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Abstract multidrug resistant, but were susceptible to
Gentamicin, Ciprofloxacin, Trimethoprim-

Methicillin Resistant Staphylococcus aureus sulphamethoxazole and Tetracycline.

(MRSA) has been a major culprit in many

problematic infections especially in wound We recorded a high proportion of MRSA and
infections due to its failure to respond to Multidrug resistant-MRSA isolates from
antibiotics and a leading bacterial agent in wound infections in Zaria, thus, much
community  acquired infections and emphasis on infection control measures
infections acquired in hospitals. This study should be prioritized. There is the need to
investigated the prevalence and antibiotic increase the effectiveness of prevention and
resistant profile of MRSA in patients infection control measures as well as
with wound infections in Zaria. treatment of MRSA infections.

Two hundred and seventy-two wound swabs Keywords:  MRSA, antibiotic resistance,
were collected from three hospitals in Zaria, wound infections

Kaduna State. These were analyzed using

standard microbiological and biochemical Introduction

procedures for staphylococcal isolation. The skin is an essential structure serving as a
Confirmed S. aureus isolates were evaluated shield for the internal tissues of the human
for methicillin resistance using cefoxitin disc body against pathogens, various forms of
and multidrug resistance status. damage such as chemical and mechanical

injury, UV light among others and is
considered the largest organ in the body
(Yousef et al., 2017).An impaired skin
resulting from wounding supports an
impeccable milieu for the colonization,
proliferation, and infection by
microbes(Tsige et al., 2020). Common

Of the 272 suspected Staphylococcal isolates
analyzed, 73 (27%) were confirmed as S.
aureus isolates, of which 63 (86 %) were
MRSA. The infection rate of MRSA was
found to be higher in males than in females.
MRSA strains were 100 % resistant to the -
lactam antibiotics, with 57.1 % being
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bacteria often implicated in skin infections
include Staphylococcus

aureus, Streptococcus species, Enterococcus
species  Escherichia  coli, Klebsiella
pneumonia, Pseudomonas aeruginosa, ,
and Proteus species, (Ramsay et al., 2016;
Tsige et al.,, 2020). Among the most
frequently encountered bacteria, S. aureus, is
implicated among aetiologies of healthcare
associated infections, especially surgical
wound infections, a leading cause of
nosocomial infections(Sisiraket al., 2010; Xu
et al., 2021) and community acquired
infections (Darboe et al., 2019).

Infections of wounds are re-emerging
medical problem worldwide, especially
because of multidrug resistance nature of
their causative organism, with consequent
huge economic burden, morbidity and
mortality (Janssen et al., 2018).ldentifying
the aetiology of wound infections is usually
tasking, requiring time and qualified
professionals. Pallavaliand colleagues in
2017, documented that the most frequent
bacterial isolates implicated are S. aureus, E.
coli, Klebsiellaspp,P. aeruginosa, and
Acinetobacterspp, as common causes of
septic wounds in their study. In the hospital
environment, these bacteria tend to be
multidrug resistant and difficult to control
(Chudobovaet al., 2015),this may worsen
wound care in the near future (Mahmoudi and
Gould 2020).

Changes in the drug susceptibility profile of
S. aureus have been reported globally,
thereby making treatment of its infections
very difficult (Aslamet al., 2018). Wounds
infections caused bysS. aureus particularly the
multidrug resistant Methicillin  Resistant
Staphylococcus aureus (MRSA) strains can
be found both as community and
hospitalacquired infections resulting in
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significant  morbidity and  mortality,
increased length of hospital stay and cost
(Negut et al., 2018; Dilnessa, 2019), Siddiqui
and Koirala, 2020). Furthermore, MRSA
tends to spread faster than other strains,and
are often difficult to eradicate once
established especially in the hospital. This is
due to its extraordinary ability to acquire
resistance to antimicrobial agents(Nehzadet
al., 2017). MRSA transmission usually
ensues from contact with colonized or
infected patients or staff to other patients or
staff (Yezliet al.,, 2014; Nadimpalli et al,
2020). In some countries, MRSA make up to
three-quarter of all S aureus isolates in
hospitals (Dilnessa and Bitew, 2016), with
significant proportion seen among hospital
staff in direct contact with infected patients
(Siddiqui and Kaoirala, 2020). However, there
is marked variation in the prevalence from
hospitals in the same region and country, and
from one country to another (Dilnessa, 2019).
Thus, information from one hospital or
region cannot be accurately extrapolated for
other regions. Hence the need to periodically
update local data on MRSA especially from
wounds. This study will provide knowledge
of the current drug resistance patterns which
will help in developing more effective
antibiotic therapy guidelines and streamline
appropriate antibiotic stewardship policies to
combat antibiotic resistance. This study thus
aims to determine the prevalence of MRSA
in wound infections and the resistance profile
of S. aureus isolates from such wound
infections obtained from some hospitals in
Zaria.

Materials and Methods
Study design

A cross sectional study was conducted on two
hundred and seventy-two wound swabs from



Prevalence and Antimicrobial Resistance MRSA

three hospitals in Zaria, Kaduna State from
September 2017 to November 2018. The
needed patient bio-data was also collected.
This study was approved by the Committee
on Use of Human Subjects for Research of
the Ahmadu Bello University, Zaria, Kaduna
State, Nigeria

Sample collection and bacterial

identification

Wound biopsy or wound swabs samples were
collected and inoculated onto Mannitol Salt
Agar(Oxoid, Ltd, United Kingdom), this was
incubated at 37°C for 24hours.Colonies
appearing discrete and golden yellow to
yellow were presumptively identified as S.
aureus. These were confirmed using
microscopic morphology (Gram’s Staining)
and biochemical tests such as catalase and
coagulase reaction, further confirmation was
done using rapid test Kkits (Latex
agglutination kit (oxoid) and Microgen
STAPH ID system/software). Confirmed S.
aureus isolates were sub cultured onto

nutrient agar slants and incubated at 37°C for
18 hours (Cheesebrough, 2006). The slants
were then kept at 4°C for further analysis.

Screening of Methicillin-resistance

Methicillin-resistant S. aureus isolates were
screened using cefoxitin disc (30 pg) on
Muller Hinton agar plates, with incubation at
35°C for 16 -18 hours following theClinical
and Laboratory Standards Institute guidelines
(CLSI, 2018). Isolates with diameter of zones
of inhibition < 21mm were deemed resistant
and regarded as MRSA.

Antimicrobial Susceptibility testing

All MRSA strains were subjected to
antimicrobial susceptibility testing against
Cefuroxime (30pg), Ceftriazone (30pg),

Oxacillin ~ (Ipg), Amoxicillin  (10pg),
Amoxicillin/Clavulanic acid (30pg),
JCBR Vol 2 Is 5 Sept-Oct 2022
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Gentamicin (10pg), Ciprofloxacin (5pug),
Erythromycin (15pg), Suphamethoxazole-
Trimethoprim (25pg), Tetracycline (30pg),
Linezolid (10pg) Vancomycin (30ug), and
Chloramphenicol (30 pg), using the modified
Kirby-Bauer disc diffusion technique on
Muller Hinton agar (MHA)(Oxoid Ltd, UK)
and diameter of zones of inhibition were
interpreted based on the Clinical and
Laboratory Standards Institute guidelines
(CLSI, 2018). Briefly, discrete (three to five
pure colonies) colonies from 24hour culture
of the MRSA isolates on nutrient agar plates

were emulsified in  5ml of sterile
physiological saline and adjusted to a
turbidity standard equivalent to 0.5

McFarland standard, a sterile swab was
dipped in the suspension, and the entire
surface of the MHA plates was swabbed in
three directions with 60° rotation after each
swabbing to ensure even distribution and the
plates allowed to dry for 30 minutes. The
antibiotic discs were then placed aseptically
on the MHA plates using a multidisc
dispenser, and plates were allowed to stand
for 30 minutes to allow for pre diffusion of
antibiotic before incubation at 37°C for 18 -
24hrs, thereafter the diameter of zones of
inhibition were measured to the nearest
millimeter. Multidrug resistance (MDR) was
defined as resistance to at least one agent in
three or more antimicrobial categories
(Magiorakos et al., 2012).All the antibiotic
discs used were supplied by Oxoid Ltd.,
Basingstoke Hampshire, England.

The data obtained were entered into Excel
and analyzed using frequency distribution
tables.

Results
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Out of 272 specimen collected from wound 61.64% (45) were from males and 38.36%
infection swabs, 73 (27 %) were confirmed as (28) from females, with 71. 23 % (52) from
S aureus using rapid test kits. Of these, adults Table 1.

Table 1: Percentage Distribution of Staph aureus from Wound Infection According to Age
and Gender from Three Hospitals in Zaria,

Characteristics of n (%)

patients

Age (subgroup)

>18 52 (71.23)

<18 19 (26.03)

Unspecified 2 (2.74)

Gender

Male 45 (61.64)

Female 28 (38.36)

Type of  wound

infections

Ulcers 41 (56.16)

Surgical 4 (5.48)

Trauma 11 (15.07)

Burn 1(1.37)

Pus 14 (19.18)

Unspecified 2(2.74)
Proportion of MRSA with ulcers having the highest percentage
Of the 73 S. aureus, 63 (86 %) were identified (Fig 2).

as methicillin-resistant S. aureus (Fig 1),
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13.70%

m MRSA
m MSSA

86.30%

Figure 1: Proportion of MRSA among S. aureusisolates from wound infection in the Three Health
Centres

Unspecified , 1.59

Pus, 20.63

Burn, 1.59

Trauma, 12.7 Ulcers, 61.9

Fig 2: Percentage Distribution of MRSA Based on the Type of Wound

Infections
Resistant pattern of MRSA Clavulanate, Oxacillin, Cefuroxime, and
The methicillin-resistant S. aureus strains C_:eftrla_xone) foll(()) wed byoerythr_omycm aer
howed 100 % resistance against the p- linezolid (41.27%, 38.1%), Ciprofloxacin
3 and Gentamicin (22.2%, 12.7%) Fig 3.

lactam antibiotics (Amoxicillin, Amoxicillin-
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Fig 3: Antibiotic Resistance profile of MRSA Isolates from Wound Infection

Key: AMC Amoxicillin-Clavulanate, AML Amoxicillin, CRO Ceftriaxone, OX Oxacillin,, FOX cefoxitin,
CXM Cefuroxime, E erythromycin, CIP Ciprofloxacin, CN Gentamicin, TET Tetracycline, SXT
Trimethoprim-sulphamethoxazole, LZD linezolid

phenotypic resistant pattern were observed,
AMC, AML, CRO, OX, FOX, and CXM
being the most common, Table 2. None of the
strains were found to be resistant to all
antibiotics used.

From the sixty-three MRSA isolates
identified, 31 (49 %) were multidrug
resistant, Fig 4 and thirty-two different

70
60
50
40
30
20

10

No. of S. aureus

MRSA MDR
Resistance profile

Fig 4: No of Multidrug Resistant S. aureus in Relation to MRSA Isolated from Wound
Infection Based on their Resistance Profile

Key: MDR Multidrug Resistance; MRSA Methicillin-resistant S. aureus
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Table 2: Antibiotic Resistant Phenotype of Methicillin Resistant Staphylococcus aureus
Isolates from Wound Infections

S/No  Phenotypic Resistant Pattern Frequency %
1 AMC, AML, CRO, OX, FOX, CXM, KF 18 28.57
2 AMC, AML, CRO, OX, FOX, CXM, KF, VA 3 4.76
3 AMC, AML, CRO, OX, FOX, CXM, KF, VA, E 1 1.59
4 AMC, AML, CRO, OX, FOX, CXM, KF, CIP 4 6.35
5 AMC, AML, CRO, OX, FOX, CXM, KF, VA, E, CIP 1 1.59
6 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, SXT, LZD, VA, CN 1 1.59
7 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, SXT, LZD, VA 1 1.59
8 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, SXT, CN 1 1.59
9 AMC, AML, CRO, OX, FOX, CXM, KF, E 4 6.35
10 AMC, AML, CRO, OX, FOX, CXM, KF, E, CN, CIP, TET, SXT, LZD 1 1.59
11 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, SXT, LZD 3 4.76
12 AMC, AML, CRO, OX, FOX, CXM, KF, CIP, SXT, LZD 1 1.59
13 AMC, AML, CRO, OX, FOX, CXM, KF, LZD 2 3.17
14 AMC, AML, CRO, OX, FOX, CXM, KF, E, CN, CIP, TET 1 1.59
15 AMC, AML, CRO, OX, FOX, CXM, KF, CN, CIP, SXT, LZD 1 1.59
16 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, LZD 1 1.59
17 AMC, AML, CRO, OX, FOX, CXM, KF, E, CIP, TET, SXT, LZD 1 1.59
18 AMC, AML, CRO, OX, FOX, CXM, KF, E, CN, TET 1 1.59
19 AMC, AML, CRO, OX, FOX, CXM, KF, E, CN, CIP, TET, LZD 1 1.59
20 AMC, AML, CRO, OX, FOX, CXM, KF, E, VA, SXT, LZD 2 3.17
21 AMC, AML, CRO, OX, FOX, CXM, KF, CN, VA, LZD 1 1.59
22 AMC, AML, CRO, OX, FOX, CXM, KF, VA, TET 1 1.59
23 AMC, AML, CRO, OX, FOX, CXM, KF, E, VA, LZD 2 3.17
24 AMC, AML, CRO, OX, FOX, CXM, KF, LZD, CIP 1 1.59
25 AMC, AML, CRO, OX, FOX, CXM, KF, CN, CIP, LZD 1 1.59
26 AMC, AML, CRO, OX, FOX, CXM, KF, E, CIP, TET, VA, SXT, LZD 1 1.59
27 AMC, AML, CRO, OX, FOX, CXM, KF, LZD, VA 2 3.17
28 AMC, AML, CRO, OX, FOX, CXM, KF, E, TET, SXT, LZD, VA 1 1.59
29 AMC, AML, CRO, OX, FOX, CXM, KF, E, SXT, LZD, VA 1 1.59
30 AMC, AML, CRO, OX, FOX, CXM, KF, TET 1 1.59
31 AMC, AML, CRO, OX, FOX, CXM, KF, E, CN, TET, SXT 1 1.59
32 AMC, AML, CRO, OX, FOX, CXM, KF, CIP, VA 1 1.59
Total 63 100
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Discussion

Staphylococcal infections have been reported
to be common in developing countries and
still remain globally, a significant cause of
mortality and morbidity, (Almeida et al.,
2014; Dilnessa and Bitew, 2016). Among the
Staphylococci, Staphylococcus aureus is
known to be the most virulent causing both
community and healthcare related infections
worldwide (Lee et al., 2018). Globally,
wound infections are re-emerging with a
consequent  huge economic  burden,
morbidity and mortality. Due to the
polymicrobial nature of infected wounds and
because microbiological investigations are
demanding, it is often ignored in the sub-
Saharan Africa countries(Janssen et al.,
2018).Bacteria often linked with infections of
wound include Staphylococcus
aureus, Streptococcus species,

and Enterococcus species among the Gram
positive pathogens, and Pseudomonas
aeruginosa, Klebsiellapneumoniae,
Escherichia

coli, and Proteus species, among the Gram
negatives(Mohammed et al, 2017; Janssen et
al., 2018). Effective wound treatment often
requires careful consideration, interventions
necessitating several clinic or hospital visits
with aconsequential costs associated with
wound care (Muhammedet al, 2017).

In this study, S aureus from wound infection
were higher in males 61.64%, than in females
38.36%. this is in agreement with the findings
of Garoy et al., (2019) and Ali and Najm,
(2021), who stated that isolation rate of S
aureus from wound infectionwas higher in
males than females in their study, possibly,
due to the nature of their occupation.

Findings from this study showed a high
percentage 86 % of S aureus isolates from
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wound infection were MRSA, such high
percentage of MRSA occurrence in the study
area might be due to overcrowding of the
healthcare facility, shared equipment and
contact with contaminated hands of the
health care providers (CDC, 2019; Lena et
al., 2021) and may result to poor clinical
outcome. This rate is higher than those earlier
reported in Nigeria, 22.6 % in Ebonyi by
Ariomet al., (2019), 25 % in Sokoto, by
Olowo-Okereet al, (2017), 26.9 % in Abuja
by Abdullahi and Iregbu, (2018) and 28.6 %
in Ibadan by Adetayoet al, (2014), other
African countries such as in Egypt, 5.6 %, EI
Nasser et al, (2019); 27.8% in Kenya, Gitau
et al., (2018) and a pooled prevalence of 49
% in a meta-analysis from Ethiopia (Sisayet
al, 2019), and also in other studies from other
parts of the world, India (Hemamaliniet al,
2015; Shrestha et al, 2018) and Iran
(Nibakhtet al, 2017). However, there are
reports that are similar to the findings of this
study, that show high incidence of MRSA not
only in Nigeria 72 %, Udobi et al., (2013) but
also in Eritrea 75 %, Garoyet al., (2019). In a
systematic review conducted recently, the
prevalence of MRSA was reported to be on
the rise in most African countries, although
the rate is still below 50%, wound specimen
presents with the highest proportion of all
MRSA isolates (Abubakar and Sulaiman,
2018; Almanaa et al., 2020). In a report,
WHO highlights thedanger MRSA poses to
healthcare systems in Africa, stating that, up
to 80% of S. aureus infections in several parts
of Africa, are resistant to methicillin
(MRSA), making treatment with standard
antibiotics ineffective (Garoyet al, 2019).
The differences in variation in the prevalence
of MRSA could be attributed to many factors
such as differences in types of specimen,
laboratory procedures (phenotypic methods,
or DNA-based procedures for MRSA
detection), study population and duration,
among others (Garoyet al, 2019). MRSA
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interferes with wound healing, increasing the
severity of lesions and chances of other types
of infection. Besides, infected lesions tend to
be reservoirs for other pathogens, causing
infection (Pereira-Franchiet al, 2017).

Among MRSA isolates in this study, 49.2 %
were MDR, a figure lower than earlier reports
in Uganda 95.2 % Kateeteet al., (2019), in
Ethiopia 69.2 % Tsigeet al., 2020, in Poland,
92.9 % Kaotet al, (2020), 68.0 % by Abdullahi
and Iregbu, (2018) in central Nigeriaand 71.4
% in Iran, Eftikharet al., (2017). Although, a
little higher than 44 % earlier documented in
the same locality (Obajuluwaet al., 2018).
MRSA strains have been shown to exhibit
resistance to several antibiotics such as -
lactam (penicillins, cephalosporins,
carbapenems), fluoroquinolones, macrolides,
aminoglycosides, clindamycins  among
others, they are now regarded as the first-
class multidrug resistant pathogens (Gajdacs,
2019).MDR S. aureus isolates are often
linked to inappropriate use of antibiotics,
whether in human care as in self-medication
or in veterinary, and poor or inadequate
infection control and prevention practices
(Garoy et al., 2019).

Thirty-two different phenotypic resistant
pattern was observed among the MRSA, with
B-lactam antibiotics being the most common
resistant pattern 28.57 % this could be
attributed to misuse, overuse of this class of
antibiotics by their availability over the
counter, without prescription and through
unregulated supply chains (Ayukekbong et
al., 2017). Antibiotic resistance pattern of the
MRSA isolates showed 100% resistance to
the Penicillins (Amoxicillin, Amoxicillin-

Clavulanic, and Oxacillin) and
Cephalosporins  used, there was lower
resistance to Linezolid, Erythromycin,

Trimethoprim-Sulphamethoxazole,

Gentamicin and Chloramphenicol. High
resistance to Penicillins have also been
reported in a number of studies in and outside
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Nigeria, Muhammed et al., (2013) reported
100% resistance to the Penicillins in Kano,
while 61.95% resistance was reported by
Olugbue et al, (2018) in Ebonyi, Nigeria.
Similarly, Hong et al., (2018), in South
Korea, reported an incidence of 69.9 %,
Khan et al, (2017), reported 82% in Pakistan
andin Iran, 94.7%, Nezhad et al., (2017). The
low percentage resistance observed to
Trimethoprim-Sulphamethoxazole and
gentamicin in this study has also been
reported by Muhammedet al., (2013), Hong
and Sung, (2018) and Muhammedet al.,
(2018) in their centers. In contrast to findings
in this study, high resistance to erythromycin
have been reported by some researchers,
Hong and Sung, (2018), Nehzadet al., (2017),
Aggarwal et al., (2019), and similar report of
high percentage resistance to Trimethoprim-
Sulphamethoxazole 97.2 %, have also been
documented in Ethiopia, by Kahsayet al.,
(2014) and 74 % in India, by Aggarwal et al.,
(2019). While in these studies, no resistance
against linezolid was recorded, 38.35% of
resistance was found in this study. However,
55 % was earlier reported from Iran,
Arianpooret al., (2015). This finding is
indicative of decline in the effectiveness of
drugs used in the management of infections
caused by S. aureus in this environment
representing an alarming threat to patient
health, (Kumar, 2016).

The threat of antibiotic resistance in S.aureus
has become global and has been rising in the
past several years. Unfortunately, this is
facilitated in developing countries by lack of
or unimplemented antibiotic policies, misuse
of antimicrobials  especially  without
prescription, suboptimal or uncompleted
dosing, ease of access over the counter and
unregulated supply chains (Ayukekbonget
al., 2017). In addition, there are incidences of
patients abandoning their medication as
result of short side effect, these patients tend
to come back to the hospital with recurring
infection by a more virulent and resistant
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strain  of the infecting  bacteria.
Consequently,increasing the possibilities of
the surviving pathogens to acquire resistance
by exposing them to sub-therapeutic
concentrations of the
antimicrobials,(Ayukekbonget al., 2017).
Mass migration, rapid intercontinental travel
and trade also form an important route for the
spread or dissemination of resistant bacterial
strains from one geographic location to
another (Memishet al, 2003, van der Bijet al.,
2012, Laws et al., 2019).

Findings from this study, suggests a high
proportion 86% of Methicillin resistance S.
aureus and MDR-MRSA isolates from
wound infection, which were also resistant to
other B lactam antibiotics used and a
significant proportion were found resistant to
erythromycin and linezolid, while sensitive
to the fluoroquinolone, aminoglycoside,
tetracycline, sulphonamide. This observation
possibly will provide a valuable contribution
to the choice of first line antibiotics in the
treatment of wound infections caused by
MRSA, and has also highlighted the urgent
need for training and retraining on infection
prevention and  control, increasing
surveillance for antimicrobial resistance, and
instituting and improving on antibiotic
stewardship. Awareness talks to patients on
proper use of antibiotics, antibiotic resistance
and the dangers of misuse is of paramount
importance. Epidemiological studies aimed
at describing the predominant resistance
profile of circulating clones is necessary,
thereby increasing the effectiveness of
prevention and infection control measures as
well as treatment of MRSA infections.

Conflict of Interest

The authors declare no conflict of interest.

REFERENCES

JCBR Vol 2 Is 5 Sept-Oct 2022

484

AbdulAziz et al

Abubakar U, and Sulaiman SAS (2018):
Prevalence, trend and antimicrobial
susceptibility of Methicillin Resistant
Staphylococcus aureus in Nigeria: a
systematic review. In J of Infect and
PubHealth.; 11(6): 763-770.
https://doi.org/10.1016/j.jiph.2018.05.0
13

Abdullahi N, and Iregbu KC (2018):
Methicillin-resistant ~ Staphylococcus
aureus in a central Nigeria tertiary
hospital. Ann of Trop Path. 9(1): 6.

Adetayo TO, Deji-Agboola AM,
Popoola MY, Atoyebi TJ, and
Egberongbe KJ (2014): Prevalence of
methicillin resistant
Staphylococcusaureus from  Clinical
Specimens in Ibadan, Nigeria. The
Internat J of Eng and Sci. 3(9): 1-11

Ali A, and NamM(2021): The
Prevalence of Staphylococcus aureus
Isolated from Skin and Soft Tissue

Infections and Its Antibiotic
Susceptibility ~ Patterns. Algalam
Journal of Medical and Applied

Sciences. 4 (2):163-169

Almanaa TN, Alyahya SA, Khaled JM,
Shehu MR, Alharbi NS, Kadaikunnan S,
Alobaidi AS, & Khalid Alzahrani A
(2020): The extreme drug resistance
(XDR) Staphylococcus aureus strains
among patients: A retrospective study.
Saudi Journal of Biol Sci. 27(8): 1985—
1992.

https://doi.org/10.1016/J.SJBS.2020.04
.003

Almeida GCM, dos Santos MM, Lima
NGM, Cidral TA, Melo MCN, & Lima
KC (2014): Prevalence and factors
associated with wound colonization by
Staphylococcus spp. and
Staphylococcus aureus in hospitalized
patients in inland northeastern Brazil: a
cross-sectional study. BMC infectious



diseases. 14(1): 1-8.

Ariom TO, Iroha IR, MosesIB, Iroha
CS, Ude Ul, and Kalu AC (2019):
Detection and phenotypic
characterization of methicillin-resistant
Staphylococcus aureus from clinical and

community samples in Abakaliki,
Ebonyi State, Nigeria. African Health
Sci.19(2): 2026-

2035.DOI: 10.4314/ahs.v19i2.26 PMID
: 31656486 PMCID: PMC6794515

Aslam B, Wang W, Arshad MI,
Khurshid M, Muzammil S, Rasool MH,
Nisar MA, Alvi RF, Aslam MA, Qamar
MU, Salamat M, &Baloch Z (2018):
Antibiotic resistance: a rundown of a
global crisis. Infection and  drug
resistance. 11: 1645-1658.
https://doi.org/10.2147/IDR.S173867

Aggarwal S, Jena S, Panda S, Sharma S,
Dhawan B, Nath G, Singh NP, Nayak
KC and Singh DV (2019): Antibiotic
susceptibility, virulence pattern, and
typing of Staphylococcus aureus strains
isolated from variety of infections in
India. Frontiers in microbiology. 10
2763..

Arianpoor A. EstajiF, Naderinasab M,
and Askari E (2015): Antimicrobial
susceptibility pattern of Staphylococcus
aureus isolates against newly marketed
antibiotics: a report from Imam Reza

Hospital of Mashhad,
Iran. Razavilnternat) of Med. 3(4):
e31568.

Ayukekbong JA, Ntemgwa M, & Atabe
AN (2017): The threat of antimicrobial
resistance in developing countries:
Causes and  control  strategies.
AntimicrobResist and Infect Control.
6(1): 1-8
https://doi.org/10.1186/s13756-017-
0208-x

JCBR Vol 2 Is 5 Sept-Oct 2022

Prevalence and Antimicrobial Resistance MRSA

485

AbdulAziz et al

Centers for Disease Control and
Prevention (CDC 2019),National Center
for Emerging and Zoonotic Infectious
Diseases (NCEZID),Division of
Healthcare Quality Promotion (DHQP)

Chudobova D, Cihalova K, Guran R,
Dostalova S, Smerkova K, Vesely R,
Gumulec J, Masarik M, Heger Z,
Adama V, andKizek R (2015):
Influence of microbiome species in
hard-to-heal wounds on disease severity
and treatment duration. Brazilian J of
Infect Dis. 19: 604-613

Cheesbrough, M. District Laboratory
Practice in Tropical Countries—Part 2.
2nd Edition, Cambridge University
Press, New York.
http://dx.doi.org/10.1017/CB0O9780511
543470

CLSI 2018. Performance Standards for
Antimicrobial Susceptibility Testing.
Clinical and Laboratory Standards
Institute 950 West Valley Road, Suite
2500 Wayne, PA 19087 USA

Darboe S, Dobreniecki S, Jarju S, Jallow
M, Mohammed NI, Wathuo M, Ceesay
B, Tweed S, BasuRoy R, Okomo U,
Kwambana-Adams B, Antonio M,
Bradbury RS, de Silva TI, Forrest K,
Roca A, Lawal BJ, Nwakanma D, &
Secka O. (2019): Prevalence of Panton-

Valentine Leukocidin  (PVL) and
Antimicrobial Resistance in
Community-Acquired Clinical

Staphylococcus aureus in an Urban
Gambian Hospital: A 11-Year Period
Retrospective Pilot Study In Front in
Cell and Infect Microbiol.;9
https://www.frontiersin.org/article/10.3
389/fcimb.00170

Dilnessa T (2019): Antimicrobial
Susceptibility Pattern of


https://doi.org/10.4314/ahs.v19i2.26
https://doi.org/10.2147/IDR.S173867
http://www.cdc.gov/
http://www.cdc.gov/
https://www.cdc.gov/ncezid/dw-index.html
https://www.cdc.gov/ncezid/dw-index.html
https://www.cdc.gov/ncezid/dw-index.html
https://www.cdc.gov/ncezid/dhqp/index.html
https://www.cdc.gov/ncezid/dhqp/index.html

Staphylococcus aureus. In
Staphylococcus aureus :
https://doi.org/10.5772/intechopen.746
15

Eftekhar F, Rezaee R, Azad M, Azimi
H, Goudarzi H, and Goudarzi M (2017):
Distribution of adhesion and toxin genes
in Staphylococcusaureus strains
recovered from hospitalized patients
admitted to the ICU. Archives of
Pediatric Infectious Diseases. 5(1):
€39349.

El-Nasser AM, El Salakawy AH, Mira
AA, lbrahim DF, and El-Sharaky HF

(2019): Epidemiological typing of
methicillin  resistant Staphylococcus
aureus isolated from surgical site

infection following Caesarean section in
an Egyptian university hospital. The
Egyptian J of Hosp Med. 77(5): 5534-
5541.

Gajdacs M (2019): The Continuing
threat of  Methicillin  Resistant
Staphylococcus aureus. Antibiotics.8
(2): 52;
https://doi.org/10.3390/antibiotics8020
052

Garoy EY, Gebreab YB, Achila OO,
Tekeste DG, Kesete R, Ghirmay R,
Kiflay R, & Tesfu T (2019): Methicillin-
Resistant  Staphylococcus  aureus
(MRSA): Prevalence and Antimicrobial
Sensitivity Pattern among Patients - A
Multicenter Study in Asmara, Eritrea.
Canadian J of Infect Dis and
MedMicrobiol.
https://doi.org/10.1155/2019/8321834

Gitau W, Masika M, Musyoki M,
Museve B, & Mutwiri T (2018):
Antimicrobial susceptibility pattern of
Staphylococcus aureus isolates from
clinical specimens at Kenyatta National
Hospital. BMC Research Notes. 1-5.
https://doi.org/10.1186/s13104-018-

JCBR Vol 2 Is 5 Sept-Oct 2022

Prevalence and Antimicrobial Resistance MRSA

486

AbdulAziz et al

3337-2

Guo Y, Song G, Sun M, Wang J, &
Wang Y (2020):  Prevalence and
therapies of antibiotic-resistance in
Staphylococcus aureus. Frontiers in cell
and infectmicrobiol. 10: 107.

HemamaliniV, KavithaV, and
Ramachandran S (2015): In vitro
antibiogram pattern of Staphylococcus
aureus isolated from wound infection
and molecular analysis of mecA gene
and restriction sites in methicillin
resistant Staphylococcus aureus.J of
Adv Pharmaceutical Tech & Res. 6(4):
170.

Hong SN, Kim J, and Sung HH (2018):
Differences in the antibiotic resistance
pattern of Staphylococcus aureus
isolated by clinical specimens in a
university hospital in South
Korea. Korean Journal of Clin Lab
Sci. 50(2): 85-92.

Khan I, Sarwar N, Ahmad B, Azam S,
and Rehman N (2017): Identification
and Antimicrobial Susceptibility Profile
of Bacterial Pathogens Isolated From
Wound Infections in a Teaching
Hospital, Peshawar, Pakistan.
Advancements in Life Sciences. 5(1):
08-12

Janssen H,
KainyahC,

Janssen |, Cooper, P,
Pellio T, Quintel M,
Monnheimer M, GrobUand Schulze
MH (2018): Antimicrobial-resistant
bacteria in infected wounds, Ghana,
2014. Emerging infectious
diseases. 24(5): 916.

Kahsay A, MihretA,Abebe T,
&Andualem T (2014). Isolation and
antimicrobial susceptibility pattern of
Staphylococcus aureus in patients with
surgical site infection at DebreMarkos
Referral Hospital, Amhara Region,


https://doi.org/10.3390/antibiotics8020052
https://doi.org/10.3390/antibiotics8020052

Ethiopia. Archives of public
Health. 72(1): 1-
7.https://doi.org/10.1186/2049-3258-
72-16

Khan I, Sarwar N, Ahmad B, Azam S,
and Rehman N (2017). ldentification
and Antimicrobial Susceptibility Profile
of Bacterial Pathogens Isolated From
Wound Infections in a Teaching
Hospital, Peshawar, Pakistan.
Advancements in Life Sciences. 5(1):
08-12

Kumar M (2016): Multidrug-Resistant
Staphylococcus aureus, India, 2013-
2015. Emerging Infect Dis.22(9): 1666-
1667.
https://dx.doi.org/10.3201/eid2209.160
044

Laws M, Shaaban A, and Rahman KM
(2019): Antibiotic resistance breakers:
current  approaches and  future
directions. FEMS Microbiol Rev. 43(5):
490-516.

Lee A, de

J. Kluytmans J,
Peschel A, and
(2018): Methicillin-
resistant Staphylococcus  aureus. Nat
Rev Dis Primers 2018 4, 18033
https://doi.org/10.1038/nrdp.2018.33

Lena P, Ishak A, Karageorgos, SA, &
Tsioutis C (2021): Presence of
methicillin-resistant
Staphylococcusaureus (MRSA) on
healthcare workers’ attire: A systematic
review. Tropical Medicine and
Infectious Disease. 6(2):
https://doi.org/10.3390/tropicalmed602
0042

Lencastre H, Garau
Malhotra-Kumar S,
Harbarth S

Magiorakos AP, Srinivasan A, Carey
RB, Carmeli Y, Falagas ME, Giske CG,
Harbarth S, Hindler JF, Kahlmeter G,
Olsson-Liljequist B, Paterso, DL, Rice

JCBR Vol 2 Is 5 Sept-Oct 2022

Prevalence and Antimicrobial Resistance MRSA

487

AbdulAziz et al

LB, Stelling J, Struelens MJ,
Vatopoulos A, Weber JT, & Monnet DL
(2012): Multidrug-resistant, extensively
drug-resistant and pandrug-resistant
bacteria: an international expert
proposal for interim standard definitions
for acquired resistance. Clinical
Microbiol and Infect. 18(3): 268-281.
https://doi.org/10.1111/J.1469-
0691.2011.03570.X

Mohammed A., Adeshina GO, and
Ibrahim YKE (2013): Retrospective
incidence of wound infections and
antibiotic sensitivity pattern: A study
conducted at the Aminu Kano Teaching
Hospital, Kano, Nigeria. International
journal of medicine and medical
sciences. 5(2): 60-66.

Mohammed A, Seid ME, Gebrecherkos
T, Tiruneh M, and Moges F (2017):
Bacterial isolates and their antimicrobial
susceptibility  patterns of  wound
infections among inpatients and
outpatients attending the University of
Gondar Referral Hospital, Northwest
Ethiopia. Internat journal of
microbiol. 8953829.
https://doi.org/10.1155/2017/8953829

Mohammed J, Ziwa MH, Hounmanou
YMG, Kisanga A, and Tuntufye HN
(2018):  Molecular  typing  and
antimicrobial susceptibility of
methicillin-resistant ~ Staphylococcus
aureus isolated from bovine milk in
Tanzania. Internat j of microbiol.
4287431. doi: 10.1155/2018/4287431.

Memish ZA, Venkatesh S, and Shibl
AM (2003): Impact of travel on
international spread of antimicrobial
resistance. International  journal of
antimicrobial agents, 21(2), 135-142.

Nadimpalli ML, Marks SJ, Montealegre
MC, Gilman RH, Pajuelo MJ, Saito M,
TsukayamaP, Njenga SM, Kiiru J,


https://doi.org/10.1186/2049-3258-72-16
https://doi.org/10.1186/2049-3258-72-16
https://dx.doi.org/10.3201/eid2209.160044
https://dx.doi.org/10.3201/eid2209.160044

Swarthout J, Islam MA, Julian TR, &
Pickering AJ (2020): Urban informal
settlements as hotspots of antimicrobial
resistance and the need to curb
environmental transmission. Nature
microbiology, 5(6), 787-795.
https://doi.org/10.1038/s41564-020-
0722-0

Nezhad RR, Meybodi SM, Rezaee R,
Goudarzi M, & Fazeli M (2017):
Molecular characterization and
resistance profile of methicillin resistant
Staphylococcus aureus strains isolated
from hospitalized patients in intensive
care unit, Tehran-Iran. Jundishapur J of
Microbiol.10(3): 1-9.
https://doi.org/10.5812/jjm.41666

Nsofor CA, Nwokenkwo VN, Ohale CU
(2016): Prevalence and antibiotic
susceptibility pattern of staphylococcus
aureus isolated from various clinical
specimens in south east Nigeria. MOJ
Cell Sci  Rep. 3(2): 60-63.
DOI: 10.15406/mojcsr.2016.03.00054

Olowo-Okere A, Atata RF, Abass A.,
Shuaibu AS, Yahya UH, and Tanko N
(2017):  Incidence and Antibiotic
Susceptibility Profile of Staphylococcus
aureus Isolates from Wounds of Patients
at  Specialist Hospital,  Sokoto,
Nigeria. Journal of medical
Bacteriology. 6(3-4): 44-50.

Obajuluwa AF, Olayinka BO, Adeshina
GO, and Onaolapo JA
(2018):Antibiogram of Staphylococci
Isolates from Orthopaedic Patients.
ActaSciPharm Sci. 2 (7): 22 — 26.

Olugbue VU, Nwaugo VO, Korie MC,
Okata MO, Oko | and Okoro NU
(2018): Antimicrobial Susceptibility
Profiles of Staphylococcus aureus
Strains from Ear, Nose and Wound
Swabs of Patients Attending Health
Care Facilities, Ebonyi Sate, Nigeria.

JCBR Vol 2 Is 5 Sept-Oct 2022

Prevalence and Antimicrobial Resistance MRSA

488

AbdulAziz et al

Microbiol Res J Internat. 23(1): 1-9.

Pallavali RR, Degati VL, Lomada D,
Reddy MC, Durbaka VRP (2017):
Isolation and in vitro evaluation of
bacteriophages against MDR-bacterial
isolates from septic wound infections.
PLOSONE.12(7):e0179245.
https://doi.org/10.1371/journal.pone.01
79245,

Ramsay S, Cowan L, Davidson JM,
Nanney L& Schultz G (2016): Wound
samples: Moving towards a
standardised method of collection and
analysis. International Wound Journal.
13(5): 880-891.
https://doi.org/10.1111/iwj.12399

Sisirak M, Zvizdic A, & Hukic M
(2010) Methicillin-resistant
Staphylococcus aureus (MRSA) as a
cause of nosocomial wound infections.
Bosnian Journal of Basic Medical
Sciences. 10(1): 32-37.
https://doi.org/10.17305/bjbms.2010.27
33

Siddiqui  AH, Koirala J (2020):
Methicillin Resistant Staphylococcus
aureus (MRSA). In:  StatPearls
[Internet]. Treasure Island (FL):
StatPearls Publishing; 2020
. https://www.ncbi.nlm.nih.gov/books/
NBK482221/

Tsige Y, Tadesse S, G/Eyesus T, Tefera
MM, Amsalu A, Menberu MA, &
Gelaw B (2020): Prevalence of
Methicillin-Resistant ~ Staphylococcus
aureus and Associated Risk Factors
among Patients with Wound Infection at
Referral Hospital, Northeast Ethiopia .
Journal of Path. 1-7.
https://doi.org/10.1155/2020/3168325

van der Bij AK, and Pitout JD (2012):
The role of international travel in the
worldwide spread of



https://doi.org/10.15406/mojcsr.2016.03.00054
https://www.ncbi.nlm.nih.gov/books/NBK482221/
https://www.ncbi.nlm.nih.gov/books/NBK482221/

Prevalence and Antimicrobial Resistance MRSA AbdulAziz et al

multiresistantEnterobacteriaceae. Journ
al of AntimicrobChemother. 67(9):
2090-2100.

Xu, W, Dielubanza E, Maisel A, Leung
K, Mustoe T, Hong S, & Galiano R
(2021): Staphylococcus aureus impairs
cutaneous wound healing by activating
the expression of a gap junction protein,
connexin-43 in keratinocytes. Cellular
and Molecular Life Sci. 78(3): 935-947.
https://doi.org/10.1007/s00018-020-
03545-4

Yezli S, Barbut F, & Otter JA (2014):
Surface contamination in operating
rooms: a risk for transmission of
pathogens. Surgical infections. 15(6):
694-699.

Yousef H, Alhajj M, & Sharma S
(2017): Anatomy, skin (integument),
epidermis.https://www.ncbi.nlm.nih.go
v/books/NBK470464/

JCBR Vol 2 Is 5 Sept-Oct 2022 489


https://www.ncbi.nlm.nih.gov/books/NBK470464/
https://www.ncbi.nlm.nih.gov/books/NBK470464/

