and also blaOXA-51 gene gave significant association

among strains that were resist to meropenem (Table 5).

4. Discussion

It is widely recognized that Staphylococcus aureus, is a major cause of both hos-
pital- and community-acquired infections e.g. wound infections, bacteremia,

pneumonia and sepsis [25] [33] [34]. Strains associated with wounds infections are
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Table 2. Frequency and association of PVL gene of Staphylococcus aureus strains in

study subjects.
PVL positive PVL negative P. value
Gender
Male 16 21 0.744
Female 13 20
Age groups
16 - 40 7 14
0.655
41 - 60 12 14
>60 10 13
Wound type
SSI 16 23 0.939
Traumatic 13 18
Wound location
Abdomen 14 11
Hand 9 17 0.179
Foot 6 10
Back 0 3

frequently reported to develop certain virulence factors as well as multi-drug re-
sistance against commonly used antimicrobials [34] [35]. Recently, these resis-
tant strains of Staphylococcus aureus had been documented in both hospitalized
and community patients [36] [37]. Accurate identification of bacterial drug re-
sistance is one of health challenges in poor countries where, molecular tagging as
a diagnostic tool is not available especially in many developing countries [25].

Tested strains of Staphylococcus aureus in this study showed high positivity
for PVL gene, this finding may explain the magnitude of wound infections by
Staphylococcus aureus. Hence, Staphylococcus aureus that harbor PVL is poten-
tially skin invaders [11]. From the fact that, expression of PVL gene is motivated
by beta-lactam antibiotics with sub-MIC values [19], this study showed signifi-
cant relationship between PVL gene detection and resistance to beta-lactam an-
timicrobials such as meropenem and ceftriaxone. Interestingly, PVL gene was
markedly observed in strains of Staphylococcus aureus isolated from SSIs, which
could be interpreted by the movement of PVL Staphylococcus aureus producer
from community settings into hospitals [38]. On the other hand, infection with
PVL Staphylococcus aureus producers involves severe inflammatory responses,
tissues necrosis, tissue damage and in addition to higher ability for abscess for-
mation and risk of lower antibiotic diffusion [33] [39]. The existence of PVL
gene in the current study was not associated with age and gender of patients, and
same result had been considered by other author [17].

Unlike other studies done before, this research focus on the detection of be-
ta-lactamase gene D; blaOXA-23 and blaOXA-51 in Staphylococcus aureus, and
this result was not recorded before at the level of Sudan. Basically, blaOXA-23
and blaOXA-51genes are detected as evidence of resistance to carbapenems and
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Table 3. Positive and negative PVL gene of Staphylococcus aureus according to suscepti-
bility to commonly used antimicrobials.

PVL positive PVL negative P. value
Meropenem
Sensitive 19 37
. 0.023
Intermediate 2 2
Resistant 8 2
Gentamycin
Sensitive 17 19
. 0.356
Intermediate 1 5
Resistant 11 17
Ciprofloxacin
Sensitive 8 15
. 0.703
Intermediate 3 3
Resistant 18 23
Augmentin
Sensitive 5 12
i 0.138
Intermediate 3 9
Resistant 21 20
Cefuroxime
Sensitive 6 11
. 0.730
Intermediate 2 4
Resistant 21 26
Ceftriaxone
Sensitive 6 17
. 0.037
Intermediate 2 7
Resistant 21 17
Cefotaxime
Sensitive 6 14
. 0.243
Intermediate 3 7
Resistant 20 20

some beta-lactam drugs in Gram-negative bacteria [40]. One of the possible
scenarios for the acquisition of the plasmid mediated blaOXA-23 gene in Sta-
phylococcus aureus is the transferring of genetic material through what is known
as mobile genetic elements as had been documented with other bacterial spe-
cies [41]. Importantly, in this study all studied blaOXA-23 producer Staphylo-
coccus aureus strains were resistant to meropenem, augmentin and cefuroxime,
as well as, 90% of ceftriaxone and cefotaxime resistant. This was indicated by
other studies [42] [43], which considered the mechanism of blaOXA-23 gene
production to be a major reason for the resistance against meropenem and other
beta-lactams antibacterials. Moreover, blaOXA-23 positivity was significantly
associated in the current study with resistance against meropenem, augmentin

and ceftriaxone.
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Table 4. Distribution and association of blaOXA-23 gene of Staphylococcus aureus ac-
cording to susceptibility to commonly used antimicrobials.

blaOXA-23 positive blaOXA-23 negative P. value

Meropenem
Sensitive 0 56
. 0.000
Intermediate 0 4
Resistant 10 0
Gentamycin
Sensitive 7 29
. 0.355
Intermediate 0 6
Resistant 3 25
Ciprofloxacin
Sensitive 5 18
: 0.108
Intermediate 2 4
Resistant 3 38
Augmentin
Sensitive 0 17
i 0.016
Intermediate 0 12
Resistant 10 31
Cefuroxime
Sensitive 0 17
. 0.058
Intermediate 0 6
Resistant 10 37
Ceftriaxone
Sensitive 1 22
. 0.047
Intermediate 0 9
Resistant 9 29
Cefotaxime
Sensitive 1 19
: 0.071
Intermediate 0 10
Resistant 9 31

In this study the chromosomal mediated blaOXA-51gene in Staphylococcus
aureus was less detected when compared to blaOXA-23, and at the same time
expressed similar feature against tested antibacterials. In line, recent findings
have indicated that transferring of resistant genes via plasmids is higher than
chromosomal genes [44]. In the current study each of blaOXA-23 and blaOX-
A-51 resistant genes were found among SSIs isolates of Staphylococcus aureus
rather than traumatic wounds, by looking to probable source of infection, SSIs
are more likely caused by resistant strains.

This study showed that a considerable proportion of Staphylococcus aureus,
especially those found in hospital, possessed PVL gene. The occurrence of PVL

was frequently recorded in the community, which indicate the spreading from
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Table 5. Distribution and association of blaOXA-51 gene of Staphylococcus aureus ac-
cording to susceptibility to commonly used antimicrobials.

blaOXA-51 positive ~ blaOXA-51 negative P. value

Meropenem
Sensitive 0 56
. 0.000
Intermediate 0 4
Resistant 4 6
Gentamycin
Sensitive 3 33
. 0.588
Intermediate 0 6
Resistant 1 27
Ciprofloxacin
Sensitive 1 22
. 0.000
Intermediate 2 39
Resistant 1 5
Augmentin
Sensitive 0 17
. 0.223
Intermediate 0 12
Resistant 4 37
Cefuroxime
Sensitive 0 17
. 0.354
Intermediate 0 6
Resistant 4 43
Ceftriaxone
Sensitive 0 23
. 0.168
Intermediate 0 9
Resistant 4 34
Cefotaxime
Sensitive 0 20
. 0.204
Intermediate 0 10
Resistant 4 36

the community into the hospitals [45].

4.1. Conclusion

Significant proportion of isolated Staphylococcus aureus possessed PVL gene
as virulence factor contributed to wound infections. Each of blaOXA-23 and
baOXA-51 drug resistance gens were detected among isolated Staphylococcus
aureus strains and correlated to resistance against commonly used antimicro-

bials; meropenem, ceftriaxone, augmentin and ciprofloxacin.

4.2. Limitation of Study

More information about these resistance genes, as analysis of the genetic code
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may help in comparing similar genes, which did not be accomplished in this
study. We also did not classify wounds into acute and chronic, which may help

in the epidemiological values.
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