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VI. ABSTRACT

Background: Methicillin-resistant Staphylococcus aureus (MRSA) are multidrug-resistant
bacteria that are carried harmlessly by humans and also cause severe life-threatening
infections in community and healthcare settings worldwide. MRSA colonization of
hospitalized patients and healthcare workers (HCWSs) is a risk factor for transmission of
infection. Furthermore, inanimate objects, such as Mobile phones, hospital gowns, and
other fomites can serve as a reservoir for MRSA. Good knowledge, attitudes, and practices
(KAP) of HCWs towards MRSA sources, colonization, and transmission is a key strategy
for the control of MRSA. In Ethiopia, MRSA is a public health concern and observed rates
of MRSA infections are reported from different parts of the country but molecular based

data are very scarce or absent.

Objectives: This study aimed to determine the burden and associated factors for MRSA
colonization among HCWs, administrative staff, patients and selected inanimate objects at
Tikur Anbessa Specialized Hospital (TASH), Addis Ababa, Ethiopia.

Methods: A prospective and retrospective cross-sectional study was conducted between
June 2018 to September, 2019 that included 588 HCWs and 468 administrative staff. Nasal
swabs and swabs from their mobile phones were collected. Single swab from gown of each
HCW was sampled. Samples from inanimate objects from the hospital were also analysed
for MRSA. Perceived knowledge, attitudes, and practice (KAP) of HCWSs were assessed
using a pretested structured questionnaire. In addition, 170 S. aureus stored isolates were
included mainly for molecular testing. All swabs samples were cultured on Mannitol salt
agar and / or blood agar for growth and identification of S. aureus and MRSA were made
by standard biochemical tests and cefoxitin disc methods respectively. Antimicrobial
testing was performed according to CLSI breakpoints and isolates were further tested for
MecA , PVL detection, Spa and MLST typing and WGS. Data were analysed using SPSS
version 20.0 and statistical testing (Chi-square or Fisher’s exact test for categorical
variables) was used to assess the difference between MRSA colonization rate among
different groups, socio-demographic factors, and KAP level. P-value less than 0.05 was

taken Statistically significant
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Results: A total of 588 HCWs were included in this study and 58.4 % of them were female.
The mean age and standard deviation of HCWs were 29.13 + 6.66 years, The majority of
HCWs were nurses by profession accounting for 49.1 % (289/588) followed by Medical
doctors (28.4 % ) [167/588]. Among 468 administrative staff , 64.1 % of them were
females. The rate of S.aureus isolates were 16.32 % (96/588) and 8.97 % (42/468) for nasal
swabs and 6.46 % (38/588) and 3,85 % (18/468) for mobile phone contamination for HCWs
and administrative staff respectively . For HCWs group the rate of S. aureus isolation from
gowns was 7.48 % (44/588). Overall, 31 isolates (13.02 %) were sensitive to all antibiotics
tested. All isolates were sensitive to rifampicin. About 10 % of isolates including all MRSA
isolates were vancomycin sensitive using Van A and Van B genes detection methods.
Furthermore ,237 isolates were resistant to at least for one drug. Overall there was a
significant difference between drug resistance among MRSA and MSSA isolates (P-value
<0.05). The burden of MRSA nasal colonization among HCWSs and administrative staff was
found to be 4.8 % (28/580) and 0.2 % (1/468) respectively. Nurses were most colonized by
MRSA (22/28 total positive) P-value < 0.05). In this study, 2.72 % (16/588) and 1.3 %
(6/468) mobile phones of HCWSs and administrative staff were contaminated by MRSA
respectively which are more frequent for nurses and doctors. Importantly ,2.89 % (17/588)
of HCWs gowns were contaminated with MRSA and slightly higher among female HCWs
(p-value >0.05). The proportion of MRSA from stored isolate of mother-child pair and
diabetic patients was 0.24 % (2/846). While 21.73 % (20/92) stored isolates from clinical
samples were MRSA. Overall 53 % (178/336) of S.aureus isolates obtained from nasal,
clinical, mobile, and HCW’s gowns were PVL positive. A significant difference was also
seen between pvl status and source of S.aureus isolates ( P-value <0.05).Genotyping based
on spa typing has resulted in 131 spa types for 189 S. aureus isolates from various sources
of samples, Forty-two spa types (32.06 %) occurred in 2 or more frequencies, while 89 of
them (67.94 %) observed in singleton. The most frequent spa types in this study were t355
which were observed 23 times, followed by t223, 1085, t131, and t003. Spa type t701,
11828, t080, t2235, t2302 and t14805,t314, t380, t3841, t11375, t5338, t14350,t062,
t318 ,t693 and t937 were some of the spa types described in this study. Moreover, spa CC

15 and CC 22 are the most dominant clones observed. MLST Sequence data were available
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for 52 representative S.aureus isolates and 31 sequence types (ST) were generated. ST 152
is the most dominant ST accounting 20.3 % (11/ 54) followed by ST 4666, ST 5, and ST
744 each accounted 5.55 % (3/54 for each STs) . ST 80, ST88. ST97 and other STs were
also found. Twenty-four STs are clustered in 5 MLST CCs and CC5, CC8, and CC15 were
the very common clones both for MRSA and MSSA groups. Many spa types are reported
for the first time in Ethiopia. Moreover, 18 S.aureus were characterized by whole genome
sequencing (WGS),and based on the 16 SrRNA sequences, phylogenetic tree were
constructed along with known sequences from the NCBI database. It seems our isolates
were diverse and mostly poorly separated. Based on the average nucleotide identity and
many of our S.aureus isolates from the nasal, gown, mobile phone, and clinical sources
showed high similarity with S.aureus strains identified from various clinical and non-
clinical isolates. In this study, the overall knowledge of HCWs about MRSA prevention and
control was 85.5 % .The majority of HCWs in TASH had a positive attitude towards the
importance of system-wide approach to prevent MRSA in the hospital (95.2 %, 542/ 582).
While 54.68 % of HCWSs had a positive attitude and 68.4 % of them had good practice
about MRSA prevention and control measures at TASH.

Conclusion: MRSA nasal colonization and mobile phone contamination of HCWs in
TASH was higher than administrative staff. The presence of MRSA from gowns of HCWSs
is a cause for concern. MRSA was also seen from stored isolates of nasal source of patients
and clinical isolates based on Mec A detection. The high rate of pvl among all S. aureus
isolates is worrisome. There is diverse spa and MLST types among S.aureus isolates, t355
and ST 152 were common ST and spa type respectively. Although, HCWs in TASH had
high level of knowledge about MRSA control and prevention, their attitude and practice
score is inadequate. Hence, it is important to implement a system for continuous
surveillance of MRSA in TASH using phenotypic and genotypic methods to take
preventive measures and track changes of intervention. Moreover, concerted efforts are
needed among HCWs, management body and policymakers to avail and regulate personal

protective equipments (PPES) in a sustained manner.
Key Words: S.aureus , MRSA, TASH, MLST, WGS, Spa typing, HCWs
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CHAPTER ONE: INTRODUCTION

1.1. Background

Staphylococcus aureus (S.aureus) is a gram-positive, non-motile, pus-producing
coccus with a microscopic appearance of 0.5- to 1.5-um balls that are clumped
together, similar to grapes but could be found in single-cell, pair, short-chain forms.
There are more than 35 species of Staphylococcus and 17 subspecies. S. aureus has
also more than 200 strains. It possesses several virulence factors combined with its

increasing antibiotic resistance (Green et al., 2012; Bannerman et al., 2003).

S.aureus is , non-spore-forming, usually catalase-positive, typically unencapsulated or
with limited capsule formation. It is a facultative anaerobe and grows best at 37°C.
The genome size of Staphylococcus is in the range of 2000-3000 kb (Bannerman et al.,
2003).

S. aureus is a major human pathogen that causes a wide range of clinical infections. It
is a leading cause of bacteraemia and infective endocarditis as well as osteoarticular,
skin and soft tissue, pleuropulmonary, and device-related infections. For the past 20
years, an increment in health care-associated infection due to S. aureus and
community-associated epidemics were seen worldwide. The bacteria are both a
commensal and a human pathogen. Approximately 30% of the human population is
colonized with S. aureus. Concomitantly, it is a leading cause of bacteraemia and a
range of systemic and superficial infections both at the hospital and community level
(Tong et al., 2015).

Methicillin-resistant S. aureus (MRSA) is S. aureus that is resistant to many
antibiotics including penicillin and cephalosporin. MRSA is significantly associated
with health care-associated infection more than community-acquired one (CDC,
2014). The proportion of S. aureus infections due to MRSA is increasing and S.
aureus infections are also increasingly being acquired in the community. In addition,
there is growing evidence that patients with MRSA bacteraemia have a worse outcome
than patients with infections due to methicillin-susceptible S. aureus (MSSA) (Garau
et al., 2009).

MRSA can colonize or infect adults and children and being colonized by MRSA is a
known risk factor for the development of systemic and superficial MRSA infection
(Calfee et al., 2016).

Several immunomodulatory proteins like staphylococcal protein A (SpA) could play a
role during S. aureus colonization. The persistence potential of S. aureus colonization
may be due to the ability of these strains to express greater amounts of
immunomodulatory proteins which were observed in human and animal models
(Mulcahy et al., 2016; Lacey et al., 2016).




Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 2

Beta- lactam antibiotics have been a mainstay of clinical therapeutics for methicillin-
susceptible S. aureus (MSSA) infections. Since most S. aureus bacteraemia is caused
by MSSA, the anti-staphylococcal B-lactams remain a key element of therapeutic
strategies for such infections. From clinical trial studies, B-lactams are found to be
superior over vancomycin for the treatment of MSSA bacteraemia infections,
including endocarditis. The American Heart Association has consistently
recommended it as the treatment of choice for MSSA endocarditis. However, large,
randomized controlled clinical trials are required to introduce it for day-to-day patient
management purposes (Garau et al., 2009; Bayer et al., 2017, Zaghloul et al., 2016).
Panton Valentine Leukocidin (PVL) is a virulence factor of S. aureus that was first
associated with Skin and Soft Tissue Infections (SSTIs) in 1932 by Panton and
Valentine (Melles et al., 2006). Experimental and clinical evidence shows that PVL-
producing strains are associated with severe, necrotizing skin infections and
pneumonia. Another pore-forming leukocyte toxin, a-toxin does not lyse neutrophils
but instead lyses other immune cells such as macrophages and lymphocytes.
Chromosomal genetic elements are linked with the acquisition of the mecA gene,
located within the large chromosomal element known as the SCCmec. Likewise,
Arginine catabolic mobile element (ACME ) is a large mobile genetic element (MGE)
that may play an important role in the growth, transmission, and pathogenesis of CA-
MRSA. S. aureus are capable of producing superantigens that cause serious illnesses,
including toxic shock syndrome and necrotizing pneumonia. The ability of MRSA to
form biofilms is an important virulence mechanism that complicates infections,
especially those involving foreign materials like catheters and prosthetic joints
(Laceyet al., 2016, Chessa et al., 2016, Watkins et al., 2012, Kong et al., 2016 10-12).
MRSA is primarily mediated by the over-production of penicillin-binding protein 2a
(PBP2a) with a low affinity for B-lactam antibiotics. The mecA gene is part of a 21 kb
to 60 kb staphylococcal chromosome cassette mec (SCCmec), a mobile genetic
element that may also contain genetic structures as Tn554, pUB110, and pT181 which
encode resistance to non-B-lactam antibiotics. The mecA gene which encodes PBP2a
is considered a useful molecular marker of putative methicillin resistance in S. aureus.
S. aureus strains tend to accumulate additional resistance determinants, resulting in the
formation of multiple-antibiotic resistant MRSA strains, which are creating
therapeutic problems and limiting the choice of therapeutic options (Zaghloul et al.,
2016).
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Accurate and rapid identification and detection of MRSA is vital for effective
antimicrobial chemotherapy and infection control practice. Conventional culture
methods are the most available methods despite it’s long turnaround time. Methods
with a short turnaround time for the identification of MRSA have been available in
different settings and costs. Moreover, the sensitivity, specificity, positive and
negative predictive value of a test is critical to choose and adopt for MRSA testing.
Polymerase chain reaction, (PCR) based tests, penicillin-binding protein 2a (PBP2a)
antibody agglutination tests, Chromagar base detection, GeneXpert assays, and other
methods which are under evaluation could be used for detection of MRSA
(Wassenberg et al., 2010; Ghanwate et al., 2016, French et al., 2009).

Hospitalized patients can be colonized not only with MRSA but can also harbour
other drug-resistant bacteria such as extended-spectrum beta-lactamase producing
bacteria (ESBL) and Vancomycin-Resistant Enterocoous (VRE) (Young et al., 2014;
Davis et al., 2004).

The burden of multidrug-resistant bacteria including MRSA is well described in many
European and American long-term care facilities and nursing homes. Molecular
characterization showed that the isolates were clonally related and that previous use of
antimicrobials and hospital admission were also risk factors for colonization
(ECDC,2012, Ludden, et al., 2015; Baldwin et al., 2009, Brugnaro et al., 2009; Denis
et al., 2009).

The incidence and epidemiology of MRSA colonization or infection are changing in
many hospital settings. In Hospitals of Canada from 1995 to 2007, a total of 37,169
hospitalized patients were newly identified as either infected or colonized with
MRSA, and the overall incidence of MRSA colonization and infection increased from
0.65 to 11.04 cases per 10,000 patient days. In Canada, the proportion of community-
associated MRSA strains increased from 6 % to 23 % and CMRSA-2 (USA 100/800
sequence type) was the dominant genotype resulting in a 17-fold increment from
baseline (Simor et al., 2010).

Similarly, the annual number of MRSA notifications to the National Infectious
Disease Register (NIDR) of Finland rose over ten-fold, from 120 in 1997 to 1458 in
2004, and the proportion of MRSA among S. aureus blood isolates tripled, from <1 %

during 1997-2003 to 2.8 % in 2004. During the same period, 253 different strains
3
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among 4091 MRSA isolates were identified by Pulse Field Gel Electrophoresis
(PFGE), PFGE: 215 were sporadic and 38 outbreak/epidemic strains, including 24
new strains. Half of the ten most common strains carried SCCmeclV or V (Ibrahem et
al., 2007).

Health care workers (HCW) who are colonized with MRSA can transmit the bacteria
to patients and the community at large during caring for patients. The burden of
MRSA among different HCWs has been described in many countries around the globe
(Drago et al., 2015; Maheshwari et al., 2015; Shibabaw et al., 2013; Knahal et al.,
2015;Verwer et al., 2011; Amorim et al., 2009; Mathanraj et al., 2009; Askarian et
al., 2009; Isibor et al., 2014, Sah et al., 2013). MRSA pharyngeal prevalence was
11.8 % in patients and 7.6 % of HCWs in Serbian University Hospital, where, CC5-
MRSA-SCCmec | was the dominant clone among patients and HCWs in the
emergency and medical department, while high genetic diversity of CA-MRSA was
shown in surgical department especially among HCWs (Cirkovic et al., 2015).
HCWs Hands, instruments, mobile phones, or other inanimate hospital objects used
by HCWSs may serve as reservoirs for microorganism and MDR bacteria that could be
transmitted to patients as health care-associated infection (Brady et al., 2006; Brady et
al., 2010; Sing et al., 2010).

Mobile phones are almost handled by everyone and the frequent contact of HCWs
with cell phones predisposes them to colonization with MRSA and other MDR
microbes. MRSA has been isolated from the cell phone of HCWs and patients and
reports are available from different researchers (Rana et al., 2013; Singh et al., 2012;
Elkholy et al., 2010,).

The knowledge, attitude, and experience of HCWs towards MRSA and other multi
drug-resistant (MDR) bacteria sources and infection control is one of the limiting
factors in efforts to reduce the burden of health care-associated infections (HAI)
linked with these microorganisms. This could also vary among different HCWs in
different health care facilities (Tambe et al., 2012; Moura et al.,2007 ).

Studies have shown that compliance with precautions among nurses to avoid
exposure to microorganisms is low due to lack of knowledge, time constraint, the
negative influence of the equipment on nursing practice, the conflict between the need

to provide care and self-protection (Aftab et al.,2015). On the other hand, wearing
4
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gloves and gowns for all patient's contacts in ICU reduced the acquisition of life-
threatening diseases caused by MRSA or vancomycin-resistant Enterococcus (VRE)

compared with traditional care (Efstathiou et al.,2011).

1.2. Statement of problem

MRSA Infection could arise endogenously from the normal flora of the individuals
since patients and HCWs could carry the microbes in the nasal cavity, nasopharyngeal
tract, skin, perineum, and rectum. This is an exposure risk for both patients and
HCWs.

Many studies showed that prior colonization of patients and HCWs with MRSA are
risk factors for different types of clinical infection in Hospital settings (Davis et al.,
2004, Harris et al., 2013). Notably, HCWs are mediators for reserving MRSA in the
hospital, which could serve as MRSA sources for hospitalized patients both at the
inpatient and outpatient departments. Moreover, colonized HCWSs could transmit
MRSA to their close families, colleagues, and the community at large when they go
out of their working places.

Screening and decolonization of high-risk group patients such as hospitalized
patients, patients undergoing surgery or haemodialysis procedures, cancer patients,
neonates especially those who are underweight and patients in ICU, is a common
practice in many developed countries to minimize the consequence of MRSA
associated infection (Antonia et al., 2013;Rao et al., 2008).

Screening of HCWs on regular basis is also practiced in Europe and the USA to
follow the status of MRSA in a particular hospital and to take action that prevents
MRSA transmission from HCWs to admitted patients. Patients may have the right not
to be cared for by colonized and infected HCWs (Verwer et al., 2011; Dulon et al.,
2013).

HCWs' hands could also carry MRSA and other microbes which can be transmitted to
admitted patients following poor hand hygiene practice. Moreover, various inanimate
objects such as cell phone of HCWs, their gowns, shoes, stetescopes, blood pressure

apparatus, and many others could harbour MRSA and possibly other microbes which
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serve as a source of colonization and or infection of HCWs themselves or be
transmitted to patients (Coello et al., 1994, Boyce et al., 1997; Bearmanet al., 2014).
The knowledge of HCWs, their attitudes, and practice related to MRSA colonization,
source of MRSA, and intervention measures to minimize transmission and carriage is
crucial. It is well stated that instituting intervention measures like “MRSA bundles”
significantly reduce MRSA burden in different hospitals across the world (Anitha et
al., 2015; Nantasit et al.,2015). However, there are no systematic intervention
strategies in Tikur Anbesa Specialized Hospital (TASH) and most health care facilities
in Ethiopia.

1.3. Rationale of the study and Justification

MRSA infection is commonly found in Ethiopian patients with varying degrees
among inpatients, outpatients, and also a few at the community level (Tigabu et al.,
2018 , Tsige et al., 2020, Mulu et al., 2006, Mullu et al., 2012, Gebremedhin et al.,
2016, Efa et al., 2019, Balta et al., 2003 ). To our knowledge, in Ethiopia ,informtions
are very scarce on MRSA colonization studies from the HCWs groups , patient,
inanimate objects such as mobile phones and gowns of HCWs from the molecular

methods perspectives .

Few descriptive studies address MRSA colonization among HCWs in the Ethiopian
context. The rate of nasal carriage of MRSA from HCWs in Dessie Referral Hospital
was 12.7 % (Shibabaw et al., 2013). However, a study from Dessie Referral Hospital
and many other studies on S. aureus included simple coagulase and catalase tests to
identify S.aureus and have used oxacillin /cefoxitin/methicillin as surrogate markers
for MRSA. The use of few biochemical tests for identifying organisms and the use of
a single antibiotic for identifying MRSA may have an implication that may result in

underestimating or overestimating the real burden of MRSA.

Similarly, few studies addressed the isolation of MRSA from inanimate objects like
gowns, stetescope, and other objects. Recently, MDR colonization of operating room
air and inanimate objects from the operating rooms of public hospitals in Addis
Ababa, Ethiopia showed that S. aureus is the second most common isolates from
inanimate objects and air samples of operating rooms next to Coagulase-negative
Staphylococcus( CONS), accounting for more than 16 % of overall bacterial isolates.

Out of 33 S. aureus isolates, 6 (18.2 %) were MRSA (Kebede et al., 2014). One study
6
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in Felege Hiwot Referral Hospital, northwest Ethiopia Bahirdar also depicted that

health care workers fomites harbours different microbes ( Ayalew et al., 2019).

In Ethiopia, there is limited information about colonization of patients, HCWs,
personal used items like cell phones, gowns, and other inanimate objects with MRSA
including the knowledge, attitudes, and practice of HCW towards MRSA colonization
and preventive measures in particular. Hence with the growing challenge of
antimicrobial-resistant microorganisms infecting hospitalized patients and the need to
come up with recommendations for prevention and control activities, it is very
important to have a comprehensive research undertaking that uses universally
acceptable microbiology methods to confirm the existence of these microbes in the
study site and also address the different potential source of MRSA in the Hospital
environment.

Therefore, we formulated the following research questions:

What is the real burden of MRSA colonization in patients at TASH?

What is the real burden of MRSA colonization in HCWSs in TASH?

How many of the cell phones of HCWS , gown, and other inanimate bodies harbour
MRSA at TASH?

Is there a genetic linkage of MRSA isolates from nasal swabs of patients, HCWs, cell
phones, gowns, and other inanimate objects in TASH?

Is MRSA colonization associated with different risk factors including knowledge,
perception, and practice level of HCWSs?

Are HCWs colonized more with MRSA than non HCWs / control groups in TASH?

The emergence and dynamics of microbial resistance genes in S. aureus circulating
between HCWs, patients, and inanimate objects including cell phones and gowns are
not known in the Ethiopian context and this may likely confer survival advantages and
further disseminate genes through plasmids and transposons in the hospital and the
community.

Addressing the above questions will help hospitals, HCWSs, and policymakers to
design and implement relevant policy and intervention strategies to minimize the

burden of MRSA in hospitalized patients and the community at large.
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1.4. Literature Review

1.4.1.0ver view of S. aureus

Among the gram-positive cocci, the genus Staphylococcus consists of gram-positive,
spherical cocci of about 1 um in diameter and morphologically it appeared as in pairs,
short-chain, tetrad, sarcina, or a bunch of grapes that occurred due to having a
different plane of division. This genus is non-motile, non-spore-forming cocci,
catalase-positive, and facultative anaerobes.More than 50 species and subspecies of
Staphylococcus are currently present and S.aureus is one of the major human and
animal pathogens that can cause both superficial and systemic infection (Green et al.,
2012; Plata et al., 2009; Hennekinneet al., 2012).

Being a commensal, S.aureus is a leading cause of a range of infections including
endocarditis, bacteraemia, osteomyelitis skin, and soft tissue infections. More
importantly upon exposure to antibiotics the organisms become the major etiologies
for hospital-acquired or healthcare-associated infection ( Turne et al., 2019). S. aureus

is one of the successful microbes in causing mild and severe infection as it produces

diverse types of virulence factors including toxins, immune-modulatory factors, and
exoenzymes,hemolysin, leukocidins, proteases, enterotoxins, exfoliative toxins are the

few among the big lists (Oogai et al., 2011).

It has been said that MRSA colonization could increase infection and the strains that
cause infection and the one isolated from the colonization site are matched well
indicating the ability of the bacteria to cause endogenous infection. Moreover,S.aureus
found in our skin and any materials in contact with skin could be contaminated
including our clothes, laboratory coats, pens, ties, mobile phones which could serve as

a source of infection or contamination. ( Turne et al., 2019).

S.aureus mecA gene is responsible for resistance to the drug penicillin including
methicillin which is located on a mobile staphylococcal cassette chromosome mec
(SCCmec) elements and encodes an altered Penicillin Binding Protein (PBP2a), which
have a low affinity for all p-lactam antibiotics even in the same SCCmec type (Turne
etal., 2019).
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In Ethiopia S.aureus and MRSA have been major public health threats that can cause

different types of infection and both community-acquired and hospital-acquired
infections have been reported. In addition, there is some evidence of MRSA
colonization among HCWs, school children, and janitors. More importantly, recent
meta-analysis data also indicated that MRSA strains have been reported from
different parts of Ethiopia underscoring these bacteria become a public health treats
(Shibabaw et al., 2013,Atsebaha et al., 2018, Gebreyesus et al., 2013;Azene and
Beyene, 2011; Mulu et al., 2006, Dessalegn et al., 2014; Melaku et al., 2012; Mama
et al., 2014; Getahun et al., 2008; Haftu et al., 2012,Negussie et al., 2015 ;Dilnessa et
al., 2016; Kahsay et al., 2018; Zenebe et al., 2018; Weldeselassie et al., 2021).

Most of the data regarding S.aureus so far are mainly done with conventional
microbiologic methods except very few of them (Zenebe et al., 2018) that use mecA
and pvl genes; others uses mec A, mec C and or SCCmec typing either from human
and or diary sources of S.aureus isolates (Abrha 2019;Woldeselassie et al., 2021)
which may result in under or overestimation of MRSA both in terms of colonization

and in the actual clinical infections which underscore the need for more research.

1.4.2. MRSA Colonization of patients and HCWs

A point prevalence of MRSA from 177 adult patients hospitalized in an intensive
care unit (ICU) (94 in medical ICUs and 83 in surgical ICUs) of a tertiary care
hospital in Taiwan resulted in an overall prevalence of 42 % and 32 % for S. aureus
and MRSA nasal carriage respectively. MRSA carriage rate of the patients
hospitalized in medical ICUs was significantly higher than surgical ICUs patients (47
% vs 16 %, P < 0.001). Pneumonia, chronic obstructive pulmonary disease, current
MRSA infection, and medical ICU admission were independent predictors for nasal
carriage of MRSA. Of the 38 MRSA isolates available for molecular analysis, a total
of six pulsed-field gel electrophoresis (PFGE) patterns with two major patterns F,42
%; A, 37 % were identified. Both healthcare-associated MRSA (HA-MRSA) and
community-associated MRSA (C-MRSA) were identified from study subjects (Chen
et al., 2010).

Prevalence and molecular epidemiology MRSA from a 900-bed tertiary governmental
healthcare facility in Bangkok, Thailand showed that 57 of 619 in-patients (9.2%)
were positive for MRSA. Being male, long admission, low modified McCabe score,

history of MRSA infection, and use of broad-spectrum cephalosporin were the risk
9
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factors associated with MRSA carriage. Molecular typing results indicated close
relatedness among MRSA isolates and successful epidemic subtypes recovered from
many different wards. While those subtypes with different multi-locus sequence types
(MLST) were single-locus variants (SLVs) of ST239. The sole ST239 and its SLVs
identified in this hospital are striking and a better policy for infection control and
prevention was proposed (Jariyasethpong et al., 2010).

MRSA carriage rates and genetic relationships of S. aureus strains in children
attending daycare centers (DCC) in 14 cities from three geographic regions in Mexico
were conducted and 237 children (10.1%) were colonized with S. aureus and the
burden of MRSA carriage was 9.3 % ( 22/ 237) . Children attending DCCs from cities
located in the north and south of Mexico showed a higher prevalence than children
from DCCs in the central region. PFGE demonstrated six different restriction profiles
of MRSA with a predominant pattern of clone A and B which are closely related
representing 45% of the total MRSA isolates. SCCmec type Il and type IV strains

were common in the regions (Velazquez-Guadarrama et al., 2009).

The Canadian nosocomial infection Surveillance Program comprised of 48 hospitals
from 1995 to 2007, a total of 37,169 hospitalized patients were newly identified as
either infected or colonized with MRSA, and the overall incidence of both MRSA
colonization and MRSA infection increased from 0.65 to 11.04 cases per 10,000
patient-days and 11,828 (32 %) had an MRSA infection which increased from 0.36 to
3.43 cases per 10,000 patient-days. The proportion of community-associated MRSA
strains increased from 6 % to 23 %. The most common genotype (47 % of isolates)
was CMRSA-2 (USA100/800) followed by CMRSA-10 (USA300) accounting 27 %
of isolates which was associated with SCCmec type IV. This finding underscores
continuous surveillance to monitor the ongoing evolution of MRSA colonization or

infection in Canada and globally (Simor et al., 2010).

In Finland from1997 to 2004, about 253 different strains among 4091 MRSA isolates
were identified by PFGE: 215 were sporadic and 38 outbreak/epidemic strains,
including 24 new strains. Two epidemic strains resembling internationally recognized
MRSA clones accounted for most of the increment: FIN-16 (ST125: IA) from <1 %

10
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in 1997 to 25 % in 2004, and FIN-21 (ST228: 1) from 6 % in 2002 to 28 % in 2004.
Half of the ten most common strains were SCCmeclV or V type (Salha et al., 2007).

Nasal and Hand Carriage of Multi-Drug Resistant Organisms in a Teaching Hospital
in Rural Haryana, India showed that out of 70 HCWs , 13 (18.6%) carried S. aureus,
8.6 % ( 6/ 70) were MRSA, and 15 (21.4%) colonized by ESBL producing Gram-
negative bacteria. Considering HCWSs categories, Nurses and OT technicians were
more colonized by MRSA and ESBL compared to doctors and laboratory technicians,
indicating variation in MDR colonization and professional categories even in a health
care facility (Maheshwari et al., 2014).

MRSA carriage in 52 HCWs (11 orthopedics doctors and 41 nurses) of spinal
surgeries in an Italian Orthopaedic Institute showed a prevalence of S. aureus and
CONS , 42.3% and 98 %, respectively with MRSA rate of 13.5 % (Drago et
al.,2015).

MRSA carriage and drug-resistant pattern among 204 HCW at Universal College of
Medical Sciences and Teaching Hospital, Nepal, revealed, 32 (15.7 %) HCWs were

colonized by S. aureus and among them 7 (21.9 %) were MRSA carriers. The overall

nasal carriage rate of MRSA was 3.4 % (7/204). The highest MRSA nasal carriage
rate of 7.8 % (4/51) was found among nurses. HCWs of both surgical wards and
operating rooms accounted for 28.6 % (2/7) of MRSA carriers each. Among MRSA
isolates inducible clindamycin resistance was observed in 66.7 % (2/3) of

erythromycin-resistant isolates (Kanahal R et al., 2015).

In a period prevalence study of 1,542 HCWs in Western Australian acute care
hospitals, 3.4 % (n = 52) were colonized by MRSA. Colonization was more common
inpatient care assistants (6.8%) and nurses (5.2%) than in allied health professionals
(1.7 %) and doctors (0.7 %). Working in "high-risk" wards that cared for MRSA
colonized / infected patients was the strongest risk factor. Interestingly, community
clones, ST1-1V and ST78-1V were frequently colonizing HCWs, capitalizing the need
for continuous surveillance of MRSA from HCWs (Verwer et al., 2011).

11
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MRSA colonization study from patients and HCWs in a Portuguese hospital Geral de
Santo Antonio (HGSA), revealed that, the prevalence of MRSA carriage among 276
patients screened was 5.1% while it was 4.8 % out of 126 HCWs, with an incidence
rate of 61/ 1000 person years. Admission to HGSA or attendance to the Diabetic Foot
Outpatient Unit (DFOU) of HGSA within the past 12 months, and previous MRSA
isolation were significant risk factors for MRSA carriage for patients. Surprisingly, a
clonal identity was found for isolates from patients and HCWs with 88.6 % of isolates
belonging to the EMRSA-15 (ST22-MRSA-1V) clone (Castro et al., 2009).

Screening of 200 patients and HCWs from a tertiary hospital in South India showed
an overall MRSA carriage rate of 8.5%, with the highest rate in patients (15.6 %)
while the lowest was seen in HCWs (1.8%). The commonest site of colonization was

the anterior nares (Mathanraj et al., 2009).

Ten EMRSA-15 outbreaks were compared with seven Aus 2/3EMRSA outbreaks in
Royal Perth Hospital of Australia and the number of patients colonized was similar
between the two groups. While the number of HCWs colonized was significantly
higher in EMRSA-15 outbreaks compared to Aus2/3-EMRSA outbreaks. The
percentage of HCWs colonized was also higher in EMRSA-15 outbreaks versus
Aus2/3-EMRSA outbreaks (median 3.4 % and 0.81%) respectively (Hart et al., 2014 ).

The prevalence of MRSA from nasal and pharyngeal samples of HCWs and patients
from a major referral center in Serbian University hospital showed that 7.6 % of the
105 HCWs and 11.8 % of the 195 patients were colonized by MRSA. Being admitted
and or working in the emergency department independently associated with an
increased risk of MRSA colonization. Surprisingly, CC5-MRSA-SCCmec | was the
dominant clone among patients and HCWSs in the emergency and medical department
while CA-MRSA was shown in the surgical department especially among HCWs
(Cirkovic etal.,2015).

The nasal carriage rates of multidrug-resistant (MDR) S. aureus in food vendors and
hospital workers in Ekpoma, Nigeria showed that 32 % (32/ 100) of hospital personnel
had S. aureus with 18 (36 %) and 14 (28 %) of the isolates recovered from hospital
workers and food vendors, respectively. About 59.3 % and 50.0 % of S. aureus were

12



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 13

resistant to Ofloxacin and Oxacillin respectively. Out of 17 (53 %) MDR S. aureus ,
only 4 (23.5%) remained MDR after curing with 0.1 mg/ml acridine orange solution
(Isibor etal., 2014).

The prevalence of nasal carriage of MRSA among 600 randomly selected HCWs at
Namazi Hospital, Shiraz, Iran , showed that 5.3 % of them were MRSA carriers
dominating HCWs from surgical wards and the emergency department. The highest
resistance rate for both gentamicin and clindamycin (69 %) was noted among the
MRSA strains. None of the MRSA strains were resistant to mupirocin, linezolid,
fusidic acid, or vancomycin. The existence of the mecA gene in all 32 methicillin-

resistant isolates was observed by PCR (Askarian et al., 2009).

A nasal carriage study from 54 HCWs of National Medical College & Teaching
Hospital of Nepal showed S.aureus carriage rate of 20.37%. All nasal S. aureus
isolates were sensitive to Amikacin and Vancomycin. Methicillin resistance rate was
45.5 % which is equivalent to MRSA (Sah et al.,2013).

MRSA data from Ethiopia is very scarce and the most available literature from an
online source is from Dessie Referral Hospital, Ethiopia. The rate of nasal carriage of
MRSA from HCWs was 12.7 % (Shibabaw et al., 2013). However, the sample size is
too small, only 118 HCWs, and comprises few groups of HCWSs. Moreover, they used
a single drug ( oxacillin disc) for characterizing MRSA (Shibabw et al., 2013).

Another cross-sectional study was carried out to determine nasal and hand carriage of
MRSA among 177 HCWs of Mekele Hospital, Ethiopia. Among the study
participants, 20.3 % (36/177) them had MRSA on their hands and anterior nares. The
majority of MRSA was detected in females,25(14.1%). MRSA carriage was
significantly higher in nasal swabs than hand swabs (25, 14.1 % vs 11, 6.2 %; p < 0.05
respectively). Nurses and medical doctors had MRSA colonization rates of 13. 6 %
(26/ 177) and 2.3 % (4/177) respectively. MRSA isolates resistant to ampicillin
88.9 % and tetracycline, 86.1%. In this study 2 (5.6 %) isolates from nasal swabs were
vancomyecin-resistant (Gebreysus et al., 2013). Similar to a study conducted in Dessie
Referral Hospital, which applied oxacillin disc as a surrogate marker for MRSA and

the sample size is small. Moreover, they have reported Vancomycin resistance in 2
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isolates where, the test was done using a disc diffusion test which may not reflect the

actual vancomycin status (Gebreysus et al., 2013).

1.4.3. MRSA burden in Mobile phones, gowns, and other inanimate objects

Microbial contamination of mobile phones from patients and HCWs at Alexandria
University Students ‘Hospital showed that all 40 mobile phones were contaminated
with single or multiple pathogens. MRSA and CONS were dominantly found as 53 %
and 50 % respectively. The mean bacterial count was 357 CFU/ ml, while the median
was 13 CFU/ ml using the pour plate method. Using surface spread methods, the mean
and median count were 2,192 and 1,720 organisms/phone respectively (Selim et al.,
2015). Many studies showed inanimate objects such as mobile phones of HCWs, their
gowns, shoes, stethoscopes; blood pressure apparatus harbour MRSA and other MDR
bacteria (Coello etal., 1994,; Boyce et al., 1997; Bearman et al., 2014).

1.4.4. Molecular typing of S.aureus

Different molecular typing methods of S. aureus are available and among these,
phage typing. PFGE , spa typing, MLST typing and WGS are among the most
commonly used methods. Molecular typing of S.aureus isolates gives us additional
evidence in the transmission and distribution of specific clones of S.aureus population
that will be useful for planning intervention (McDougal et al., 2003; Asadollahi et al,,
2018). Spa typing and MLST typing are becoming very common in many parts of the
world. The global distribution of spa types of S. aureus is illustrated in figure 1.1

below and the diversity of S.aureus across countries (Asadollahi et al,, 2018).

As depicted in the figure, there is scarcity of data on the spa types among Ethiopian
isolates, although the figure is not very recent. Abrha ( Abrha 2019) analysed the spa
types of S aureus isolates from clinical, milk, and nasal isolates very recently.
Moreover, one spa related publication is also available from animal studies
( Mekonnen et al 2018 ).
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Figure 1.1.The most prevalent spa types across the world. taken from (Asadollahi
et al,, 2018)

The Spa typing method involves sequencing of the polymorphic X region or the short
sequence repeat region of the protein A gene of S. aureus .Likewise, MLST based
genotyping is another alternative molecular typing that works based on seven
housekeeping genes (Asadollahi et al,, 2018). There are little data from African
countries both for MSSA and MRSA isolates of clinical samples. The figure below
also shows that many African countries do not have MLST ST for MSSA including
Ethiopia.
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FIG. 1.2. . Distribution of methicillin sensitive S. aureus (MSSA) clones in Africa.
The three major MSSA multilocus sequence types (STs) of each study were identified.
Of these, the six most widely distributed clones in Africa are shown. Sporadic clones
are indicated by letters. STs from Uganda and Tunisia were derived from spa types
(taken from Schaumburg F° et al., 2014).

As shown in Figure 1.3, the same is true for MLST STs of MRSA data which is

scarce in many African nations ( Figure 1.3).
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Fig . 1.3. Distribution of methicillin resistant S.aureus (MRSA) clones in Africa. The three
major MRSA multilocus sequence types (STs) of each study were identified. Of these, the five
most widely distributed clones in Africa are shown. Sporadic clones are indicated by letters.
STs from Uganda were derived from spa types ( taken from Schaumburg F° et al., 2014).
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1.4.5. KAP of HCWs towards Multidrug resistance bacteria including MRSA
The hand hygiene status of 50 HCWs was assessed by Anitha and collegues using
microbiological culture of swabs from HCW's hands before and after alcohol hand
rub. At base line 56 % of the HCWs carried Micrococci, 12 % carried MRSA, 8 %
ESBL producing gram-negative bacteria, 8 % S. epidermidis and 2% Enterococcus
faecalis, which become zero growth after applying alcohol-based hand rub indicating
HCWs hand could be colonized with deadly pathogens and proper hand hygiene
techniques could minimize transmission of the pathogens to patients and the
community at large (Anitha et al., 2015).

Among 42 nursing staff from the medical clinical unit, the nursing staff had
unsatisfactory knowledge of the causes of Multidrug-resistant bacteria, chain of
transmission of infection, susceptibility to the colonization of multi-resistant bacteria.
Lack of knowledge of nursing staff compromised adherence to preventive measures
(Tambe et al., 2012).

Knowledge, attitude, and practices of 343 HCWs regarding the transmission of
pathogens via fomites at a tertiary care Hospital in Karachi, Pakistan indicated that
laboratory coats, stethoscopes, and bedside curtains were most frequently identified as
fomites by the participants. Medical students had significantly lower mean scores in
the knowledge and attitude sections than consultant physicians, resident physicians,
and nurses. Nurses were by far better than consultant physicians, resident physicians,
and medical students regarding practice-related matters. Almost 95 % of the
participants scored above 50 % on the knowledge component of the questionnaire, but
only 32.3% scored above 50 % in the practices section indicating a significant gap in
the practice of HCWs (Aftab et al., 2015 ).

A recent systematic review and network meta-analysis showed that the WHO
campaign is effective at increasing compliance with hand hygiene in HCWs with
additional intervention measures like goal setting, reward incentive, and accountability

with adequate resources (Luangasanatip et al., 2015).

A cross-sectional evaluation of HCWs KAP about hand-hygiene and Tuberculosis
infection control was conducted on 261 HCWs in two university hospitals of Addis

Ababa Ethiopia. Based on their findings, hand hygiene knowledge was fair among
17
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HCWs. Self-reported practice for hand hygiene was suboptimal. Different barriers for
performing hand hygiene were lack of hand hygiene agents, (77 %), sinks (30%),
proper training (50 %), and irritation and dryness caused by sanitizers (67 %).
However, the study does not address the issues of MRSA colonization and prevention

measures (Tenna et al., 2013).

The effectiveness of the WHO multimodal hand hygiene program was evaluated in a
hospital in Addis Ababa Ethiopia and a significant increment in hand hygiene
adherence was noted after implementing the campaign. However, the study is not
directly related to MRSA carriage of HCWs, hand hygiene practice, and related

intervention measures (Schmitx et al., 2014).

Most studies reviewed above are more fragmented and the actual relationship
between MRSA from HCWs, patients, and inanimate objects is not correlated well.
The relation between MRSA burden using phenotypic and molecular approaches
along with different factors is depicted in the conceptual frame work mentioned in
figure 1.4 below and this study will try to fill this important interaction that will
contribute to MRSA control program both at the health care facilities and in the

community.
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1.5. Significances of the study

In this study, we have generated comprehensive data on the burden of MRSA
colonization of patients, HCW, inanimate objects, and associated factors that are
potential sources of infections with multidrug resistance microorganisms of
hospitalized patients. The data generated from this study could form the ground for
recommendations to Hospital-acquired infection control and prevention measures at

the study site.

Thestudy also addresses the burden of MRSA from patients, HCWs, and inanimate
objects like cell phones, gowns, and other inanimate items in ICU/ Wards. The true
burden of MRSA is known along with the molecular characteristics of the agents, as
HCWs could be colonized with HA- MRSA and or C-MRSA that will enable us to
design appropriate strategies both at the health care facilities and in the community.

Moreover, various factors including gaps in the KAP of HCW about MRSA control
and prevention measures were identified that is a foundation for future planning and
designing of intervention measures in TASH and possibly to other hospitals in the

country with similar set ups.

Above all, HCWs will be equipped with current information about MRSA, sources,
colonization status, and appropriate intervention procedures which will help them to
take precautions during their routine patient care and minimize transmission of MRSA
and other MDR bacteria to patients, themselves, and to the community at large as
HCWs could act as reservoirs and sources of infection between hospitalized patients

and the community.

This research work can be used as baseline data for future researchers who will work
on MRSA colonization study, for surveillance purposes as in case of outbreaks
situation and to know the source of MRSA and other multidrug-resistant bacteria in a

hospital setting.
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1.6. Hypothesis of the study

There is no difference in the colonization rate of MRSA of HCWs and administrative
staff in the study site.

The genetic linage of MRSA from health care workers, administrative staff, patients,
isolates from cell phones and gown is the same.

There is no difference in the AST pattern of S.aureus between HCWs and
administrative staff.

The burden of MRSA is similar for HCWs and S.aureus isolates from stored isolates
of nasal swabs of patients.

The knowledge, attitude, and practice towards MRSA control and prevention is the
same among different HCWs in TASH.

1.7.0. Objectives

1.7.1. General Objective

To assess the burden of MRSA colonization of health care workers, patients, and
selected inanimate objects and the knowledge, attitude, and Practice of HCW on
MRSA control and prevention measures at TASH.

1.7.2. Specific objectives

To assess the antimicrobial susceptibility of S. aureus isolates from HCWs and
administrative staffs of TASH, CHS, AAU

To determine the burden of MRSA colonization of HCWs at TASH

To determine the burden of MRSA colonization of administrative staffs of TAHS

To determine the rate of MRSA from inanimate objects including mobile phones of
HCWs , administrative staff and gowns of HCWs, and other inanimate objects from
operation rooms and intensive care units of TASH.

To determine the rate of MRSA based on MecA gene from stored isolates at TASH

To characterize the MRSA and MSSA from nasal isolates of HCWs, patients,
administrative staff, HCWs gowns, mobile phones of HCW, and administrative staff
using, pvl genes, spa typing, MLST typing, and WGS methods

To assess the knowledge, attitude, and perceived practice of HCWs towards MRSA

control and prevention measures.
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2.0. CHAPTER II: MATERIALS AND METHODS

2.1. Study Area

The study was conducted in Tikur Anbesa Specialized Hospital (TASH), Addis
Ababa, Ethiopia. TASH is located in Addis Ababa, the capital city of Ethiopia. Addis
Ababa has a population of 3,384,569 according to the 2007 population census
conducted by the Central Statistical Agency of Ethiopia (CSA, 2007) with an annual
growth rate of 3.8 % which was estimated at 4478127 by the year 2015. Addis Ababa
lies at an altitude of 2324 m (7625 ft.) above sea level and is located at 8°58'N,
38°47'E and has a mean annual temperature and rainfall of 15.9°%c and 1089 mm,
respectively. TASH is a specialized teaching hospital that is found under the College
of Health Sciences, Addis Ababa University. The hospital is the largest of its kind in
Ethiopia and serves as a referral hospital for the surrounding catchment areas. During
the time of data collection, there were about 200 medical doctors, 600 nurses, 70
laboratory personnel, 60 pharmacy personnel, and 115 other HCWs under TASH.
Moreover, under CHS, about 1200 administrative staff were working at different

departments and units of the CHS at TASH and Sefere-selam campus.

2.2. Study design and period

A prospective and retrospective cross-sectional study design was used to determine
the burden of MRSA colonization of HCWSs, inanimate objects including mobile
phones, gowns, and determine associated risk factors such as KAP of HCWSs towards
MRSA control and preventive measures. In addition to this, stored isolates from S.
aureus isolates from nasal colonization of Diabetic patients and mother-child pair
from TASH and clinical isolates from the bacteriology laboratory of TASH and
diabetic foot ulcer project were analyzed for the existence of MRSA and selected
molecular typing. The study was conducted between June to September 2018 for
phenotypic analysis, while the molecular tests were performed from May to August
2019.

2.3. Source of population

All HCWs practicing in TASH, patients, and administrative staff of CHS were our

source population for the prospective study.

2.4. Study Population

HCWs and administrative staff who were willing to provide nasal swabs, swabs from

mobile phones, gowns, and other inanimate objects of the hospital environments and
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volunteer to participate in this project during the study period were our study
population.

2.5. Selection of study participants

2.5.1. Inclusion criteria (for the prospective study):

HCWs who are currently working in TASH for at least 6 months.

For comparator groups: Administrative staff of CHS, AAU, and do not have contact
with patient management and support.

Consenting to be part of the study

For clinical and patient’s colonization study we used stored S. aureus isolates from
TASH and stored isolates from three previous MSc projects (two MRSA colonization

studies and isolates from diabetic foot ulcer infection study ).

2.5.2. Exclusion criteria: for the prospective study

HCWs who were taking antimicrobial drugs for the last 15 days before data
collection time

HCWs on leave of absence during the study period.

For comparator group: Administrative staff who have been admitted in hospital for the
last 1 month before data collection time and taking antibiotics for the last 15 days

2.6. Study Variables

2.6.1. Dependent variables

HCWs MRSA colonization status

MRSA colonization status of mother-child pair and diabetic patients

MRSA colonization status of administrative staff

MRSA /contamination level of mobile phone, and gowns,

MRSA rate of S.aureus from clinical sources

Antimicrobial susceptibility pattern of S, aureus from HCWs and administrative staff
Mec A, Pvl, spa types, MLST types, and WGS of S.aureus isolates, Knowledge,

attitudes, and practice of HCWs towards MRSA control and prevention

2.6.2. Independent variables

Age e Opportunity of in service
Sex training
Work experience e Work experience
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Knowledge of HCWs e Hygiene status of HCWs
Working department e Cleaning status of cell phone
HCWs source of information and gown

for MRSA e History of hospital admission
Availability of hand hygiene e History of surgical intervention

materials and guidelines for
MRSA

2.7. Sample size and Sampling Technique

Sample size calculation ws made based on a single population proportion method to
calculate the sample size for MRSA colonization of HCWs, administrative staff,
MRSA burden from the cell phone, gowns, and for assessing knowledge. Attitude and
practice (KAP ) of HCWs. Since there is no such similar study in Ethiopia and other
countries with similar settings. We took 50 % proportion for administrative staff,
inanimate objects study. The value of p was taken as 50 % (0.5) with 95 % confidence
interval, 5 % margin of error with 10 % contingency level.

N; = Zo/2? P(1-P)
d 2
Where N = Sample sizes  z (¢°)2 = At 95% confidence interval Z value (o = 0.05)
= 1.96 Where  p = Proportion of occurrence of the events to be studied 50%
(0.50), = Margin of error at (5%) (0.05)
N;=(1.96) (1.96) 0.5(0.5) = 384.16
(0.05) (0.05)

With 10 % contingency, which resulted in a final sample size of 422.

For colonization of HCWs (Ny), we took the prevalence of nasal carriage rate of
MRSA among Dessie Referral Hospital HCWs; Dessie, Northeast Ethiopia that was
done by Shibabaw and colleagues in 2013 ( Shibabaw et al., 2013).The value of p was
taken as 12.7 % (0.127) with 95 % confidence interval, 3 % margin of error with 10 %

contingency level.

N2 =(1.96) (1.96) 0.127(0.873) = 473
(0.03) (0.03)
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With 10 % contingency, 520 HCWs , swabs from cell phones, and gown each was
the sample size for the HCWs group . However, to increase precision and power we

have included more study participants up to 600, especially for HCWSs groups.

Since N, is greater than, N1, we have considered the largest sample size of 520 both
for HCW and administrative staff to compare the burden of MRSA between HCW and
administrative staff groups.

For mother-child pair and diabetic patients' MRSA colonization study, we used 70 S.
aureus stored isolates from MRSA colonization study. Moreover, 100 S.aureus
clinical isolates were collected from the Clinical Microbiology laboratory and stored
isolates from diabetic foot ulcer infected patients for molecular characterization.

We used proportional allocation methods to represent fairly the 200 medical doctors,
600 nurses, 70 laboratory personnel, 60 pharmacy personnel, and 115 other HCWs
under TASH. Based on proportional allocation methods, 167 medical doctors, 289
nurses, 36 laboratory personnel, 29 pharmacy personnel, and 67 other types of HCWs
were included, though we approached a total of 600 HCWs. using convenient

sampling methods for each HCWs group.

For the selection of administrative staff, we have included about 472 staff using
convenient sampling methods from 1200 total administrative staff. All administrative
staff including secretaries, messengers, drivers, guards, technical personnel working in

the various units and departments of the College of health sciences were included.

2.8. Data collection procdeures

2.8.1. Socio-demographic and other data for HCWs and administrative staff
Socio-demographic data were collected using pretested self-administered
questionnaires which were prepared for this purpose. The socio-demographic data
comprises Age, sex, work experience, level of education, current working places,
number of gowns/uniforms that an HCW have, how frequently they change their
gowns and or uniforms, types of cell phone, availability of guidelines and leaflets
about MRSA, their feeling about availability of adequate hand hygiene materials
( alcohol hand rubs, soap, and water), history of hospital admission and surgical

intervention to see any impact on MRSA colonization were collected ( Appendix [X).

2.9. Sample collection and transport and storage

2.9.1. Sample collection from HCWs and administrative staff
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A single nasal swab was collected using sterile moistened swabs (Amie’s Oxoid,
England) from both anterior nares of informed and consented HCWs and
administrative staff and placed in Amie’s transport media. After explaining to the
participants the procedure for sample collection, nasal swabs were collected by the PI
and data collectors. The collected swabs were immediately transported to the

microbiology laboratory.

2.9.2. Sample collection from inanimate objects

Samples from mobile phones of HCWs and administrative staff: We used a sterile
moistened swab and both sides of the mobile phones were rubbed and the swabs kept
in a sterile tube with a lid and then transported to the microbiology laboratory.
Samples collection from gowns of HCWs: Like the mobie phone we have used a
moistened cotton swab and we collected samples from the sleeves and pockets of the
gown and the swab was kept in a sterile tube which is labelled and transported to the
microbiology laboratory.

Samples collection from other inanimate objects at TASH: We have collected 210
swabs from various units of TASH including ICUs, operation rooms, and wards were
included for 10 weeks (21 swabs per week). Items like beds, coaches, tables, neonatal
incubators, chairs, sink; suction machine tips and oxygen cylinder were collected
using sterile moistened swabs. Moreover, air sample was tested using open-air
settlement methods using blood and mannitol salt agar in the operation rooms and
ICUs and transported to the microbiology laboratory for processing.

Each sample was pre-labelled with the identification code of the study participant and

sample site. All samples were transported immediately to the microbiology laboratory
of the Department of Microbiology, Immunology, and Parasitology (DMIP) for
analysis. When there was a delay, samples were kept in the refrigerator for not more
than 12 hours.

2.9.3. Sample processing and Identification of S. aureus and MRSA
All nasal swabs from HCWs and administrative staff, swabs from cell phones and

gowns, and swabs from selected inanimate objects of operating rooms and ICUs were

plated on mannitol salt agar and / or MRSA Chrom agar and incubated overnight at
35-36 °C. Typical colonies resembling Staphylococcus were gram-stained and those

showing gram-positive cocci were further tested for catalase, coagulase enzymes,
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mannitol fermentation, and or DNAse test. Bacterial colonies confirmed as S.aureus
were stored in skimmed milk glycerol media at -30 to -70°C until further tests were
done (Lozano et al., 2009; CLSI ,2018).

2.9.4 Sample processing of the stored isolates

Stored isolates from three previous M.Sc. projects and clinical isolates collected from
the routine clinical bacteriology laboratory at TASH were included in this study. One
of the M.Sc projects was on MRSA prevalence and antimicrobial drug resistance
among diabetic patients at TASH, while the other was a study on the colonization of
MRSA in a mother-child pair. In both cases, they have collected nasal swabs and
isolates were identified and their antimicrobial susceptibility determined. The third
group of isolates was taken from a project which focused on the microbial burden and
antimicrobial drug resistance patterns from clinical samples taken from diabetic foot
ulcer in selected hospitals of Addis Ababa, Ethiopia. All the stored Staphylococcus
isolates were subcultured and further identification was performed and those

confirmed as S. aureus were included for further molecular analysis.

2.9.5. Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was carried out for all isolates of S. aureus, from
nasal swabs of HCWs and administrative staff, mobile phones of HCWs, and
administrative staff and gowns of HCWs using the disc diffusion method on Muller
Hinton agar (UK) based on CLSI 2018 guideline. Briefly, 3-5 colonies of the test
organism were emulsified in 5 ml of sterile nutrient broth and mixed gently. The
suspension was incubated at 37 °C until the turbidity of the suspension becomes
adjusted to 0.5 McFarland standards. The suspension was then uniformly swabbed
onto Muller Hinton agar (MHA). The following antimicrobial disks were used:
Rifampin (5 pg), clindamycin (2 pg), Trimethoprim-Sulfamethoxazole (1.25/23.75
ng), erythromycin (15 pg), Tetracycline (30 pg), penicillin (10 Units). Methicillin
resistance was detected using cefoxitin (oxacillin) (30 pg) disc diffusion test. The
MHA plates were incubated at 36 °C for 18-24 hours and the zone of inhibition
around the disc was measured to the nearest millimeter using a graduated caliper and

the isolates were classified as sensitive, intermediate, and resistant according to CLSI

methods (CLSI, 2018). Van A and VanB genes were also tested following standard
PCR protocol.
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2.10. Molecular testing

This part of the project was done at the Department of Global Health and Infection,
Brighton and Sussex Medical School, University of Sussex, UK. Samples were
transported through a material transfer agreement (Annex XII) for further molecular
tests. Molecular methods were used to look for the presence of Mec A gene for the
existence of MRSA molecular marker, the presence of virulence markers PVL genes,
detection of Spa protein genes using conventional PCR protocol and sequencing and
PCR for the seven housekeeping genes of S. aureus for Multilocus sequence typing

(MLST). Whole-genome sequencing (WGS) was done for eighteen S. aureus isolates

from various sources including nasal sources from patients, mobile phones of HCWs

and administrative staff and gowns of HCWs, and clinical isolates.

2.10.1. DNA extraction

The DNA preparation for all PCR protocols ( MecA , van A and Van B genes, PVL
gene , Spa gene, seven housekeeping genes of S. aureus for MLST analysis) is done
based on Instagene matrix solution ( BIO-RAD , Munchen, Germany) following
manufacturer instruction. Briefly, 1-2 loopful of overnight growth colonies of S.
aureus was suspended in a sterile Eppendorf tube and washed with sterile DDH,0 and
on the pellets, 200 pl of 6 % Instagene matrix solution was dispensed, and the mixture
was heated in a heat block at 56 °C for 20 min, then vortexed and heated for 8 min at
100 °C & centrifuged at 8000 x g for 2-3 minutes. The DNA quality was assessed by
Nao drop machine for a representative sample. The supernatant solution was kept at
refrigerator/ deep freeze temperature until the PCRs were resumed ( Figure 2.1). The

same DNA extract was used for all PCR-based tests.
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Figure 2.1: DNA extraction of S. aureus isolates using Instagene matrix

2.10.2.PCR for MecA gene detection

The presence of mecAgenes was determined by polymerase chain reaction (PCR)
using mecA F and mecAR, primers
(AAAATCGATGGTAAAGGTTGGC;AGTTCTGGAGTACCGGATTTGC)
following previously described methods (74). Briefly, a master mix of 22.5 pl was
mixed with 0.5 pl of each forward and reverse Mec A primers and 1.5 pl of DNA
product . PCR reaction was resumed. The PCR was performed in thermocycler (MRB
Research, UK) using the following cycling parameters: Initial 35 cycle of
amplification (denaturation at 94°C for 60 s, primer annealing at 60°C for 90 s and
primer extension at 70°C for 60 s), and final extension at 72°C for 5 min. 5 ul of PCR
products and 1 pl of loading dye was mixed and the band was resolved in 1.2 %
agarose gels prepared in 1x TBE buffer containing 0.5 pg/ml of SYBER Green
solution. Hundred (100) bp DNA ladder was used as a molecular marker and the
amplification products were electrophoresed for 1 h at 100 V. The gel was then

visualized under a gel image instrument and the image was saved in the computer.
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2.10.3.Van A and Van B gene detection

Van A and Van B genes were analyzed using PCR protocols described by ( Sadat et
al.,2014) with slight modification. Briefly, we used the
GTGACAAACCGGAGGTAATA forward and TCA CCC CTT TAACGC TAATA
reverse primers for Van A gene and for Van B gene forward primer of CAG
TGCATGTGCCATGGATA and reverse primers of CCG CCA TCC TCC TGC AAA
AAA .Briefly, a master mix of 22.5 pl was mixed with 0.5 pl of each forward and
reverse primers of van A and Van B genes and 1.5 pl of DNA product . PCR reaction
was resumed. The PCR was performed in a thermocycler (MRB Research, UK) using
the following cycling parameters: Initial 35 cycle of amplification (denaturation at
94°C for 60 s, primer annealing at 60°C for 90 s and primer extension at 70°C for 60
s), and final extension at 72°C for 5 min. 5 pl of PCR products and 1 pl of loading dye
was mixed and the band was resolved in 1.2 % agarose gels prepared in 1x TBE
buffer containing 0.5 pg/ml of SYBER Green solution. Hundred (100) bp DNA ladder
was used as a molecular marker and the amplification products electrophoresed for 1 h
at 100 V. The gel was then visualized under a gel image instrument and the image was

saved in the computer.

2.10.4. Spa Typing

Spa typing was done according to the procedure described by Shopsin B and
colleagues and James RP and colleagues (Shopsin et al.,2019; James et al . 2014 )
with some modification. The principle is based on the amplification of spa genes on
the X region using polymerase chain reaction (PCR). We have used the forward and
reverse primers; spa-1113f (5'- TAA AGA CGA TCC TTC GGT GAG C -3") and spa-
1514r (5'-CAG CAG TAG TGC CGT TTG CTT -3') respectively (Invitrogen, Thermo
fisher scientific, Great Britain ). Briefly, a master mix of 22.5 pl was mixed with 0.5
pl of each forward and reverse Spa primers and 1.5 pl of DNA product . PCR reaction
was resumed. The PCR was performed in thermocycler (MRB Research, UK) using
the following cycling parameters: Initial 35 cycle of amplification (denaturation at
94°C for 60 s, primer annealing at 55°C for 90 s and primer extension at 70°C for 60
s), and final extension at 72°C for 5 min. 5 pl of PCR products and 1 pl of loading dye
was mixed and the band was resolved in 1.2 % agarose gels prepared in 1x TBE
buffer containing 0.5 pg/ml of SYBER Green solution. Hundred (100) bp DNA ladder

was used as a molecular marker and the amplification products were electrophoresed
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for 1 h at 100 V. The gel was then visualized under gel image instrument and the

image was saved in the computer.

2.10.5. Spa sequencing

The PCR products of Spa gene were purified using ExoSAP —IT DNA purification
kits ( Fisher Scientific, Leicestershire, Great Britain). Briefly, five ul of each PCR Spa
product and ExsoSAP-IT reagent was mixed in sterile new PCR tubes and heated at
37 ° C for five minutes and further heated at 80 ° C for 15 minutes using a
thermocycler. Then the forward and or reverse Spa primers are mixed with purified
PCR products in 1: 2 proportion in a new sterile 1. 5 ml Eppendorf tube which has a
unique barcode for sequencing (Figure 2.2). The ready-made pure PCR products were
sent to Eurofin genomics, England for sequencing. Using purified PCR products
sequencing was done using Agencourt CleanSEQ beads (Beckman Coulter, London,
UK). The spa types were assessed using RidomStaphType (Ridom GmbH, Germany)

software.

/4

Add ExoSAP-IT* 37°C, 15 min for treatment
Reagent 80°C, 15 min to inactivate

i ‘ @ intact PCR Prouc
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) @ N%E:te(l’)
Figure 2.2.. Spa gene purification methods for sequencing figure taken from

manufacturer manual.
2.10.6. PVL Detection CHECK REF

Primers used for detection of PVL genes were Luk PV-1,
ATCATTAGGTAAAATGTCTGCACATGATCCA and Luk PV-2,
GCATCAACTGTATTGGATGCCAAAGC which amplify a 433 base pair fragment
specific for lukS/F —PV genes, encoding the PVL S/F bicomponent proteins
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(Invitrogen, Thermo fisher scientific, Great Britain ). Briefly, a master mix of 22.5 pl
was mixed with 0.5 pl of each forward and reverse PVL primers and 1.5 pl of DNA
product .The DNA thermocycler was programmed for initial denaturation at 94 °C for
4 min; 35 cycles of amplification (denaturation at 94 °C for 45 s, annealing at 57 °C
for 45 s, and extension at 72 °C for 30 s); and a final extension at 72 °C for 2 min,as
decribed by Bastidas and collegues with slight modification (Bastidas et al., 2019). To
visualize the PCR product, 5 ul of the PCR amplicon was loaded with loading dye in
1.2 % agarose gel containing SYBERSAFE green followed by electrophoresis at 100
V for 1 h and visualized by using a gel imager instrument with software. Fragments of
DNA corresponded with 433 bp corresponded amplification of a fragment to the PVL

genes was considred as amplification of PVL gene.

2.10.7. Multilocus Sequence Typing (MLST)

2.10.7.1. PCR for 7 housekeeping genes

The principle was based on the amplification of arcC, aroE, glpF, gmk, pta, tpi, and
yqiL (Invitrogen, Thermo fisher scientific, Great Britain )( www.mlst.net). Briefly, a
master mix of 22.5 pl was mixed with 0.5 pl of each forward and reverse primers and
1.5 pl of DNA product. PCR reaction was resumed. The PCR was performed in
thermocycler (MRB Research, UK) using the following cycling parameters: Initial 35
cycle of amplification (denaturation at 94°C for 60 s, primer annealing at 55°C for 90
s and primer extension at 70°C for 60 s), and final extension at 72°C for 5 min. 5 pul of
PCR products and 1 pl of loading dye was mixed and the band was resolved in 1.2 %
agarose gels prepared in 1x TBE buffer containing 0.5 pg/ml of SYBERSAFE Green
solution. Hundred (100) bp DNA ladder was used as a molecular marker and the
amplification products were electrophoresed for 1 h at 100 V. The gel was then
visualized under a gel image instrument and the image was saved in the computer.
2.10.7.2. MLST sequencing and Typing

MLST analysis was carried out by sequencing fragments of 7 housekeeping genes
each (arcC, aroE, glpF, gmk, pta, tpi, and yqiL), as described in the mlst website
(available from www.mlst.net) (Table 2.1). All PCR products were purified by using
ExoSAP —IT DNA purification kits ( Fisher Scientific, Leicestershire, Great Britain) .
Briefly, five ul of each PCR MLST gene product and ExsoSAP-IT reagent was mixed
in sterile new PCR tubes and heated at 37 ° C for five minutes and further heated at

80 ° C for 15 minutes using thermocyler machine. Then the forward and or reverse
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MLST primers each were mixed with purified PCR products in 1 : 2 proportion in a

new sterile 1. 5 ml epindorf tube which has a unique barcode for sequencing. The

ready-made pure PCR products were sent to Eurofin genomics, England for

sequencing using an ABI Prism sequence (Applera) with Big Dye reaction mixes,

using the primers chosen for the initial amplification, and analyzed on the BioEdit

biological sequence editor 5.0.6. Each allele of the 7 housekeeping genes was assigned

to a number, and each isolate was characterized by a sequence type (ST), defined by

the allelic profile of the housekeeping genes. These profiles were compared to those

present in the S. aureus MLST database (available from www.mist.net (Lozano et al.,

2009).
Table 2.1. MLST gene primers used for MLST sequence typing
Genes Primers Sequences
Carbamate kinase (arcC) | arc C Up TTGATTCACCAGCGCGTATTGTC
arcC Dn AGGTATCTGCTTCAATCAGCG
Shikimate aro E UP ATCGGAAATCCTATTTCACATTC
dehydrogenase (aroE) aro E Dn GGTGTTGTATTAATAACGATATC
Glycerol kinase (glpF) glp FUp CTAGGAACTGCAATCTTAATCC
glp F Dn TGGTAAAATCGCATGTCCAATTC
Guanylate kinase (gmk) | gmkUp ATCGTTTTATCGGGACCATCTC
gmkDn ATTAACTACAACGTAATCGTA
Phosphate pta Up GTTAAAATCGTATTACCTGAAGG
acetyltransferase (pta) ptaDn GACCCTTTTGTTGAAAAGCTTAA
Triosephosphate tpi Up TCGTTCATTCTGAACGTCGTGAA
isomerase (tpi) tpiDn TTTGCACCTTCTAACAATTGTAC
Acetyl coenzyme A | ygiL Up CAGCATACAGGACACCTATTGG
acetyltransferase (ygiL) | yqiLDn C

CGTTGAGGAATCGATACTGGAA
C

2.10.8. Whole-Genome Sequencing of representative S. aureus isolates

Eighteen selected S. aureus isolates from nasal colonization of HCWs ,

administrative staff, and patients and clinical isolates were sent to the University of
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Cologne, Germany for whole-genome sequencing. DNA extraction, library
preparation, and sequencing were done according to their protocols and sequence data
were sent back for analysis in Fastaq format. On the Fastq data quality control was
made using FASTQC tool and genome assembly was performed using  Spades tool.
The 16 SrRNA phylogeny was prepared by annotating sequences using Prokka tool
and sequence comparison of 16 SrRNA was made using BLASTn tool. Sequence
similarity of more than 98 % was retrieved to construct the phylogeny tree and to
compute divergence time using MEGA 7 tool. Similarly, the Whole-genome
phylogeny was compared using BLASTn tool and JSpeciesWS tool (James et al.,
2014).

Genome comparison was done with 16S rRNA phylogeny. The analysis workflow is
shown in Appendix 1. The 16S rRNA sequence-based evolutionary relationship with
previously characterized strains was evaluated with MEGA7 (Kumar et al., 2016). The
evolutionary history was inferred with the Maximum Likelihood method based on the
Tamura-Nei model and represented with a bootstrap consensus tree from 1000
replicates. Initial trees were built with Neighbor-Join and BioNJ algorithms to a matrix
of pairwise distances estimated using the Maximum Composite Likelihood (MCL)
approach. Only the tree with the highest log-likelihood value was generated with 95%

site coverage (Kumar et al., 2016).

Whole-genome sequence comparison was also done with an average nucleotide
identity calculated with JSpeciesWS (Richter et al., 2016). The analysis workflow was
shown in appendix 1. The sequences obtained in this study will be deposited in the
NCBI GenBank database.

2.11. Data collection for Knowledge, Attitude, and practice (KAP) of HCW

KAP of HCWs towards MRSA control and prevention measures were collected using
pretested self-administered questionnaires prepared for this project (annex 1Xa to 1Xc).
KAP questionnaire is adopted from different guidelines and published literature
(Eldridge et al., 2006; Huskins et al., 2011; Patel et al., 2008 ; CDC, 2007% CDC 2007
b CDC 2006 ). The Data were collected by trained data collectors.

For knowledge questions, each question has 1 point score and a total score of 8. The
correct answer had one point and the incorrect answer was given 0 points. The score

varies from 0-8. Based on mean scores, the individual was grouped good level
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knowledge, if they scored 60 % and above out of 8 questions and poor knowledge if
they scores < /=59 % .

For attitude questions, 5 point Likert scale answers were used. For positive questions
a mark of 5 to 1 is given for Strongly Agree, Agree, Undecided, Disagree, and
strongly disagree responses respectively. For negative questions, the reverse scale
mark of 1 to 5 was given for strongly disagree, Disagree, Undecided, Agree, and
Strongly agree responses respectively. All participants’ results were summed up to
obtain a mean score and categorized as positive attitude and negative attitude level if
they fall above and below the mean attitude score respectively.

For practice questions, 5 points likert scales were used and for positive questions, a
mark of 5 to 1 is given for always, sometimes, rarely, very rarely, and never responses
and for negative practice questions, the reverse score 1 up to 5 ws given. All practice
related response is summed up to obtain mean score and categorized as good attitude
if they scored above the mean and poor attitudes if they scored below the mean score.
The overall data collection process is summarized in the flow chart shown below
( Figure 2.3).

) Stored
Stored nasal Isolates Information sheet and consent for isolates
' _ ' ' HCWs (n=588) and administrative from
Mother Child pair and Diabetic staff (n=468) or
pateints ( n= 70 isolates / from 846 clinical
participants KAP study n= 588 HCWs sources
u ﬂ n= 100
HCWs nasal + HCW mobile phone ﬂ

MecA, pvl, spa Typing
o ) MecA, Pvl, spa
. HCW gown , administrative staff .
n=70 isolates o ] typing
nasal and administrative staff

mobile phone

N
1yl

AST,MecA, pvl ,spa typing n= 268 and
10 % isolates for Van A & Van B PCR test

!

MLST typing 60 selected isolates from all sources ,52 were valid

WGS n= 21 selected isolates
from all sources = 18 available
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Figure 2.3. Flow chart for data collection for assessing “ Burden of Methicillin-
Resistant S.aureus (MRSA) & associated factors at TASH: Evidence from
colonization of HCWs ,patients, administrative staff, selected inanimate objects”, and

clinical isolates

2.12. Quality assurance measures

Pre-analytical, analytical, and post-analytical quality control measures were taken
throughout the research work.

2.12.1. Pre-analytical measures: Data collection tools were pretested and
standardized. A one-day training was given for data collectors before data and
specimen collection. Aseptic procedures have been followed and all culture media
were tested for sterility testing ahead of the actual procedures. Before the actual data
collection, a pre-test was done on the KAP questionnaires for HCWSs other than
TASH, and adjustment was made based on the feedback. The temperature of the
incubator and refrigerator was monitored. A sterility test was done during the

preparation of each culture media.

2.12.2. Analytical measures: we have used SOP for isolation, identification, AST,
and molecular testing. Quality control strains were used, S. aureus (ATCC 25923) and
MRSA 252 Newman strain as control strains. About 5 % of AST was duplicated to
check for any difference in performances. We have also used known gram-positive
and gram-negative organisms for assessing the QC of gram staining reagent, coagulase
test, DNAse, and catalase test. Every day, questionnaires were checked to maintain
uniformity and consistent data collection. Positive and negative controls were

implemented for all PCR reactions and gel electrophoresis reading.

2.12.3. Post-analytical measures: All results and activities were registered in a
registration book and data were entered properly. as required. The temperature of the

refrigerator was monitored regularly to maintain the quality of stored isolates.

2.13. Data quality management

Training on data collection procedures was given for data collectors. Pre-testing of
the questionnaire also was made to improve the data collection tool. There was
supervision during data collection time to check for completeness, accuracy, clarity,

consistency of questionnaires on daily basis. Corrective measures were taken
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accordingly, and then special care was taken during data entry, and data cleaning and
analysis. Howeevr, we have encountred some missing vraibles from HCWSs groups
and we could not fix it as the questionares were anonymous. The data was kept on a

secured, password-protected computer including a backup system.

2.14. Data Analyses

Data analyses and cleaning was done using SPSS version 20.0 software. Frequency
count and Comparison were made for different variables among MRSA colonizers and
non-colonizers and statistically tested using Chi-square or Fisher’s Exact Test. Mean
score of knowledge, attitudes, and perceived practice have been calculated and HCWSs
scored above average was considered as having good knowledge, attitudes, and
practice if not it is labeled as poor knowledge, attitudes and practice. Multivariate
analyses were done to predict the potential risk factors for colonization of MRSA. A
comparison was made for MRSA colonization rate of HCWs and administrative staff.
We have also determined the genetic relationship of S. aureus isolates from HCWs,
patients, and inanimate objects using different MecA, PVL status, Spa typing. For few
isolates, we did also MLST and WGS. A P-value of < 0.05 was considered statistically

significant.

2.15. Ethical Consideration

Ethical approval was obtained from the Department Review and Ethics Committee
(DREC) of the Department of Microbiology, Immunology, and Parasitology (DMIP)
and the Institutional Review Board of the College of health sciences (IRB-CHS) (U
(Ref. no. AAUMF 03-008) (Ref. no. MoST 310/160/18). We have also secured ethical
clearance from the national research and ethics review committee (Ref. no. MoST
310/160/18).). A support letter was written by the clinical director of CHS to all
departments of the hospital including the bacteriology laboratory to use clinical
isolates. Written informed consent was obtained from each HCW and administrative
staff. Once they have read the information sheet, all their questions were explained to
them. They were also informed about their right to refuse to participate in the study.
The privacy and confidentiality of the information gathered were maintained. No
name identifiers were made on the questionnaires. All information was locked in a
drawer and secured computer-using password. HCWs were informed of the overall
findings of MRSA carriage in the hospital and some awareness has been made about

MDR bacteria including MRSA in the hospital settings.
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2.16. Dissemination of results

After the conclusion of the study, the results of the study with concrete
recommendations will be shared by using different means. The information will be
shared with the Hospital administration as input for HAI prevention measures in the
Hospital; results will also be shared with the Hospital community through
presentations at Department morning meetings and workshops. In addition to this,
abstracts will be presented at scientific conferences, and manuscripts will be submitted

for publications in peer-reviewed journals.

2.17. Operational definitions

The following operational terms are used in this proposal. They are adopted from
various literature and contextualized to this work (Eldridge et al., 2006; Huskins et
al., 2011; Patel et al., 2008; CDC ,2007% CDC,2006, Sax ® et al., 2007).
Colonization: the existence of the microorganism in the nasal area without showing
clinical signs and symptoms.

Inanimate objects: objects which are non-living but there is potential contact with
HCW and patients that can serve as reservoirs of MRSA, in this case, mobile phone,
gowns, trolleys, fixed phones, operating beds, Intravenous fluid stands, and other
similar items in the operating rooms, intensive care units will be considered.

Good knowledge: knowledge level of HCW about MRSA control and prevention who
have got above the average score otherwise it will be poor. This means those who
scored 60 % and above were labelled as good knowledge.

Good practice: perceived level of practice of HCW who have got above the mean
practice score.

Good attitudes: The attitudes of HCW who have got above the mean attitudes score
from the five Likert scale.

Health care workers: In this context, health care personnel have close contact with
patients for diagnosis, management, and other intervention measures. Medical doctors,
nurses, laboratory personnel, pharmacy personnel, and other related .

Adminstrative staff : These are staff of TASH and CHS, AAU who do not have
direct contact with patient management and or support.

MRSA: S.aureus which are resistant to penicillin and third-generation cephalosporin
drugs. An isolate is MRSA if S. aureus isolate was resistant to cefoxitin and positive
for Mec A gene.

MSSA : S.aureus starins which are sensitive to cefoxitin and mecA gene.
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3.0. CHAPTER THREE : RESULTS
3.1. Socio-demographic characteristics of HCWs and administrative

staff

3.1.1. Socio-demographic data of Health Care Workers in Tikur Anbessa
Specialized Hospital (TASH)

A total of 588 HCWs were included in this study though there are few missing
variables in the responces of HCWs that result in different in the total number of
HCWs in some responcses . More female HCWs participated in the study than their
male counterparts (58.4 %, 339/580) making the male to female ratio 1: 1.4.

The mean age and standard deviation of HCWs were 29.13 + 6.66 years with
minimum and maximum age of 20 and 57 years respectively. Seventy-five percent of
HCWs in TASH are within the age group of 20-26 years. About 40.3 % (237/586)
HCWs were married; the majority were nurses accounting for 49.1 % (289/588)
followed by Medical doctors 28.4 % (167/588) including residents, interns, and senior
consultant staff (Table 3.1).

In terms of education level, 63 % (369/586) of HCWs have a Bachelor of Science
degree and 9.6 % ( 56/586) of the HCWs have a Medical degree. Regarding work
experience, 60.5 % (355/ 587) of the HCWs have 1-4 years of work experience in
TASH (Table 3.1).
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Table 3.1. Socio-demographic characteristics and departments of HCWs in
TASH, 2019

Variables Frequency Percent (%)
Sex (n=580)

Male 241 41.6

Female 339 58.4

Age group (n=574)

20-26 Years 441 76.8

27- 33 Years 85 14.8

34- 40 Years 21 3.7
>=41 Years 27 4.7.

Marital status (n = 586)

Single 344 58.7

Married 237 40.4

Divorced 5 0.9

Professional Category (n=588)

Medical doctors 167 28.4
Nurses 289 49.1
Medical Laboratory Personnel 36 6.1
Pharmacy personnel 29 4.9
Others 67 114

Educational level (n= 586)

Diploma 6 1.0
Degree 369 63.0
Medical Doctor 56 9.6
MSc 39 6.7
Specialty certificate 112 19.1
Others 4 0.7

Work experience (n = 587)

1-2 Years 197 33.6
3-4 Years 158 26.9
5-7 Years 111 18.9
8-10 Years 45 7.7
More than 10 Years 76 12.9

NB: n is different for variables since there were missing values from the participants responses

In this study , 16.4 % (96/585) of HCWs were working in out-patient and emergency
departments. Likewise, 15.38 % (90/585) of HCWs were working in the Gynecology
and Obstetrics department of TASH (Figure 3.1).
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Figure 3.1.Distribution of the HCW in the various Departments of TASH , 2019.

Assessment on availability, type of gowns, and frequency of changing gowns among
HCWs in TASH, showed that 15 % (88/588) of HCWs had only a single gown and
2 % (12 / 588) of HCWs have six or more gowns for their clinical practice in the
hospital. The majority of HCWs 57.5 % ( 338/588) had long sleeve gowns and
48.1 % ( 282/586) of the HCWSs in TASH change their gowns on weekly basis (Table
3.2).

Regarding mobile phones types, 81.1 % ( 476/ 587) of HCWs had a smartphone ,
while 52.5 % ( 306/583) of the HCW’s mobile phones did not have cell phone cover.
Most HCW, 66.4 % (387/ 583) in TASH use their mobile phones during their clinical
activities like during operations, other procedures, and or examining patients and other

similar activities in the hospital (Table 3.2).
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Table 3.2.Availability of gown, mobile phone use, and MRSA-related training
among HCWs in TASH, 2019.

Variables Frequency Percent
Possession and no. of Gowns by HCWs
(n=588)
Only one gown 88 15.0
Two gowns 231 39.3
Three gowns 176 29.9
Four gowns 58 9.9
Five gowns 23 3.9
Six or more gowns 12 2.0
Type of Gowns ( n=588)
Short sleeves 209 355
Long sleeves 338 57.5
Both types 41 7.0
Frequency of changing gown (n=586)
Every day 11 1.9
Every other day 143 24.4
Weekly 282 48.1
Every other week 99 16.9
As required 51 8.7
mobile phone type used by HCWs (n=
587)
Ordinary ( Key pad type) 97 16.5
Smart mobile phone 476 81.1
Both types 14 2.4
Presence of mobile phone cover (n=583)
Present 277 47.5
No Cell phone cover 306 52.5
Use of mobile phone during clinical
practice ( n=583)
Yes 387 66.4
No 111 19.0
Some times 85 14.6
Training on MRSA prevention and
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control in general (n=585)

Trained 70 12.0

Untrained 515 88.0

Presences of guidelines and leaflet about
MRSA (n = 585)

Present 81 13.8
Absent 433 74.0
Do not know 71 12.1
Sufficient hand hygiene materials in TASH
( n=586)
Present 190 324
Absent 383 65.4
Do not know 13 2.2

NB: n is different as there are missing values in the responses from participants responses. Clinical

Practice: activities related in operation rooms, wards, examining patients, and other similar activities.

Concerning whether HCWs in TASH took training in MRSA-related prevention and
control, 88 % (515/585), did not take such training during their practice in TASH.
Seventy-four % (433/ 585) and 65.4 % (383/386) of HCWs did not know or have not
heard about the presence of guidelines and leaflets about MRSA and they did not feel
that there were sufficient hand hygiene materials in TASH respectively (Table 3.2).

HCWSs in TASH got MRSA-related information from various sources, such as
21.2 % (124/ 586) and 15.5 % (91/586) from radio / TV and other health personnel
respectively. Only 5.1 % of HCWs (30/586) obtain such information through reading

books and journals (Figure 3.2).
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Figure 3.2 Source of MRSA related information perceived from HCWs of TASH,
2019

3.1.1.2. History of hospital admission and surgical intervention

among HCWs in TASH

Among the HCWs working in TASH, 82.5 % (484/587) did not have a history of
hospital admission and only 11.5 % (67/585) of the HCWSs had surgical intervention in
the hospital for the previous three years of the data collection time (Table 3.3).
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Table 3.3.History of Hospital admission and surgical intervention by HCWs in
TASH, 2019

Variables Frequency Percent
Hospital admission ever since
(n=487)
Admitted 99 16.9
Not admitted 484 82.5
Do not remember
4 0.7
Surgical intervention for the last
three years (n=585)
Yes 67 11.5
No 512 87.5
Do not remember 6 1.0
Surgical intervention for the last
one year (583)
Yes
42 7.2
No 526 90.2
Do not remember
15 2.6

3.1.2. Socio demographic characterstics of Administrative staff of

CHS, AAU

A total of 482 administrative staff of the College of Health Sciences, Addis Ababa
University were approached in this study, and 468 staff responded with a response rate
of 97 %. The majority of the participants were females (64.1 %) and only 4.7 %
(22/468) fall within the age group of 56 years and above. More than 65 % of the staff
had secondary level education or below. Nearly 25 % of the staff had a history of

hospital admission and less than 5 % had a history of surgical intervention (Table 3.4).
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Table 3.4. Sociodemographic characteristics of Administrative staff of CHS,

AAU, 2018
Variables Frequency in No. (%)
Sex (n = 468)
Male 168 (35.9 %)
Female 300 (64.1%)

Age group (n=468)

17-25 Years 127 (27.13 %)
26-35 Years 140 (29.91%)
36-45 Years 120 (25.64 %)
46-55 years 59 (12.6 %)
>= 56 years 22 (4.7 %)

Marital status (n= 468)

Single 177 (37.82 %)
Married 288 (61.54 %)
Divorced 3 (0.64 %)

Educational category ( n=468)

Diploma 64 (13.67 %)
Degree 52 (11.11 %)
MSc 7 (1.49 %)
Certificate 36 (7.69 %)

Secondary level education

142 (30.34 %)

Primary level education

155 ( 33.11%)

Read and write

12 (2.56 %)

The current working area in the CHS (n=468)

CHS

271(57.90 %)

Sefere-Selam

65 (13.88 %)

TASH offices

19 (4.05 %)

TASH wards

113 (24.15 %)

History of Hospital admission last 3

years during data collection (n=468)

Yes

115 (24.57 %)

No

353 (75.43 %)

History of surgical intervention for last 3 year

during data collection(n=468)

Yes

24 (5.13 %)

No

444 (94.87 %)

46




Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 47

Out of 468 administrative staff, 25 % (117/468) were cleaners and laundry workers,
followed by drivers and guards, accounting for 19.01 % (89/468) (Figure 3.3.).
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Figure 3.3. Distribution of administrative staff of CHS, AAU, by professional category, 2019
Based on work experience in CHS, AAU, more than 37 % of the staff served at least

8 years. Out of the total, 48 .07 % ( 225/468) of administrative staff had the ordinary
type of mobile phone (Table 3.5).
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Table 3.5. Distribution of administrative staff by service year and mobile types of CHS,
AAU, 2019.

Variables Frequency in No. (%)

Service year in CHS, AAU

1-2 years 179 (38.24%)

3-4 years 63 (13.46 %)

5-7 years 49 (10.47 %)

8-10 years 25 (5.34 %)

More than 10 years 152 (32.47 %)
Mobile phone types

Ordinary 225 (48.07 %)

Smart phones 216 (46.15%)

No phones during survey date 27 (5.76 %)
Cell phone cover

Present 26 (5.55 %)

Absent 415 (88.67 %)

Not applicable 27 (5.76 %)

3.2. Isolation rate of S .aureus from HCWs and administrative staff

More than 280 presumptive S. aureus were isolated from nasal swabs of HCWs and
administrative staff, mobile phones of HCWs, and administrative staff and gowns of
HCWs. Upon further identification, 238 of them were confirmed as S .aureus ( Figure
34) and the remaining 42 were identified as coagulase-negative
Staphylococcus( CONS). The rate of S.aureus isolates from nasal swabs of HCWs and
administrative staff was16.32 % (96/588) and 8.97 % (42/468) respectively. While the
rate of S.aureus among HCWs and administrative staff mobile phones were 6.46 %
(38/588) and 3.84 % (18/468) respectively. On the other hand, the rate of S.aureus
isolates among gowns of HCWs was 7.48 % (44 /588).

Two hundred and ten (210) swabs collected from different inanimate objects were
included in this study, and no S .aureus was detected. Rather, 28 coagulase-negative

Staphylococcus ( CONS) were identified and 4 of them were harbouring mec A gene.
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Figure 3.4. Source S.aureus isolates from HCWs and administrative staff of CHS,
AAU, 2019

3.2.1. Antimicrobial susceptibility testing (AST) Pattern of S. aureus

isolates

Disc diffusion test was done for 238 S.aureus isolates from nasal swabs of HCWs and
administrative staff, mobile phones of HCWs, and administrative staff and gowns of
HCWs. Overall, 31 isolates (13.02 %) were sensitive to all antibiotics tested. All
isolates were sensitive to rifampicin. About 10 % of isolates including all MRSA
isolates were vancomycin sensitive using Van A and Van B genes by PCR methods.
Penicillin is the least sensitive drug for S. aureus isolates and 75.2 % of the isolates
were resistant to this drug. In this study, 68 isolates were resistant to cefoxitin

(oxacillin) and all of them were mec A positive (Table 3.6).
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Table 3.6. Antimicrobial susceptibility profile of S. aureus isolates from nasal
swabs, mobile phones, and gowns of HCWs, TASH, CHS, Addis Ababa,

Ethiopia,2019

Antibiotics tested

Sensitive n (%)

Resistant n (%)

Intermediate n (%)

Penicillin ( 10 ug) 59 (24.8%) 179 (75.2%) -
Oxacillin (Cefoxitin ) 167 (70.2) 68 (28.6%) 3 (1.2%)
(30pg)

Erythromycin (15ug) 199 (83.6%) 36 (15.1%) 3 (1.3%)
Clindamycin (2pg) 217 (91.2 %) 21 (8.8%) -
Tetracycline (30ug) 89 (37.4 %) 149 (62.6%) -
Rifampin (5pg) 238 (100%) - -

Trimethoprim-
Sulfamethoxazole
(1.25/23.75 pg)

74 (31.1%)

164 (68.9%)

All MRSA isolates and 10 % of methicillin sensitive isolates were sensitive to

vancomycin as we did not amplifay vanA and Van B genes.

S. aureus isolated from HCWs had a higher resistance rate of the antibiotics tested

compared to isolates from administrative staff and the difference is statistically

significant p-value <0.05 (Table 3.7).

Table 3.7. Antibiotics resistant profile of S.aureus isolates from HCWs groups versus
administrative staffs of TASH, CHS, AAU, 2019

Antibiotics Number and percent (%) of resistant S.aureus

tested HCWs groups | Administrative Staff X? P value
Penicillin ( 10 ug) | 139 (78.08) 40 (66.66) 3.14 0.076
Oxacillin 61 (34.26) 7 (11.66) 12.8 0.002
(Cefoxitin (30ug)

Erythromycin 178 (14.04) 11 (18.33) 1.59 0.451
(15pg)

Clindamycin 20 (11.23) 1 (1.66) 5.1 0.024
(2ng)

Tetracycline 80 (44.94) 9 (15.0) 17.1 8 0.000
(30pg)

Trimethoprim- 58 (1 32.58) 16 ( 26.66) 0.773 0.392
Sulfamethoxazole

(1.25/23.75 pg)
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In addition, statistically significant resistant rates to all drugs described in Table 3.7
were generally seen among MRSA isolates than MSSA isolates with a p-value < 0.05,

except the drug erythromycin which did not have statistical significance.

3.2.2. Multidrug-resistant pattern of S. aureus isolates

Over all 237 isolates (88.4%) of S. aureus isolates were resistant to at least a single
antibiotic. Sixty-one isolates were resistant to two different classes of antibiotics and
one isolate was resistant to six antibiotics ( Figure 3.5). The level of MDR S.aureus
found to be 28.9 % (69/238).
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Fig 3.5. Multiple antibiotics resistant pattern of S aureus isolates at TASH, CHS,
AAU, 2019

3.3.The burden of MRSA: Mec A gene detection from different source samples

In this section, the burden of MRSA is presented for S.aureus isolates from nasal
colonization of HCWs and administrative staff, mobile phones of HCWs, and
administrative staff and gowns of HCWSs. Moreover, we have also determined the
burden or proportion of MRSA from stored isolates from mother-child pairs and

diabetic patients nasal isolates and clinical isolates ( diabetic foot ulcers infection and
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other clinical isolates) to estimate the true burden of MRSA based on cefoxitin disc
diffusion and mec A gene amplification ( Figure 3.6).

)

MecA KASSU D BSMS, ENGLAND, 27.07.19, PLATE 3 D7 TO F10( 124 B TO ICL 10)

Figure 3.6.Gel band result of MecA genes . MM is for molecular markers of 100 bp,
the letter from D7 to F10 are PCR products of S.aureus isolates, MRSA is a positive
control and NC is a negative control.

3.3.1.Nasal Colonization of HCWs and administrative staff with MRSA at
TASH,CHS, Addis Ababa University
3.3.1.1.Nasal colonization of HCWs at TASH

The burden of MRSA nasal colonization in HCWs is found to be 4.8 % (28/580). The
burden of MRSA is more or less the same among males and females with no
significant difference. HCWs within the age group of 20-26 years were the dominant
group and the burden is also higher among these age groups compared to others (Table
3.8). Similarly, Nurses were the highest HCWSs in TASH and the proportion of nasal
colonization of MRSA is higher among nurses than other HCWs ( 22/28 total
positive). Twenty-three HCWs have first-degree among the 28 MRSA-positive nasal

carriers.
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Table 3.8. Nasal Colonization of HCWs with MRSA working at TASH, CHS, AAU, 2019.

Variables MRSA Positive MRSA Negative
No. (%) No. ( %)
Sex ( n=580)
Male 12 (4.97 %) | 229 (95.03 %)
Female 16 (4.72 %) | 323 (95.30 %)
Age Group *
20-26 years 26 (5.89 %) | 415 (94.11 %)
27-33 years 0 (0 %) 85 (100 %)
34-40 years 1(4.76 %) | 20 (95.24 %)
>/= 41 years 1(3.70%) | 26 (96.30 %)
Marital status
Single 19 (5.52%) | 325 (94.48%)
Married 9(3.79 %) | 228 (96.21%)
Divorced 0 (0%) 5 (100 %)
Professional category **
Medical doctor 4(2.39 %) | 163 (97.61 %)
Nurses 22 (7.61 %) | 267(92.39 %)
Medical Laboratory personnel 0 (0 %) 36 (100 %)
Pharmacy personnel 1(3.44%) 28 (96.55%)
Others 1(1.49%) 66 (98.51%)
Educational level
Diploma 0 (0 %) 6 (100 %)
Degree 23 (6.23 %) 346 (93.77 %)
Medical doctor 1(1.78 %) 55 (98.22 %)
MSc 1(256%) | 38(97.44 %)
Speciality certificate 3(2.67 %) | 109 (97.33%)
Others (PhD, Pos graduate diploma) 0(0%) 4 (100 %)

*x? = 5.4; p value = 0.023; ** x* =10.7; p value = 0.03

HCWs having 1-2 years of work experience are the largest group and 6.59 % (13/ 197)
of them have nasal MRSA colonization. There is no significant difference between the
number of gowns possessed by HCWs and nasal colonization by MRSA (Table 3.9).
However, a statistically significant difference was seen between HCW's frequency of
changing gowns and nasal colonization with MRSA. On the other hand, the proportion
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of MRSA nasal colonization is not different among HCWSs having smartphones or

ordinary type cell phones.

Table 3.9. MRSA burden of HCWs with gowns and mobile phone use at TASH, CHS, AAU,

2019.
Variables MRSA Positive MRSA Negative
No. (%) No. (%)

Work experience year
1-2 13 (6.59 %) 184 (93.41 %)
3-4 6 (3.79 %) 152 (96.21 %)
5-7 6 (5.40 %) 105 (94.60 %)
8-10 2 (4.44 %) 43 (195.56%)
More than 10 years 1(1.31%) 75 (98. 69 %)

No. of gown you have
One 5 (5.68 %) 83 (94. 32 %)
Two 5 (2.16 %) 226 (97.84%)
Three 10 ( 5.68 %) 166 (94. 32 %)
Four 5 (8.62 %) 53 (91.38 %)
Five 2 (8.69 %) 21 (91.31 %)
Six or more 1(8.33 %) 11 (92.67 %)

Types of gown

Short sleeves

13 (6.22 %)

196 (93.78 %)

Long sleeves

13 (3.84 %)

325 (96.16 %)

Both

2 (4.87 %)

39 (95. 13%)

Frequency of changing gown *

Every day 2 (18.18 %) 9 (81. 82 %)
Every other day 12 (8.39 %) 131 (91. 61 %)
Weekly 6 (2.12 %) 276 (97.88 %)
Every other week 6 (6.10 %) 93 (93.90%)
As required 2 (3.92 %) 49 (96.08%)
Type of cell phone
Ordinary cell phone 6 (6.18 %) 91 (93.82 %)
Smart type phone 21(4.41 %) 455 (95.59%)
Both types 1(7.14 %) 13 (92.86%)

Cell phone cover

Present

12 (4.33 %)

265 (95. 67 %)

Absent

15 (4.93 %)

289 (95.07 %)

Not applicable

0 (0 %)

2 (100 %)

practice

Do you use mobile phone during clinical

Yes

18 ( 4.65 %)

369 (95.35 %)

No

6 (5.40 %)

105 ( 94.60 %)
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Some times

3(3.52 %)

82 (96.48 %)

*Fisher exact test13.24; p value 0.010

Nasal colonization of HCWs is not different whether they took MRSA-related

training or not, availability of guidelines or leaflets, history of hospital admission, and

surgical intervention (Table 3.10).

Table 3.10. Nasal colonization of HCWs with MRSA with related factors at TASH,

CHS, AAU, 20109.
Variables Nasal MRSA Positive | Nasal MRSA
No. (%) Negative No. ( %0)
Training on MRSA
Yes 6 (8.57%) 64 (91. 43 %)
No 22 (4.27 %) 493 (95.73 %)
Availability of guidelines &
leaflets for MRSA
Present 5 (6.09 %) 76 (93. 91 %)
Absent 19 (14.38 %) 414 (95.62 %)
Do not know 4(5.63 %) 67 (94. 37 %)
Availability of sufficient hand hygiene
materials in TASH
Present 13 (6.84 %) | 177 (93.16 %)
Absent 14 (3.39 %) | 369 (96.61 %)
Do not know 1(7.69%) | 12(92.31 %)
History of hospital admission
ever
Yes 3(3.03%) | 96 (96.97 %)
No 25 (5.16 %) | 459 (94. 84 %)
Do not know 0 (0 %) 4 (100 %)
History of surgical intervention
Yes 1(2.38%) | 41 (97.62 %)
No 27 (5.13 %) | 499 (94. 87 %)
Do not know 0 (0 %) 15 (100 %)
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Moreover, there is no significant difference between the current working department
and the Source of information with nasal colonization of HCWs by MRSA ( P-value >
0.05; data not shown).

3.3.1.2. The burden of Methicillin-Resistant S. aureus among Administrative staff
of CHS, AAU

Among 468 administrative staff of the College of Health Sciences, Addis Ababa
University, only one individual had MRSA carriage in the nasal cavity, making a
magnitude of 0.2 % (1/468). The MRSA-positive administrative staff was a female,
between the age of 26-35 years and married. She has primary level education, works
as a cleaner, has no history of hospital admission and surgical intervention for the last
three years before data collection with a work experience of 4 years. She had a

smartphone without a phone cover.

3.3.2. The burden of MRSA Contamination of HCWs and administrative staffs’
mobile Phone practicing at TASH, CHS, AAU

3.3.2.1. Burden of MRSA Contamination of HCWs mobile phones

We have determined the MRSA contamination level of the mobile phone of HCWs
and it is found to be 2.89 % (17/ 588). Fifty percent of HCW's mobile phone
contamination belonged to females ( P-value > 0.05). The majority of mobile phone
contamination is seen among the very young age group, single HCWs, nurses, and
medical doctors (Table 3.11).
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Table 3.11. MRSA contamination level mobile phones of HCWs practicing at TASH,
CHS, AAU, 2019.

Variables MRSA Positive MRSA Negative
No. (%) No. Percent ( %)
Sex (N=580)
Male 5 (0 %) 236 (100 %)
Female 10 (2.94 %) | 329 (97.06 %)
Age Group ( N=574)
20-26 years 11 (0 %) 430 (100 %)
27-33 years 3(3.52%) | 82 (96.48%)
34-40 years 1(4.76%) | 20 (95.24%)
More than 40 years 0 27 (100 %)
(0 %)
Marital status ( N= 586)
Single 10 (2.90 %) | 334 (97.10 %)
Married 6 (2.53 %) | 231 (97.47 %)
Divorced 0 (0%) 5 (100 %)
Professional category ( N=588)
Medical doctors 7 (4.37 %) 160 (95. 63%)
Nurses 7(2.42%) | 282 (97.58%)
Medical Laboratory personnel 1(2.77 %) 35 (97.33%)
Pharmacy personnel 0 (0 %) 29 (100 %)
Others 1(1.49 %) 66 (98.51%)
Educational level ( N=586)
Diploma 0(0%) 6 (100 %)
Degree 8(2.16 %) | 361 (97. 84 %)
Medical doctors 0(0%) 56 (100 %)
MSc 1 (2.56 %) 38 (97.44%)
Speciality Certificate 7 (6.25 %) 105 (93.75)
Others 0 (0 %) 4 (100 %)

NB: n is different as there were missing values from the responses of participants.
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In this study, 62.5 % ( 10/16) mobile phone MRSA contamination is observed among

HCWs who had work experience of 1-4 years, and interestingly, 12 of the 16 MRSA
mobile phone contamination was seen among HCWs who have only two gowns,
although the difference is not statistically significant ( P-value > 0.05). Similarly, the
contamination level is high among those who change their gown every week and
among HCWs who had a smartphone, but it is not statistically significant (Table
3.12).
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Table 3.12. MRSA contamination level of mobile phones of HCWs practicing at TASH, CHS,
AAU, 2019.

Variables MRSA Positive MRSA Negative
No. (%) No. (%)
Service year (N=581)
1-2 years 5 (2.53 %) 192 (97.43 %)
3-4 years 5 (3.28 %) 147 (96. 72 %)
5-7 years 4 (3.60 %) 107 (96.40%)
8-10 years 0 (0 %) 45 (100 %)
More than 10 years 2 (2.63 %) 74 (97. 37 %)
No. of gown you have (N= 588)
One 2 (2.27 %) 86 (97.73 %)
Two 12 (5.19 %) 219 (94. 81%)
Three 2 (1.13 %) 174 (98.87%)
Four 0 (0 %) 58 (100 %)
Five 0 (0 %) 23(100%)
Six or more 0 (0%) 12 (100 %)
Types of gown ( N=588)
Short sleeves 8 (3.82 %) 201 ( 96.18%)
Long sleeves 6 (1.77%) 332 (98. 23 %)
Both 2 (4.87 %) 39 (95.13 %)
Frequency of changing gown (N=586)
Every day 0 (0 %) 11 (100 %)
Every other day 5 (3.49 %) 138 (96.51 %)
Weekly 9 (3.19 %) 273 (96. 81 %)
Every other week 2 (2.02 %) 97 (97.98 %)
As required 0 (0 %) 51 (100 %)
Type of mobile phone ( 587)
Ordinary cell phone 3 (3.09 %) 94 (96. 91%)
Smart type phone 13 (2.73 %) 463 (97.27 %)
Both types 0 (0 %) 14 (100 %)
Cell phone cover ( N=583)
Present 8 (2.88 %) 269 (97.12 %)
Absent 8 (2.63 %) 296 (97.37 %)
Not applicable 0 (0 %) 2 (100 %)
Do you use mobile phone during clinical
practice (N=583)
Yes 14 (3.61 %) 373 (96.39 %)
No 0 (0%) 111 (100 %)
Some times 2 (2.35 %) 83 (97.65 %)
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All mobile phone MRSA contamination is found among HCWs who do not have
MRSA-related training. At the same time, 10 out of 16 MRSA mobile phone
contamination is found among HCWSs who said there are no guidelines and leaflets
about MRSA in TASH, and there is no significant difference ( P-value = 0.052).
MRSA mobile phone contamination is not different concerning the history of hospital

admission and surgical intervention (Table 3.13).

Moreover, there is no significant difference between the current working department

and source of information for MRSA /S.aureus with the level of mobile phone

contamination of HCWs by MRSA ( P-value > 0.05; data not shown).

Table 3.13. MRSA mobile phone contamination level of HCWs practicing at TASH,

CHS, AAU, 2019.
Variables MRSA Positive MRSA Negative
No. (%) No. ( %0)
Training on MRSA (n= 585)
Yes 0 (0 %) 70 (100 %)
No 16 ( 3.10 %) 499 (196. 90 %)

Availability of guidelines & leaflets for
MRSA (n=585)

Present 1(1.23%) 80 (98.77%)
Absent 10 (2.3 %) 423 (97.7%)
Do not know 5(7.01 %) 66 (92.99
Availability of sufficient hand hygiene materials in
TASH (n=586)
Present 6 (3.15 %) 184 (96.85 %)
Absent 9 (2.34 %) 374 (97. 66%)
Do not know 1(7.69 %) 12 (92.31 %)
History of hospital admission ever
(n=1587)
Yes 5 (5.05 %) 94 (94.95 %)
No 11(2.27 %) 473 (97.73%)
Do not know 0 (0 %) 4 (100 %)
History of surgical intervention ( n= 585)
Yes 4 (5.97 %) 63 (94.13 %)
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No 11 (2.14 %) 501 (97. 86 %)

Do not know

0 (0 %) 6 (100 %)

3.3.2.2. MRSA contamination level of Mobile phones of Administrative staffs of
CHS, AAU

In this study, six administrative staff mobile phones harboured MRSA (MecA)
making MRSA isolation rate of 1.3 % (6/468). Four of them were male participants,
four of the staff had a history of hospital admission and all of them did not have a
history of surgical intervention at all (Table 3.14).

Table 3.14. MRSA contamination of mobile phone with socio-demographic factors of

administrative staffs of CHS, AAU, 2018

Variables MRSA Positive No. | MRSA Negative
(%) No. (%)
Sex (n = 468)
Male 4(2.38 %) 164 (97.62 %)
Female 2 (0.30 %) 298 (99.7 %)
Age group (n=468) *
17-25 Years 1 (0.78 %) 126 (99.21%)
26-35 Years 1 (0.71%) 139 (99.28 %)
36-45 Years 0 (0%) 120 (100 %)
46-55 years 3(5.10 %) 56 (94.90 %)
>= 56 years 1(4.45 %) 21 (95.45 %)
Marital status (n= 468)
Single 2 (1.13 %) 175(98.87%)
Married 4(1.38%) 284 (98.61 %)
Divorced 0 (0 %) 3 (100 %)
Educational category ( n= 468)
Diploma 3 (4.68 %) 61 (95.31%)
Degree 0 (0 %) 52 (100 %)
MSc 1 (14.3%) 6 (85.71%)
Certificate 0(0%) 36 (100 %)
Secondary level education 0 (0 %) 142 (100 %)
Primary level education 2(1.29 %) 153 (98.70 %)
Read and write 0 (0 %) 12 (100 %)
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Current working area in the CHS
(n=468)

CHS 3(1.10 %) 268(98.89 %)
Sefere-Selam 1(1.54%)
64(98.46 %)
TASH offices 0 (0 %) 19 (100 %)
TASH wards 2(1.77 %) 111 (98.23 %)
History of Hospital admission (n=468)
Yes 2 (1.74 %) 113 (98.26 %)
No 4 (1.13 %) 349 (98.86 %)
History of surgical intervention
(n=468)
Yes 0 (0 %) 11 (100 %)
No 6 (1.31%) | 451 (98.68 %)

*FET 10.7, P value 0.029

Two of the six administrative staff whose mobile was contaminated with MRSA were

office workers, 5 of them had 10 years or more of work experience in CHS. Among

the six administrative staff whose mobile phones were contaminated with MRSA,

three of them each had ordinary and smartphone and all MRSA-positive individuals

except one had no mobile phone cover (Table 3.15).
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Table 3.15. MRSA contamination level of mobile phone with professional category,

service year and mobile types of Administrative staff of CHS, AAU, 2018.

Variables MRSA Positive MRSA Negative
No. (%) No. ( %)
Professional category
Office workers 2 (2.70 %) 72 (97.29 %)
Kitchen workers 1(1.89 %) 52 (98.11 %)
Guard 1(1.12%) | 88(98.88 %)
Drivers and garage workers 0 (0 %) 20 (100 %)
Cleaners and laundry workers 0 (0 %) 117 (100 %)
Administrative and 0 (0 %) 16 (100 %)
human resource management
Finance workers 1 (3.57%) 27 (96.43 %)
Others 1(1.41%) | 70 (98.59 %)
Service year in CHS, AAU *
1-2 years 1 (0.55%) 178 (99.44%)
3-4 years 0 (0 %) 63 (100 %)
5-7 years 0 (0 %) 49 (100 %)
8-10 years 0 (0 %) 25 (100 %)
More than 10 years 5 (3.28%) 147 (96.71%)
Mobile phone types
Ordinary 3(1.33%) 222 (98.67 %)
Smart phones 3 (1.38%) 213 (98.61%)
No phones during survey date NA 0 (0)%) NA 27 (100 %)
Mobile phone cover
Present 1(3.84%) | 25(96.15 %)
Absent 5 (1.20%) 410 (98.79 %)
Not applicable 0 (0%) 27 (100 %)

*FET 18.3; P-value 0.005
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3.3.3.The burden of MRSA Contamination of HCWs gowns practicing at TASH,
CHS,AAU

In the same manner, the level of MRSA contamination level of HCWs gowns was
determined and 17 out of 588 (2.89 %) were contaminated. All MRSA contamination
is found among the age group of 20- 33 years, slightly higher among female than male
HCWs (12 vs 5). No significant difference was seen between sex, age, marital status,
educational status, and level of education (P-value > 0.05) (Table 3.16).
Table 3.16. MRSA contamination level HCWs gowns practicing at TASH, CHS, AAU,

2019.

Variables MRSA Positive MRSA Negative
No. (%) No. (%)
Sex (n=580)
Male 5 (2.07 %) 236 (97.93 %)
Female 12 (3.53 %) 327 (96.47 %)
Age Group (n=574)
20-26 years 15 (3.40 %) 426 (96.60 %)
27-33 years 2 (2.35%) 83 (97.65 %)
34- 40 years 0 (0 %) 21 (100 %)
More than 40 years 0 (0 %) 27 (100 %)
Marital status (n= 586)
Single 8 (2.32%) 336 (97. 68%)
Married 9(3.79%) | 228(96.21%)
Divorced 0 (0%) 5 (100 %)
Professional category )n= (588)
Nurse 4 (2.39 %) 163 (97.61%)
Medical doctors 10 ( 3.46 %) 279 (196.54%)
Medical Laboratory personnel 0 36 ( 100 %)
Pharmacy personnel 0 29 (100 %)
Others 3 (4.47 %) 64 ( 93.53%)
Educational level (n=586)
Diploma 0 (0 %) 6 (100 %)
Degree 12 (3.25%) 357 (196. 75%)
Medical doctorate degree 2 (3.57 %) 54 (96.43%)
MSc 0 (0 %) 39 (100 %)
Speciality certificate 2(1.78 %) 110 ( 98. 22%)
Others 0 (0 %) 4 (100 %)
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Thirteen out of seventeen (76.47%) gowns contamination found among HCWs who
had work experience of 1- 4 years. In the same way, 16 out of 17 MRSA is found
among HCWs who had 1-3 gowns, 10 of 17 gowns MRSA contamination was seen

among HCWs who change their gowns on weekly basis.

Most of the MRSA contamination was observed in 13 out of 17 (76.47%) mobile
phones of HCWs who use their mobile phones during any of their clinical practice.
However, none of these differences is statistically significant (P-value > 0.05) (Table
3.17).

65



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 66

Table 3.17. MRSA contamination level of gowns of HCWs practicing at TASH, CHS, AAU, 2019.

Variables

MRSA Positive No.
(%)

MRSA Negative
No. ( %)

Service year ( n=587)

1-2 years 6 (3.04 %) 191 (96.96 %)
3-4 years 7 (4.43 %) 151 ( 95.57 %)
5-7 years 2 (1.80 %) 109 ( 98.20 %)
8-10 years 0 (0 %) 45 (100 %)
More than 10 years 2 (2.63 %) 74 (97.37 %)
No. of gown you have (n=588)
One 3(3.40 %) 85 (96.60%)
Two 8 (3.46 %) 223 (96.54%)
Three 5 (2.84 %) 171 (97.16%)
Four 1(1.72 %) 57 (98.28%)
Five 0 (0 %) 23 (100 %)
Six or more 0 (0 %) 12 (100 %)
Types of gown (n=588)
Short sleeves 8 (3.82 %) 201 (96. 18%)
Long sleeves 9 (2.66 %) 329 (97.34 %)
Both 0(0%) 41 (100 %)
Frequency of changing gown ( n=
586)
Every day 0 (0 %) 11 (100 %)
Every other day 2 (1.39%) 141 (98. 61%)
Weekly 10 ( 3.54 %) 272 (96.45%)
Every other week 2 (2.02 %) 97 (97.98%)
As required 1 (1.96 %) 50 (98.04%)
Type of mobile phone (n=587)
Ordinary mobile phone 1(1.03 %) 96 (98.97 %)
Smart type mobile phone 15 (3.15 %) 461 (96.85 %)
Both types 1(7.14 %) 13 (92.86 %)
Mobile phone cover ( n=583)
Present 7 (2.52 %) 270 (97.48%)
Absent 9 (2.94 %) 297 (97.06%)

Do you use mobile phone during

clinical practice(n=583)

Yes 13 (3.35 %) 374 (96.65%)
No 1 (0.90%) 110 (99.10%)
Sometimes 2 (2.35 %) 83 (97.65%)
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Mobile phone contamination is higher among HCWs who did not take MRSA training
and the availability of sufficient hand hygiene materials. MRSA contamination is
higher among those HCWs who had no history of surgical intervention and this is

statistically significant (p-value < 0.05) (Table 3.18).

Table 3.18. MRSA contamination level of gowns of HCWs practicing at TASH, CHS, AAU, 2019.

Variables MRSA +ve MRSA -ve
No. (%) No. ( %0)
Training on MRSA (n=585)
Yes 2 (2.85 %) 68 (97.15 %)
No 15 (2.91 %) 500 ( 97.09%)
Availability of guidelines & leaflets for MRSA( n=585)
Present 2 (2.46 %) 79 (97.54%)
Absent 11( 2.54 %) 422 (97.46%)
Do not know 4 (5.63 %) 67 (94.37 %)
Availability of sufficient hand hygiene materials in TASH
(n=586)
Present 7 (3.68 %) 183 ( 96. 32%)
Absent 8 (2.08%) 375 (197. 92%)
Do not know 1(7.69 %) 12 (92. 31%)
History of hospital admission ever ( n=587)
Yes 5 (5.05%) 94 (194. 95%)
No 12 (2.47 %) 472 (97. 43%)
Do not know 0(0%) 4 (100 %)
History of surgical intervention (Last three years) (n=585)*
Yes 6 (8.9%) 61( 91. 10%)
No 11 (2.14 %) 501 (97.86%)
Do not know 0 (0%) 6 (100 %)
Knowledge level of HCWs ( n=587) **
Good 15 (2.98%) 488 (97.02 %)
Poor 2 (2.38 %) 82 (97.62 %)
Attitudes of HCWSs towards MRSA control &
prevention(n=584)
Good 8 (2.51 %) 310 (97.49%)
Poor 9 (3.38 %) 257 (96.62%)
Practice of HCWs towards MRSA control &
prevention(n=582)
Good 8 (2.01 %) 390 (97.99%)
Poor 9 (4.89 %) 175 (95.11%)

*X? 9.9; P value 0.007;**X° 6.08; P-value 0.048
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Moreover, there is no significant difference between the current working department
and the source of information for MRSA /S.aureus with the level of gowns
contamination of HCWs by MRSA (P-value > 0.05).

3.4. MRSA burden: Evidence from nasal colonization of Mother-child pair and
Diabetic patients (stored samples)

S.aureus isolates from the stored samples from the other projects were re-analyzed to
know whether the isolates were methicillin-resistant or not, based on MecA detection.
Accordingly, 70 stored isolates obtained from nasal swabs of 422 diabetic patients
and 212 mother-child pairs (total of 846 swabs ) were retested. Originally in the
previous projects, three MRSA isolates were reported from both groups based on the
cefoxitin disc test, one from the diabetic patient group and two from the mother-child
pairs group. In this Ph.D.work, we have repeated identification and cefoxitin disc tests
and there was 100 % concordance in terms of MRSA detection. This results in an
overall MRSA colonization rate of 0.35 % (3/ 846). All three isolates were MecA
positive. However, one of the Staphylococcus isolate was found to be S.epidermidis on
further identification (MALDI-TOF) methods making the real burden of MRSA
0.24 % (2/846).

Two of the MRSA isolates were from nasal swabs of the mother-child pair group
(only mothers were MRSA positive) and the remaining one is from the diabetic patient
group (Figure 3.8). The burden of MRSA among diabetic patients and mother-child
pairs was 0.236 % (1/422) and 0.235 % (1/424) respectively (Figure 3.7).

The diabetic patient is a 67 years old male patient with type Il diabetes with a
duration of 19 years. The person has uncontrolled blood sugar and diabetic foot ulcer
infection. While the other MRSA nasal colonization is reported from a mother, 36
years with no history of diabetes, renal, or liver diseases, but no MRSA was detected
in her child .
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Figure 3.7. Source of Nasal swabs and MRSA isolation rate among stored isolates of
diabetic patients and mother-child pairs in TASH, CHS, AAU, 2019.

3.5. MRSA Burden: Evidence from various clinical isolates in TASH
We have also collected about 100 S. aureus clinical isolates at TASH microbiology
laboratory and isolates from a diabetic foot ulcer (DFI) infection project (stored
isolates) (the Ph.D. candidate supervises the M.Sc. student of this project). The
majority of the clinical specimen were wound samples ( 63 isolates), followed by 15
isolates from diabetic foot ulcer, 9 isolates from ear discharge, 3 from urine, and 2
from other body fluids. Accordingly, 92 isolates were found to be S.aureus upon
further identification, eight were identified as coagulase-negative Staphylococcus.
Cefoxitin screen also revealed that 23 isolates were found to be MRSA which was
later found to be MecA positive using PCR. However, upon further identification with
MALDI-TOF, two of these isolates were identified as S. hemolyticus and one as S.
epidermidis. Hence the burden of MRSA from these clinical isolates was found to be
21.73 % (20/92).

The highest proportion of MRSA is observed in diabetic foot ulcer isolates, that is 11

out of 15 isolates were found to be MRSA and only four of them were MSSA,

followed by isolates from wound samples (Figure 3.8).
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Figure 3.8. Proportion of MRSA isolates from the various clinical specimens, at
TASH, CHS, AAU,2019.

3.6. Spa Typing of S. aureus isolates at TASH, CHS, AAU

A total of 307 S.aureus isolates were characterized for spa typing both from the
isolates from the prospective study and stored isolates following amplification of spa
gene ( Figure 3.9) and by analyzing the spa gene sequences ( Figure 3.10).
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SPA KASSU D PLATENO.3,B1TO D4, 31.07.19

Figure 3.9. Spa gene bands after PCR amplification and electrophoresis of the
amplified products . Image was taken by BIORAD imaging instrument. MM stands
for molecular markers of 100 to 1000 bps, the letters from B 1 to D4 is PCR products
for Spa genes of the S. aureus isolates, NCTC is a positive control with known Spa

type and NC is a negative control where it contains supermix with DDH,0.
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Figure 3.10 . Spa sequence obtained from an amplified Spa gene using conventional
PCR protocol.

Among 189 S.aureus isolates from nasal swabs of HCWs and administrative staff,
Mobile phones of HCWs, and administrative staff and gowns of HCWSs, 131 spa types
were produced based on the spa sequence. Among these, 42 spa types (32.06 %) were
detected in two or more frequencies, while 89 of them (67.94 %) observed in
singleton. Among 42 spa types again, 20 of them (47.61 %) occurred with a frequency
of two, six of them (t701, 11828, t080, 12235, t2302, and t14805) occurred in three
times each, another six spa types (t314, t 380, t3841, t11375, t5338 and t14350)
occurred each with a frequency of four. Spa types t062, t318, and t937 happened five
times each. Spa type 693 was observed seven times. The most frequent spa types in
this study aret355 which are observed 23 times, followed by t223, t085, t131, and t003
which are observed with a frequency of , 20 times, 19 times, 13 times and 12 times

respectively ( Table 3.19).
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Table 3.19. Summary of spa types for the various S, aureus isolates at TASH, CHS,

AAU,2019

Spa type No. Spa type | No. Spa type | No. Spatype | No.
t003 12 11511 1 t306 2 1604 1
1018 2 1152 1 t309 2 1605 2
t045 1 115273 1 1311 1 1619 1
1062 5 115597 1 1314 4 16218 2
1064 2 11564 1 13160 1 1643 1
t065 1 115778 1 t318 5 1645 2
1080 3 11594 1 13343 16762 1
1084 1 116342 1 t355 23 16827 1
t085 19 t164 1 13638 2 1693 7
1103 1 116489 1 t380 4 t701 3
110369 1 116999 1 t3841 t711 1
110397 1 11781 1 14019 1 17692 2
11096 1 117939 1 t4038 2 17944 1
111219 1 118187 1 14326 1 t7979 1
111375 4 11828 3 1433 1 18221 1
111602 2 118473 1 1434 1 18506 2
11172 1 t186 2 14393 1 18529 1
11234 2 11916 1 1454 1 18604 1
112531 1 12078 1 t458 2 18805 1
112913 1 12091 1 14822 1 18807 1
113078 1 121112 1 14949 1 1903 1
1131 13 12163 1 15045 2 1937 5
113166 1 12216 1 15224 1 19411 1
113377 1 t223 20 1528 1 19476 2
11339 1 12235 3 15282 1 19606 1
113682 1 12302 3 15338 4 1995 2
113866 1 12343 1 t538 1 1604 1
11399 1 12376 1 15393 1

114193 1 12383 1 15456 2

11421 1 12597 1 15469 1

114350 4 1272 1 15569 1

11476 1 12779 1 15636 1

114805 3 12845 1 t5639 2

114879 1 12955 1 15804 1

11509 1 1304 1 15999 1
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From 131 spa types, 28 unique spa types were seen only from HCWs nasal swabs all
except one ( t5045) found in single case. Similarly, 14 unique spa types from HCWs
gowns, 9 from HCWs mobile phones,13 from nasal swabs of administrative staff, and
6 from administrative staff mobile phones were observed. The remaining spa is found
in two or more frequencies at least in a combination of sources mentioned above
(HCW nasal, gowns, mobile phone, administrative staff nasal, and mobile phones)
Likewise from 118 isolates from clinical samples (diabetic foot ulcer infection and
other clinical sources), isolates from nasal swabs of mother-child pairs and diabetic
patients, 74 spa types were deduced. Accordingly, 43 unique spa types were seen
among clinical isolates in general. Seven unique spa types ( t11618, 11458,
t3342,t5091,t548,t6076, and t8614) seen from nasal swab of baby, six from maternal
nasal swabs (12383, t3341, t359, t558, t704, t9606), four from diabetic foot ulcers
(t11375, 11234, 1619, t7944) and only two spa types ( 11997, t3608) seen from nasal
swabs of diabetic patients. The remaining 31 isolates were found in two or more
frequencies.

Spa type t355 are the most frequently seen that that occurred 19 times, followed by
t085, which occurred 7 times, t131 and t223 observed 6 times each; spa type t701
occurred 3 times and t062, t064, t084, t14350, t306, t314, 1645, and t693 observed 2
times each ( Table 3.20).
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Table 3.20. Spa distribution of stored isolates (Clinical/ Diabetic foot ulcers, nasal swab

of diabetic patients and mother-child pair ) of S.aureus.

Spa type Frequency | Spatype | Frequency | Spa type Frequency
118187 1 t2779 1 1643 1
t045 1 t304 1 t645 2
t062 2 t306 2 16827 1
t064 2 t309 1 t693 2
t084 2 t314 2 t701 3
t085 7 t318 1 t704 1
t10369 1 t3341 1 t7944 1
t1096 1 t3343 1 18221 1
111375 1 t355 19 t8506 1
111618 1 t359 1 18614 1
11234 1 t3608 1 t8805 1
112913 1 t3638 1 t9606 1
t131 6 t3841 1

t1339 1 t019 1

113682 1 t4028 1

11399 1 t4038 1

114350 2 t433 1

11458 1 t434 1

t1476 1 t4393 1

t1509 1 t454 1

t1564 1 t458 1

t5778 1 t4805 1

11823 1 t5091 1

11828 1 t5338 1

t186 1 t5393 1

t1997 1 t5469 1

t2091 1 t548 1

t223 6 t605 1

t2235 1 t6076 1

t2383 1 t619 1

t272 1 16218 1

Many spa types were reported in this study and significant proportion of them were

also reported for the frist time in Ethiopia. Among theses, t131
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(13x) ,t1234(2x),t318(5x),16218(2x), t693(7x) ,t7692(2x) ,t8506(2x); t937(5x);
t9476(2x) ,t995(2x) are presented from HCWs and administrative staff nasal sabs and
mobile phones and gowns sources. While from ; t131( 6x), t14450(2x) and t,693(2x)
were identified from clinical sources and nasal swabs of pateints. There are also many
spa types which was seen in singleton and resported first time in Ethiopia.

3.6.1. S. aureus Clonal Complex ( CC) deduced from spa software

The spa software can also estimate the clonal complex group of S.aureus with
particular spa types. Hence 72 spa types data are generated and 12 clonal complexes
(CCs) were also deduced (Figure 3.6). CC 15 and CC 22 group is the most frequent
clonal complex each accounts for 20 S. aureus isolates. Clonal complex 5 (CC5) are

the second most abundant clones (Figure 3.11).
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Figure 3.11. Frequency of Clonal complex of S.aureus isolates deduced from spa
typing, TASH, CHS, AAU, 2019

Similarly, Spa CC is were also deduced from 74 spa types observed from various
mixed clinical isolates and nasal swabs of mother-child pair and diabetic patients
using spa software, and 11 spa CCs were generated the most frequent one is CC 15
observed 9 times, CC22 seen in 7 times, CC5 and CC8 seen 2 times each and CC12,
CC30, CC80, CC88, CC 121, CC152 and CC1633 are observed one time each which
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is more or less similar from spa CC seen from nasal, mobile phones and gown isolates

except CC225 is seen only in this group and CC 1633 seen among the clinical isolates.

3.7. Panton-Valentine leukocidin (PVL) Status of S. aureus Isolates

We have determined whether the isolated Staphylococcus strains are carrying PVL
gene or not following amplification of pvl gene using the described PCR protocols
( Figure 3.12).

PVL KASSSU D, BSMS, ENGLAND, PLATE 1, 07.08.19, C1 TO E4( N198G TO N316 M)

Figure 3.12. Gel band image for PCR result of PVL gene. Letter MM is for molecular
markers , C1 to E4 is S.aureus tested for PVL gene, MRSA is a negative control and

NCTC is positive control for pvl .

Accordingly, pvl data were available for 336 strains from different sources including
124 from nasal, 114 clinical, 51 mobile, and 47 from HCW’s gowns (Figure 3.13).
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One hundred seventy-eight isolates harbour PVL genes accounting for 53 % of the

total isolates. The remaining are PVL negative.

51
47

19 29

Clinical Source HCWs gown Mobile Phones Nasal Source

proportion of PVL positive S taphylocoous strains , blue are positive and red are total
no. of isolates from each sources

Figure 3.13, PVL status of Staphylococcus strains isolated from various sources,
TASH, CHS, AAU

Statistically, significant differences have been observed concerning PVL status with
the source of S.aureus isolates ( P-value < 0.05, data not shown). In addition, 78
strains were MRSA positive, and from this, 57 were PVL positive and out of 258
MSSA, 121 are PVL positive, there is also a significant difference between PVL gene
carriage with MRSA status ( P-value < 0.05).SPAtypes, t355, t085, t131, t693, t318,
t223 are the most frequent spa types which were PVL positive with PVL ratio of 13/
23 (56.5%) , 9/19 (47.4 %) , 8/13 (61.5%), 5/7 (71.4 %) , 4/5 (80%), 5/20 (25 %)

respectively .

3.8. Multi Locus Sequence Typing (MLST) of S. aureus isolates

A total of 52 S. aureus isolates were analyzed for Multi Locus Sequence Typing
(MLST) using amplification and detection of all the seven housekeeping genes (arcC,
aroE, glpF, gmk, pta, tpi, yqi) including one MRSA control strain (MRSA 258)
( Figure 3.14).
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A1 B1

ADM318M

M111N

E4

Figure 3.14. Representative gel image for the presence of the seven hose keeping
genes of S. aureus. MM is for molecular marker, A1,B1,C1,D1,E1,F1,G1 is band
showing the amplification of arcC, aroE, glpF, gmk, pta, tpi, and ygiL gene for
S.aureus isolates tested for pvl genes A2 to G2;, A3 to G3 and A4 to G4 represent
one three different isolates for the seven MLST genes

Accordingly, the isolates were grouped into 31 sequence types (ST). ST 152 is the

most dominant ST accounting 20.3 % (11/ 54) followed by ST 4666, ST 5, and ST
744 each accounted 5.55 % (3/54 for each three sequences) respectively (Table 3.21).
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Table 3.21.MLST Sequence types for the various S. aureus isolates at TASH, CHS, AAU, 2019

Source Ssource
CODE sample persons MRSA | arcC AroE glpF Gmk Pta Tpi Yqi SST CcC
N174N + | Nasal HCW MRSA| 46 75 6 66 635 240 750 152 0
M139N + | Nasal HCW MRSA| 263 75 49 66 289 170E 60 152 0
M11NDN+| Nasal HCW MRSA| EM7 6 149 5 EMS8 8 EMG60 4225 2
M111N Nasal HCW MSSA| EM7 6 EM1 EMS5 EMS8 352 6 22 2
M156G Gown HCW MSSA| 1EM 601 EM149 | 72 EM12 EMA45 EM10 744 5
M159G Gown HCW MSSA| 27 511 437 70 462 29 11 204 97
M173G + | Gown HCW MRSA| EM1 EM4 EM1 EMA4 EM12 495 10 5 5
M106G Gown HCW MSSA| EM13 13 744 354 206 EM29 13 1886
Ans 19G Gown HCW MSSA| EM46 75 49 44 EM13 EMA445 | EMG60 152 0
N157G Gown HCW MSSA| EM6 5 6 281 EM7 CM240 | 368 51 0
N88G Gown HCW MSSA| EM46 75 49 44 661 349 60 152 0
N295G Gown HCW MSSA| EM1 123 149 23 289 445 11 12 0
N303G DP| Gown HCW MSSA| 90 386 19 288 525 445 32 290 0
M137M Mobile HCW MSSA| 60 601 EM149 | 72 12 EM1 EM10 744 5
M36MDN | Mobile HCW MSSA| 584 854 721 48 195 218 37 190 0
M36M Mobile HCW MSSA| 556 75 49 44 EM13 445 EM60 4666 0
MO04M Mobile HCW EM1 822 391 169 12 445 755 5 5
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MSSA
M144M Mobile HCW MSSA| EM7 6 149 5 EMS8 EM8 EM60 4225 2
M129M Mobile HCW MSSA| CM456 601 70 84 CM437 | CM349 | EM10 874 5
ADMIN
ADM318M Mobile STAFF MSSA| EM46 75 49 44 617 170 EM60 5027 0
ICL70DN | Clinical Pateint MSSA| EM3 696 149 155 64 497 3 449 8
ICL76DN | Clinical Pateint MRSA| 64 532 149 279 EM64 EM4 EM3 449 8
ICL75DN | Clinical Pateint MSSA| 46 75 49 44 13 68 EMG60 152 0
ICL72DN | Clinical Pateint MSSA| EM46 75 49 44 EM13 EMG68 60 152 0
ICL51DN | Clinical Pateint MSSA| 46 75 49 44 EM13 68 EMG60 152 0
IL35DN Clinical Pateint MSSA| 698 75 212 44 13 EMG68 EMG60 1633 0
ICL77DN | Clinical Pateint MSSA| 46 75 212 44 EM13 EMG68 60 1633 0
ICL69DN | Clinical Pateint MSSA| 606 13 EM149 | 279 559 11 13 1972
ICL69UP | Clinical Pateint MSSA| EM13 EM13 EM1 279 559 538 13 4744 0
Standards| Standd

MRSA train strain RSA | 2 518 2 281 EM3 EM3 EM2 3674
DFI27M DFU Patient MRSA| EM46 75 49 44 EM13 EM68 EM60 152 0
DF145M DFU Patient MRSA| CM14 EM1 532 EM10 EM11 51 EM10 80 0
DF1102 DFU Patient MRSA| 9 1 4 279 EM13 EM5 4 25 97
DFI178 DFU Patient MSSA | 46 655 6 279 289 240 11 489 0
DF143M DFU Patient MRSA | EM1 532 149 14 EM11 EM51 EM10 80 0
197M Nasal Mother MSSA | 314 3 299 279 EM12 EM11 EM13 2434
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143MDN | Nasal Mother MRSA| EM1 601 149 4 EM12 495 10 5 5
83B Nasal Baby MSSA| 556 49 44 EM13 EM68 EM60 4666 0
3M Nasal Mother MSSA| EM3 1 EM149 | 279 EM1 EM5 EM60 97 97
30M Nasal Mother MSSA| EM7 6 722 5 EM8 EM8 EM60 21 2
139M Nasal Mother MSSA| EM22 1 14 23 462 EM4 EM31 88 0
97M Nasal Mother MSSA| 556 75 49 44 13 EMG68 EM60 4666 0
114M Nasal Mother MSSA| 598 75 49 CM65 13 EMG68 EM60 152 0
Y50 Clinical Patient MSSA| 3 532 EM149 | 279 EM4 EM4 3 3781 8
Y33 Clinical Patient MSSA| 46 75 49 44 EM13 EM1 EMG60 152 0
Y27+ Clinical Patient MRSA| EM12 601 EM149 | 72 12 EM1 EM10 6 5
Y71+ Clinical Patient MRSA| EM4 696 EM149 | 279 EM11 72 EM11 672 0
Y35 Clinical Patient MSSA| EM13 13 EM149 | 279 EM12 EM11 EM13 1972 15
Y73 Clinical Patient MSSA| EM1 601 49 72 EM12 EM1 EM10 744 5
Y75 Clinical Patient MSSA| EM13 3 348 279 EM12 EM11 524 15

Y79 Clinical Patient MSSA| EM22 1 14 23 EM12 EM4 EM31 88 0
26D + Clinical Patient MRSA| 4 75 49 44 289 EM240 | EM60 152 0
224D Clinical Patient MSSA| 435 75 49 4 M M283 M60 722 0
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Among the 54 isolates, 24 % (13/ 54) were MRSA and 4 of them belonged to ST 152,
two each belong to ST 5 and 80, one MRSA strain is MRSA 258 control strain that
belongs to ST 3674. One MRSA strain each belongs to ST 6, ST 449, ST 672, and ST
4225 respectively.

The 54 MLST STs are characterized from 25 clinical isolates, 1 control strain, 9 from
isolates of gowns, 7 of them were from isolates from a mobile phone, and 12 nasal
swabs of HCWs and Mother-child pair nasal specimens.

There is a marked difference in the STs of the 52 isolates with in source sample. The
clinical source consists of 24 strains while nasal, gown, and mobile source includes
12,9, and 7 strains respectively (Table 3.22).
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Table 3. 22. Summary of MLST sequences according to the source of S.aureus ,
2019

MLST ST summary with source sample, + denote MRSA

Clinical Nasal Gown | Mobile phone

6 5 5 )

15 21 12 190

25" 22 51 744

80" 88 152 874

80* 97 152 4225

88 152" 204 4666
152 152 290 5027

152 152° 744

152° 2434 1886

152 4225°

152 4666

152+ 4666

449+

449

489

672"

744

1633

1633

1972

1972

3781

3781

4744 NB: + sign indicates the

isolates are MRSA

Similar to the spa software, the MLST database generated the possible clonal
complex of the sequence types (STs). Based on this fact, 24 CCs have been found and

thirty of them are not generated for the respective CCs.

84



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 85

Clonal complex 5 (CC5) are the most frequent clones that account for 33.3 % (8/24) of
the total CCs produced. CC 15 is the second most prevalent clones and CC 30
occurred the least in a single strain (Figure 3.15).

Seven CCs are MRSA and three of them belong to CC 5 and one each CC belongs to
CC 22, CC8, CC 97, and CC30 where all are MRSA strains. Interestingly, all five
S.aureus strains belongs to CC 15 are MSSA.

SIS

-

CC5 CC8 CC15 CC22 CC30 CcC97

Frequency and Clonal Complex (CC) type generated from MLST data

Figure 3.15. Clonal complex (CCs) of S aureus isolates generated from MLST

sequence type

Clonal complex 5 comprises 8 sequence types (STs) namely ST5 (4 times), ST6,
ST744 (2 times), and ST 874. Among CC5 three of them are MRSA strains isolated
from a nasal swab of a mother, one clinical wound sample and more interestingly
gown sample from a medical doctor.

CC 15 consists of 5 STs including ST15 itself, ST1886, ST 1972 (2 times), and ST
2434 where all do not contain MRSA strains. The strains are isolated from clinical
samples, nasal samples of a mother, and gowns of HCW. CC 22 involves 4 STs ( ST
22, 4225 with frequency of 2 and ST 21 ) .One of ST 4225 contains MRSA strains
isolated from the nasal swab of a medical doctor while the other one is MSSA but
isolated from the mobile phone of a medical doctor.CC8 includes 3 STs including
ST449 that happened 2 times and ST3781. All are isolated from clinical samples and
one of the ST449 is MRSA strain. The last CC 97 has also 3 STs comprising ST 97
itself, ST204, and ST 25. Only ST 25 harbour MRSA strain isolated from diabetic foot
ulcer sample.
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In addition, 7 MRSA strains belong to 3 STs without having CC. ST 152 includes 4
MRSA isolates from two nasal isolates of a nurse and medical doctor, one isolate from
diabetic foot ulcers, and one from a wound sample. ST 80 has 2 MRSA strains both
were isolated from diabetic foot ulcer patients. While ST 672 has a single MRSA
strain from the clinical sample.

The remaining isolates were MSSA that falls with different STs including 7 of them
in ST152, 3 of them in ST 4666, 2 of each under ST 1633 and ST88. ST
12,51,190,290,489,3722,4744 and 5027 contains single MSSA strains from nasal,

clinical, gowns and mobile phones.

3.9. Comparison of the MLST allele sequences for up and downstream sequence

We have compared the upstream and downstream alleles sequences of MLST genes.
After PCR product cleaning of each MLST gene, sequencing was done for the two
primers separately. Twelve S. aureus isolates were compared and 2 out of 12 isolates
(16.67 %) have a difference in the overall MLST sequence type while 10 isolates

(83.33%) have the same sequence types and clonal complex if it exists ( Table 3.23).
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Table 3.23.Comparison of allele sequence for down and upstream sequences for S. aureus

isolates, 2019

Code Source of MLST Alleles and sequence type / clonal complex

isolate

Arc | AroE | glpF Gmk | Pta Tpi Yqi ST CC

M173GDN 1 601 149 4 EM12 | 495 EM10 |5
M173G+UP | Gown EM1 |EM4 |EM1 EM4 | EM12 | 495 10 5
M36MDN 584 854 721 48 195 218 37 90
M36M UP Mobile | 556 5 49 44 EM13 | 445 EM60 | 4666
DF143MUP EM1 |532 149 14 EM11 | EM51 | EM10 | 80

Foot
DFI143MDN | ulcers 1 532 287 114 EM11 | EM51 | EM10 | 80
ICL70UP EM3 |EM3 |EM1 EM1 | EM64 | 497 3 449
ICL70DN Clinical | EM3 | 696 149 155 64 497 3 449
ICL76UP EM3 |EM3 |EM1 EM1 | EM64 | 497 76 449
ICL76DN Clinical | 64 32 149 279 EM64 | EM4 | EM3 | 449
ICL75UP Clinical | EM46 | EM5 | 49 EM44 | 13 532 60 152
ICL75DN 46 5 49 44 13 68 EM60 | 152
ICL77UP EM46 | 75 EM212 | 44 EM13 | 68 60 1633
ICL77DN Clinical | 46 75 212 44 EM13 | EM68 | 60 1633
ICL72UP 46 75 49 44 EM13 | 68 60 52
ICL72DN Clinical | EM46 | 75 49 44 EM13 | EM68 | 60 152
ICL69UP Clinical | EM13 | EM13 | EM1 279 559 538 13 4744
ICL69DN 606 13 EM149 | 279 559 11 13 1972 5
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ICL51UP EM46 | EM75 | EM49 EM44 | EM13 | 68 60 152 0

ICL51DN Clinical | 46 75 49 44 EM13 | 68 EM60 | 152 0

ICL35UP 698 EM75 | EM212 4 13 209 60 1633 | 0

ICL35DN Clinical | 698 75 212 44 13 EM68 | EM60 | 1633 |0

143MUP EM1 EMA4 EM1 EM4 EM12 | 495 10 5 5
Nasal

143MDN Mother EM1 601 149 4 EM12 | 495 10 5 5

EM : Exact match

3.10. Evolutionary relationships of S. aureus strains using 16S rRNA based
phylogenetics

3.10.1. Phylogenetic analysis

Evolutionary relationships among S. aureus strains were determined using 16S rRNA
sequence comparisons, which represented the state of the art for the characterization of
prokaryotes. Through the NCBI database, 22 closely related strains with the
recommended sequence identity (> 98.7%) were retrieved from the BLASTn query.
The evolutionary lineage is represented by a consensus tree inferred from 1000
replicates to increase the accuracy and reliability of the results (Fig 3.16). A
bootstrapping percentage (BP) for each node was computed from the replicates. The
final topology with the superior log likelihood value was selected. To improve
visualization of the phylogenetic tree and clustering among lineages, the consensus
tree was constructed using an outgroup. The final tree consisted of 41 nucleotide

sequences.

Based on the phylogenetic tree, five operational clusters were identified. Cluster A
comprised 16S rRNA partial sequences of strain LAH-K8 and LAH-29, isolated from
the gown and a nasal swab of a health care worker along with S. aureus strain ATCC
12600 and several species of Staphylococcus spp. isolated mostly from human skin,
nose, and specimens as well as animal skin, nose, and feces. Within the group, the

monophylogy of LAH-K29 and S. simiae was well supported (BP=36).

Cluster B consisted of most strains identified from the current study along with S.
aureus subsp. anaerobius and S. aureus strain NBRC 100910 previously isolated from

an abscess in sheep and pleural fluid of a patient, respectively. The cluster was poorly
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supported (BP=6). One strain, DF43m-3 isolated from a foot ulcer of a diabetic patient
was basally positioned. LAH-K60 and TASH-1 isolated from wound swab constituted
cluster C (BP=22). The strains were closely related to cluster B. Partial sequence of
LAH-K60 isolated from a nasal swab of a health care worker along with S. aureus
strain S33R from pleural fluid of a tuberculosis patient were assigned to Cluster D
(BP=34). Partial 16S rRNA sequence of LAH-K63 isolated from wound swab was
grouped separately as cluster E. Generally, except LAH-K63, most strains were poorly

separated in the phylogeny.
Staphylococcus petrasii subsp. pragensis strain CCM 8529|Sermen

Staphylococcus petrasii strain CCM 84138|Blood
Staphylococcus haemolyticus strain JOM 241 6|Human skin
Staphylococcus hasmolyticus strain SM 131|Human skin
Staphylococcus hominis strain DM 1 22| Human skin

Staphylococcus stepanovicll strain 19alAmimal skin fur jaeces
Staphylococcus scivri strain DSM 2034 5|Animal skin
Staphylococcus pettenkofert strain B3117|Blood
Staphylococcus warneri strain AW 25| Human skin
Staphylococcus pasteur! strain ATCC 51129|Human vomit

Staphylococcus caprae strain ATCC 35538|Goat milk
Staphylococcus epidermidis strain NERC 10091 1 |Animal nose
Staphylococcus epidermidis strain Fussel|Nose
LAH-K8& (partial 57)|Gown
— Staphylococcus simiae CCM 721 3|\ Monkey faeces
3 L LAH-E29 fpartial 59)|Nasal swab
Staphylococcus aurens strain ATCC 1 2600\ Pleural fluid
DFI43m-3| Diabetic foof wicer
2 Staphylococcus qurens subsp. anaerobiuz strain MVF-7|Abscess in 3

a LAH-ES53|Wound swab

0 LAH-Ka2|Wound swab

— LAH-K38|Gown
2 LAH-KI2|Nasal swab

L LAH-KE42|Mobile phone

23| 2 i) LAH-KE&5| Nasal swab
LAH-K51|Wound swab

2 LAH-K48| Nasal swab

2 LAH-K58|Nasal swab
LAH-ES0|Gown
= o LAH-K55|Nasal swab
L Staphylococcus aureus strain NBRC 10091 0| Pleural fluid

— TASH-i|Wound swab
22— LAH-Ea0|Wound swab
— Staphylococcus aurens strain 333 R| Pleural fluid
3L LAH-E4d (partial 57)|Nasal swab
LAH-Ka3 (partial 54)|Wound swab
Clostridium argentinense strain ATCC 27322

Figure 3.16. Evolutionary relationships among S. aureus strains that were determined using
16S rRNA sequence comparisons with sequences from NCBI database, 22 closely related

strains with the recommended sequence identity (= 98.7%) were retrieved from BLASTn

query.
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Staphylococcus petrasii subsp. croceilyticus strain MCCI0046| Ear sw

Staphylococcus saprophyticis subsp. saprophyticis ATCC 15305|Uring
Staphylococcus succinus subsp. succinus strain AMG-D1 | Plant and sof inclusions
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3.10.2. Comparison of Whole Genome Sequence data (WGS)

Whole-genome comparison was also done using the average nucleotide identity
(ANIb %) calculated with JSpeciesWS (Richter et al., 2016).
Accordingly, LAH-K12, K55, and K63 had a high sequence identity (99.9%) with S.
aureus strain BB155 isolated from the nasal carriage (Table 3.24). Moreover, several

showed high similarity with S. aureus strains identified from blood and wound

infections.

Table 3.24. Average nucleotide identity of genomes aligned with identified S.

aureus strains

Aligned Source
Strain S. aureus strain ANIb [%0] Aligned [%] | Accession
LAH-K8 NG GHAG Wound 99.92 96.38 CP043918.1
LAH-K12 NN BB155 Nasal carriage 99.95 97.39 LN854556.1
LAH-K29 MN BB155 Nasal carriage 99.97 97.46 LN854556.2
LAH-K38MG FORC_027* Blood 99.86 94.98 CP012692.1
LAH-K42MM ITR-R Blood-endocarditis 99.92 96.51 CP028470.1
LAH-K46NN* 45 Blood-bacteremia 99.87 94.46 CP022718.1
LAH-K48ADN NRS271 Wound 99.76 96.24 CP026064.1
Skin and soft tissue
LAH-K50PG GHA3 infections 97.54 93.85 CP043921.1
LAH-K51DFI* | GR2 Swab-colonization 99.96 96.64 CP010402.1
LAH-K53DFI* | ATCC6538 Lesion 99.87 95.65 CP020020.1
LAH-K55ADN | BB155 Nasal carriage 99.96 97.61 LN854556.1
LAH-K58ADN* | NCTC13616* Blood-septicemia 99.82 97.15 LR134193.1
LAH-K60 pleural fluid
CL*W ATCC12600 99.81 92.33 CP035101.1
LAH-K62CL 55-99-44 Blood-bacteremia 99.96 96.6 CP024998.1
LAH-K63CL BB155 Nasal carriage 99.9 95.89 LN854556.1
LAH-K65MN* | PS00001.3 Environment 99.82 96.75 CP030452.1
hip prosthesis
TASH-1 CL* ST20130941 infection 99.91 94.09 CP012978.1
abscess on lower
DFI143m-3DFI* | 11819-97 extremity 99.93 97.04 CP003194.1

- *Methillin-resistant Staphylococcus aureus
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3.11. Knowledge, Attitudes, and Practice of HCWs for control and

Prevention of MRSA in TASH

3.11.1. Knowledge of HCWs towards MRSA prevention and control in TASH
During data collection, we had distributed 600 questionnaires and 586 HCWSs
responded. Among 586 HCWs in TASH, 58.6 % (343/586) have correctly responded
that proper hand hygiene is the most important and effective measure for transmission
of MRSA infection. However, only 44.3 % (258 /583) HCWs correctly responded
that mupirocin is the available drug for the decolonization of patients with MRSA
(Nasal) (Table 3.25).
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Table 3.25 Knowledge of HCWs at TASH towards MRSA prevention and control, 2019

Knowledge Question with response Frequency | Percent

1 The most important and effective measure to prevent transmission of
MRSA infection is (n=586)

1.Use of prophylactic drugs 36 6.1
2.Environmental Hygiene 207 35.3
3.Proper Hand hygiene 343 58.6
2. What is MRSA ( Methicillin resistant Staphylococcus aureus) n=585
A. Staphylococcus aureus swhich is resistant to Methicilin drug alone 229 39.1
B. Staphylococcus aureus which is resistant at least to penicillin 51.1
&cephalosporions groups 299
C. Staphylococcus aureus which is sensitive to all drugs 57 9.8

3. MRSA could be transmitted from health care personnel to patients

(n=583)
1.Correct 532 91.3
2.Incorrect 51 8.7
4. Clean hands protect MRSA related illness in health care institutions
(n=587)
A.Correct 521 88.8
B. Incorrect 66 11.2

5. Hand washing practice does not help to interrupt transmission of
MRSA in hospital set up (n= 584)

A.Correct 65 11.1

B. Incorrect 519 88.9

6. It is not fair to decolonize MRSA carrying patients
before Surgical procedures (n=581)

A. Correct 135 23.2

B. Incorrect 446 76.8

7. Contaminated hands , cell phone and gowns can carry MRSA and or

other germs and be transmitted to patients (n= 581)

A.Correct 546 94

B. Incorrect 35 6.0

8. If TASH plan decolonization of patients with MRSA ( Nasal) which

drugs is more appropriate (n= 583)

A.Hot water bath 238 40.3
B. Mupirocin 258 44.3
C.TTC Ointment 87 14.9

92




Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 93

The average knowledge score of HCWSs was calculated from 8 knowledge questions
and considering a cut of 60 % and above as having good knowledge. With this regard,
more than 85.5 % (503/587) had good knowledge while 14.3 % (84/587) had poor
knowledge about MRSA prevention and control.

Our data also showed that there is a significant difference between sex, HCW'’s
professional category, and level of education with overall knowledge score, p-value <
0.05) (Table 3.26).
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Table 3.26. Overall Knowledge score of HCWs with Socio-demographic data at TASH, 2019,

Addis Ababa, Ethiopia, 2019

Overall Knowledge status of HCWs

Variables Good knowledge Poor knowledge no. X? pvalue OR (CI)
no. (%) (%)
Sex (n=579)
Male 222 (38.34 %) 19 (3.28 %) 12.2,0.000, 2.57(1.49-4.43)
Female | 277 (47.84 %) 61 (10.53 %)

Age group (n=573)

20-26 Years 387 (67.53 %) 54 (9.42 %)
27-33 Years 68 (11.86 %) 16 (2.79 %) 2.96; 0.397
34-40 Years 18 (3.14 %) 3(0,52 %)
> 41 Years 24 (4.18 %) 3 (0.52 %)
Marital status ( 585)
Married 297 (50.76 %) 47 (8.03 %) 0.419; 0,811
Single 200(34.18 %) 36 (6.15 %)
Divorced 4(0.68 %) 1(0.17 %)
Profession (n=587)
Medical doctor 161(27.42 %) 6 (1.02 %)
Nurse 230 (39.18 %) 59 (10.05 %) 28.29; 0.000
MedicalLaboratory personnel | 29 (4.94 %) 7(1.19 %)
Pharmacy personnel 28 (4.77 %) 1(0.17 %)
Others 55 (9.36 %) 11 (1.87 %)
Educational
category(n=585)
Diploma 6 (1.02 %) 0 (0 %) 30.05; 0.000
BSc Degree 293 (50.08 %) 75 (12.82 %)
Medical doctor 53 (9.05 %) 3 (0.51 %)
MSc 36 (6.15 %) 3(0.51 %)
Specialty certificate 109 (18.63 %) 3 (0.51 %)
Others 4 (0.68 %) 0 (0%)
Work experience (n=586)
1-2 Years 172 (29.35 %) 25 (4.26 %) 4.66; 0.323
3-4 Years 134 (22.86 %) 24 (4.09 %)
5-7 Years 96 ( 16.38 %) 15 ( 2.55 %)
8-10 Years 34 (5.80 %) 11(1.87 %)
More than 10 Years 66 (11.26 %) 9 (1.53 %)

In addition, HCWs mobile phone types, use of the mobile phone during actual clinical

practice, and frequency of changing gown are significantly associated with the overall
knowledge score of HCWs (p-value < 0.05 ( Table 3.27, Appendix XII).

94




Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 95

The overall knowledge score of HCWs in TASH is significantly associated with the
source of information for MRSA, whether HCWs took MRSA-related training,
availability of hand hygiene materials in TASH, and other variables as depicted in the
table below ( Table 3.28, Appendix XIllI), all with a p-value of < 0.05.

There is also a significant difference between the overall knowledge score of HCWs
in TASH with a history of surgical intervention for the previous one year and the
current working department in TASH p-value < 0.05 (data not shown).

3.11.2. Attitude of HCWs towards MRSA prevention and control at TASH, 2019

The majority of HCWs in TASH have agreed generally on the importance of a
system-wide approach to preventing MRSA in the hospital (95.2 %, 542/ 582). More
than 91.9 % of HCWs (559/ 585) agreed that HCWs can carry MRSA and could
transmit the infection to patients. A high number of HCWs in TASH, 28.8 % (168 /
583) agreed that frequent hand hygiene causes irritation of hands and does not halt
MRSA transmission (Table 3.29).

Over 72.9 % of HCWs (426/ 584) have agreed ( strongly and agree) that safety
measures taken by HCWs can minimize the MRSA rate in a hospital ( n= 426/584).
Table 3.29, below shows a summary of the attitude of HCWs towards MRSA

prevention and control.
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Table 3.29. Attitude of HCWSs towards MRSA prevention and control at TASH, 201 9

Attitudes questions Strongly agree, | Agree Neutral | Disagree Very strongly
N, (%) N,( %) N, (%) | N, (%) agree N, (%)

1. System wide approach about | 438 (75.3 104 13(2.2) | 14 (2.4) 13 (2.2)

MRSA prevention is important in (17.9)

TASH (n=582)

2. Health care workers can carry | 372 (63.6) 187 15 (2.6) | 10 (1.7) 1(0.2)

MRSA and they could transmit it to (32.0)

patients during handling in the

hospitals? (n= 585)

3. Adherence of health care | 300 (51.6) 234 25(4.3) | 14 (2.4) 8 (1.4)

workers on personal protective (40.3)

devices (PPD) is key factors for

control of MRSA related illness /

infection? (n=581)

4. Use of frequent hand hygiene 71(12.2) 97(16.6) | 55(9.4) | 223(38.3) | 137(23.5)

could causes irritation on hands and

does not halt MRSA transmission

(n=583)

5. All health care workers should | 282 (48.5) 224 36 (6.2) | 26 (4.5) 13 (2.2)

be screened for MRSA colonization (38.6)

during outbreak condition (n=581)

6. Cell phone and gown could carry | 312 (53.5) 231 17(2.9) | 15(2.6) 8(1.4)

MRSA and it can be a source of (39.6)

infection (n=583)

7. Health care personnel who is | 261 (44.7) 239 46 (7.9) | 26 (4.5) 12 (2.1)

colonized with MRSA should be (40.9)

decolonized before Patient

contact (n=584)

8. . If health care workers had | 81 (13.9) 210 109 115(19.8) | 66 (11.4)

MRSA in the nares the person can (36.1) (18.8)

involve in  minor  Surgical

intervention (n=581)

9 When “you feel ill” , you should | 64 (11.0) 154 76 (13) | 174 (29.8) | 116 (19.9)

not be isolated from work place. (26.4)

(n=584)

10. Safety measures taken by health | 44 (7.5) 89 (15.2) | 25(4.3) | 194 (33.2) | 232(39.7)

care personnel does not minimize
MRSA rate in a hospital ( n= 584)
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We have summarized the overall attitudes scores with socio-demographic and other
factors in table 3.30, below and 54.68 % of HCWSs in TASH have a good attitude.
There is a significant difference between overall attitude score and sex, professional

category, and educational level (p-value < 0.05) (Table 3.30).
Table3. 30. Overall attitude score of HCWS with Socio-demographic data at TASH, 2019, Addis
Ababa, Ethiopia, 2019

Overall attitude score of HCWs
Variables Good attitude no. (%) | Poor attitude no. X? ; pvalue
(%)
Sex ( n=576)
Male 150 ( 26.04 %) 89 (15.45 %) 10.74, 0.001
Female 165 ( 28.64 %) 172 (29.86 %)
Age group (580)
20-26 Years 237 (40.86 %) 202 (34.82 %)
27-33 Years 50 ( 8.62 %) 33 (5.68 %) 1,79; 0.616
34-40 Years 12 ( 2.06 %) 19 (3.27 %)
> 41 Years 17 (2.93 %) 10 (1.72 %)
Marital status (n=582)
Married 191 ( 32.81 %) 151 ( 25.94 %) 1.1;0.575
Single 123 (21.13 %) 112 (19.24 %)
Divorced 2 (0.34 %) 3 (0.51 %)
Profession (n= 584)
Medical doctor 119 (20.37 %) 47 ( 8.04 %)
Nurse 122 (20.89 %) 166 (28.42 %) 42,49; 0.000
Medical Laboratory personnel 22 (3.76 %) 14 (2.39 %)
Pharmacy personnel 21 ( 3.59 %) 7 (1.19 %)
Others 34 (5.82 %) 32 (5.47 %)
Educational category (n=582)
Diploma 5(0.85 %) 1(0.17 %)
BSc Degree 164 (28.17 %) 202 (134.70 %)
Medical doctor 39 (6.70 %) 17 (2.92 %) 39.65; 0.000
MSc 25 (4.29 %) 14 (2.40 %)
Specialty certificate 80 (13.74 %) 31(/5.32 %)
Others 4 (0.68 %) 0 ( 0%)
Work experience (n=583)
1-2 Years 105 (118.01 %) 92 (15.78 %) 4.03; 0.401
3-4 Years 86 (14.75 %) 71 (12.17 %)
5-7 Years 58 (9.94 %) 51 (8.74 %)
8-10 Years 21 (3.60 %) 24 (4.11 %)
More than 10 Years 48 (8.23 %) 27 (4.63 %)
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Nasal colonization of HCW by MRSA was statistically different between attitudes
question on whether cell phone and gowns could carry MRSA and could be a source
of infection and practice question concerning how frequently wear a mask during
caring and examining patients, (P-value < 0.05).

There is also a significant difference between overall attitude scores with cell phone
types, cell phone cover, frequency of changing gown, use of the mobile phone during

actual clinical practice, p-value,< 0.05 (Table 3.31, Appendix XII).

Similarly, the source of information about MRSA used by HCWs is significantly
associated with overall attitude score with Pearson X 2 of 30.17 and a p-value of 0.00.
Availability of sufficient hand hygiene materials, guidelines, and leaflets about MRSA
with a p-value below 0.05 ( Table 3.32 Appendix XII).

Moreover, there is a significant difference between HCW’s current working
department and overall attitude score about MRSA control and prevention, Pearson
Chi-Square value of 19.71 and p-value of 0.049.

3.11.3. Practice of HCWs towards MRSA prevention and control at TASH

The overall practice of HCWs is summarized in table 3.33 below. Accordingly, only
17.8 % of HCWs (104/583) wash hands before and after patient contact. Likewise,
53.3 % (310/ 582) HCWs very often and or often wear aprons and gowns during
contact with patients. Surprisingly 41.1. % (234/ 581) of HCWs in TASH do not clean

their cell phone and or cell phone cover.
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Table 3.33. Practice of HCWs towards MRSA prevention and control at TASH, 2019

Practice related questions

Never,
n (%)

Seldom
n,(%0)

Sometimes
n, (%)

Often
n, (%)

Very often
n, (%)

1. Wash hands before and
after patient contact (n= 583)

45 (7.7)

49 (8.4)

262 (44.9)

123 (21.1)

104 (17.8)

2. Wear aprons and gowns
during contacts with patients
(n=582).

82 (14.1)

51 (8.8)

139 (23.9)

150 (25.8)

160 (27.5)

3. Wear mask during caring /

examining patients (n=581)

115 (19.8)

114(19.6)

223 (38.4)

79 (13.6)

50 (8.6)

4. Trained hand
hygiene and other personal
protective (PPDs)
methods to prevent MRSA

about

devices

transmission (n=582)

204 (35.1)

74 (12.7)

143 (24.6)

94 (16.2)

67 (11.5)

5. Clean gowns and other
personal
(n=581)

protective devices

26 (4.5)

38 (6.5)

160 (27.5)

230 (39.6)

127 (21.9)

6. Does not clean cell phone
and or cell
(n=581)

phone cover

154 (26.5)

85 (14.6)

218(37.5)

79 (13.6)

45 (7.7)

7. Encourage other staffs to
adhere on cleaning of gowns
and cell
581).

phone/cover (n=

149 (25.6)

97 (16.7)

220 (37.9)

70 (12.0)

45 (7.7)

8.  Consult  appropriate
MRSA
transmission while you had

infection (n=580).

personnel  about

220 (37.9)

82 (14.1)

140 (24.1)

91 (15.7)

47 (8.1)

9. Perform / Request regular

medical checkup (n=582)

254 (43.6)

82 (14.1)

163 (28.0)

58 (10.0)

25 (4.3)

10. Teach families and other
close friends that you might
transmit MRSA and other
them

related infection to

(n=581)

208 (35.8)

89 (15.3)

171 (29.4)

68 (11.7)

45 (7.7)
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The overall practice score has been summarized by considering 50 % score and above
from the total 10 practice-related questions. Therefore, 68.4 % (398/ 582) had good
practice while 31.6 % (184/ 582) of HCWSs had poor practice about MRSA prevention

and control measures in general (Table 3.34).

100



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 101

Table 3.34. Overall practice of HCWS with Socio-demographic data at TASH, 2019.

Variables Overall practice score of HCWSs
Good practice, n ( %) Poor practicen. (%) X? pvalue
Sex (n=574)
Male 153 ( 26.65 %) 87 (15.15 %) 3.93 0.047
Female 239 (41.63 %) 95 (16.55 %)
Marital status (n=580)
Single 231(39.82 %) 109 (18.79 %) 0.29; 0.86
Married 163( 28.10 %) 72 (12.41 %)
Divorced 3(0.51 %) 2 (0.34 %)
Age group( n=568)
20-26 Years 284 (50.0 %) 153 (26.93 %)
27- 33 Years 68 (11.97 %) 15 (2.64 %) 10.35, 0.016
34-40 Years 16 (2.81 %) 5 (0.88 %)
>/=41 Years 20 (3.52 %) 7 (1.23 %)
Profession (n=582)
Medical doctors 87 (14.94 %) 79 (13.57 %)
Nurses 216 ( 37.11 %) 70 (12.02 %) 30.23, 0.000
Medical Laboratory | 29 (4.98 %) 7 (1.20 %)
Personnel
Pharmacy personnel 22 (3.78 %) 6(1.03 %)
Others 44 (7.56 %) 22 (3.78 %)
Education Category
(n=580)
Diploma 5 (0.86 %) 1(0.17%)
Degree 273 (47.06 %) 92 (15.86 %) 26.96, 0.000
Medical Doctor 27 (4.65 %) 28 (4.82 %)
MSc 28 (4.82 %) 10 (1.72 %)
Specialty certificate 62 (10.68 %) 50 (8.62 %)
Others 2 (0.34 %) 2 (0.34 %)
Work experience (n=
581)
1-2 Years 136 (23.40 %) 60 (10.32 %)
3-4 Years 101 (17.38 %) 55 (9.46 %) 5.1; 0.74
5-7 Years 70 (12.04 %) 39 (6.71 %)
8-10 Years 35 (6.02 %) 10 (1.72 %)
> 10 Years 56 (9.63 %) 19 (3.27 %)
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Except for current working departments, others variables are not statistically different

from overall practice scores ( Table 3.35, under annex XII) .

Moreover, there is no significant difference between the overall practice of HCWs
and MRSA training status, type of mobile phone, presence of mobile phone cover or
not, availability of guideline, /leaflets, history of hospital admission, and surgical

intervention .

The overall practice level and overall knowledge level of HCWs tabulated and there
is no significant difference between knowledge score and overall practice score (P-
value > 0.05). However, there is a significant difference concerning a specific question
about handwashing practice does not help to interrupt transmission of MRSA in the
hospital set up and “ If TASH plan decolonization of patients with MRSA ( Nasal)
which drugs is more appropriate “ response is significantly different with overall
practice score ( p value < 0.05).

Cross-tabulation of HCW’s overall knowledge score and attitude score showed there
is a significant association ( Pearson Chi-Square value of 51.6 , p-value 0.00, OR of
6.9 ; 95 % CI : 3.8-12.4). However, there is no significant association between
overall knowledge score and practice score and overall attitude and practice score
among HCWs in TASH P-value > 0.05.
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4.0. CHAPTER FOUR: DISCUSSION

The emergence and dissemination of MRSA across the world underscore that it is one
of the public health concerns (Grundmann et al., 2006, Gould , 2013; Muto et al.,
2003).

Colonized HCWs with MRSA could play a role in the spread of this bug to patients in
the hospital settings and the community at large. HCWs are on the boundary between
the community and hospital visitors hence they could be at increased risk of MRSA
colonization and or infection (Albrich and Harbarth ., 2008, Sax et al., 2007 ).
Accordingly, the carriage rate of MRSA among HCWSs, administrative staff, patients,
and inanimate objects, the molecular types, and their antibiotic susceptibility patterns,

in TASH was determined.

4.1. Isolation and Antimicrobial susceptibility of S. aureus isolates

We have seen a higher rate of S.aureus isolates from nasal swabs of HCWs compared
to administrative staff ( 16.32 % versus 8.97 % respectively) and the same pattern for
S.aureus rate among HCWs mobile phones than administrative staff (6.46 % versus
3.84 % respectively) indicating the HCWSs exposure to patients and the hospital
environment. Previous studies in Ethiopia had a higher rate of nasal colonization with
S.aureus 28.8 % and 20.3 % as reported among HCWs in Dessie referral hospital and
Mekele hospital respectively ( Shibabaw et al., 2014; Gebreyesus et al., 2013).
Another study from Uganda showed 28.8 % S .aureus from nasal swabs of HCWSs in

Kampala international hospital (Abimana et al., 2019). Like wise in Namazi hospital,
Shiraz, Iran S.aureus isolation rate among HCWs nasal swab was 28.7 % ( Askarian et
al., 2008), and 31 % among 200 HCWs of Al Shifa hospital in Gaza strip ( El Aila et
al., 2017). A higher rate of 74.6 % S.aureus colonization was reported from HCWSs
group from Brazilian primary health care units ( Goes et al., 2021). Our S. aureus
isolation rate from nasal swabs of HCWs is a bit higher than previous Ethiopian study
at Adigrat and Wukro hospitals, Tigray that reported an S aureus rate of 12 %
(29/242) ( Legesse et al., 2018). Such difference in the isolation rate of S aureus could
be explained by the difference in sample size, in the laboratory methods used for

isolation and identification of S aureus and the overall context of the study sites.
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Overall in, our study 31 strains of S.aureus were sensitive to all tested antibiotics and
237 S.aureus isolates were resistant to at least one drug tested which is higher than the
previous study done in Dessie Referal hospital Ethiopia where all the 34 S.aureus
isolates were resistant at least to penicillin ( Shibabw et al., 2014). While in terms of
multidrug-resistant similar patterns were seen from Dessie referral hospital and Jimma
medical students, Ethiopia ( Shibabw et al., 2014; Efa et al., 2019). The current study
included a larger S.aureus collection mainly from nasal colonization and isolates from
mobile phones and gowns of HCWs and administrative staff unlike the two previous
studies mentioned which include only nasal swabs that could have contributed to the

presence of higher susceptible strains in the current study.

Resistance of the isolates to tetracycline in this study which was 75.2 % was
comparable with the Netherlands study where 71 % penicillin resistance was seen
among nasal isolates of S. aureus from the general practitioners though they did not
have MRSA in their report (Rijnders et al., 2010) but lower than the previous study
done in Dessie referral hospital that reported 100 % resistant to penicillin ( Shibabaw
et al., 2014). This difference could be due to the mix of the source of samples in our
study because we included isolates from colonization of HCWs, administrative staff

plus from gowns and mobile phones.

Higher resistance rate for penicillin was also reported from nasal isolates of all the 14
MRSA isolates from HCWs of Adigrat and Wukro Hospital Ethiopia that reported 100
% resistance to Penicillin (Legesse et al., 2018), In Southern Brazilian HCW that
reported resistance level of 90.6% ( Danelli et al., 2020); in Gaza strip, they reported
a 100 % penicillin resistance for all MRSA and MSSA nasal isolates which is a
serious challenge for rational antibiotic use ( El Aila et al., 2017) .

Likewise, the rate of MRSA, that is resistant to cefoxitin (oxacillin) in the current
study was 28.6 % and this is higher compared to a previous study done in Adigrat and
Wukro Hospitals, Ethiopia that reported 5.8 % ( Legesse et al., 2018). On the other
hand, Shibabw from Dessie referral hospital reported oxacillin resistance of 12.7 %
( Shibabw 2014). The difference in the number of S aureus isolates and antibiotic disc

used for MRSA determination could be one factor.

Erythromycin resistance in this study was 15.1 % which is a bit lower than a report
from Abrha that report 18.2 % and 18. 7 % for nasal sources from dairy farmers. The
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difference in the use of erythromycin among humans and animals could result in this
difference. Higher resistance of 57 % and 29 % for MRSA and MSSA group were also
noted from an Indian study (Agarwal et al., 2015) and erythromycin-resistant rate of
98.7 % from nasal sources and 100 % for hand isolates of HCWs was reported among
Nigerian HCWs ( Fadeyi, ., et al 2010) . In Libya Erythromycin resistance of 74 %
was reported among HCWs ( Ahmed et al.,2012). Geographical differences and
antibiotics use differences in the different nations or settings may bring also a

difference in specific antibiotic-resistant patterns.

The resistance rate to clindamycin in this study was 8.8 % (21 isolates) and in the
previous study in North Ethiopia higher resistance of 17.2 % for clindamycin was
reported ( Legesse et al., 2018). In our study, we have detected a higher level of
resistance for clindamycin in isolates from HCW than isolates from administrative
staff, indicating that exposure to resistant strains for clindamycin in the hospital setting
is higher than in the community. Higher resistance was also reported from a Libyan
study (Ahmed et al., 2012) with a rate of 20 % and an Indian study where 64 % for
MRSA and 15 % for MSSA isolates were also noted (Agarwal et al., 2015) ,
including astudy from Iran reporting resistant rate of 69 % for clindamycin
(Askarian, et al., 2009).

Resistant to tetracycline and trimethoprim-sulfamethoxazole in our study was 62.6 %
and 68.9 % respectively which is higher than Legesse ‘s finding which reported
tetracycline and Trimethoprim-sulfamethoxazole resistance of 55.2 % and 51.7 %
respectively among nasal isolates of HCWSs in North Ethiopia and another study from
Mekele , North Ethiopia also showed tetracycline-resistance of 86.1 % ( Gebreyesus et
al., 2013). Probably the isolates from gowns and mobile phones in our study could
contain susceptible strains. Moreover, the presence of S.aureus isolates from
administrative staff in our case could contribute to the low level of resistance to this
drug. Inthe Tanzanian study trimethoprim-sulphamethoxazole resistant rate of 46.8%
were noted for MRSA isolates (Joachim et al., 2019) and in the Indian study
tetracycline-resistant rate of 43 % and 23 % for MRSA and MSSA isolates
respectively and for Cotriomoxazole resistant rate of 57 % and 29 % for MRSA and
MSSA isolates were reported (Agarwal et al., 2015). Higher resistance to
cotrimoxazole was also reported from a Nigerian study that reported a 69.9 % rate for

nasal sources and 94.2 % for hand isolates ( Fadeyi , et al 2010) , from Libyan study
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50 % resistance for trimethoprim sulfamethoxazole, and reports from Nepal, rate of
84.2 % among MRSA group were noted ( Khatri et al., 2017). One study from Jordan
reported a resistance rate of 67 % to 100 % (Alzoubi et al., 2020) for various groups
of study participants. The difference in source population and sample size among all

these studies could also bring the difference in the rate of resistance.

Our MRSA and MSSA isolates were sensitive to rifampicin and all MRSA tested and
10 % of tested MSSA strains were sensitive to vancomycin. Similar findings have
been seen from previous reports in Egypt (Salem et al., 2015), in Nepal (Khatri et al.,
2017), a study from Iran (Askarian et al., 2009) and isolates from HCWs of Argentina
(Boncompain et al., 2017), in southern Brazil, ( Danelli et al., 2020), suggesting
these two drugs are still useful and effective for managing S.aureus and MRSA related
infections. Although the source population is different from the current study, a recent
study in North Ethiopia also showed the absence of resistance to Rifampicin and
vancomycin (Abrha 2019). Resistance to Rifampin was reported among 50 % of
MRSA and 6 % of MSSA in the Indian study (Agarwal et al., 2015). Since rifampicin
is not routinely used for the treatment of S.aureus infection in Ethiopia, this might be
the reason for the sensitivity of all the isolates to this drug. However, resistance to
vancomycin have been reported from one study in Mekele, North part of Ethiopia,
where out of the isolates from 177 HCWs 36 (20.3%) were MRSA, and 2 (5.6%) of
the nasal isolates were vancomycin-resistant ( Gebreyesus et al., 2013) and from a
Nigerian study where 1.3 % of the HCWSs have resistant strain for vancomycin
( Fadeyi, et al., 2010) and another report of 6 % from Nigeria Hair court teaching
hospital staff isolates (Nwokah et al., 2017) and 12 % vancomycin-resistant from a
Libyan study ( Ahmed et al., 2012), which is a matter of concern. Probably the use of
a disc diffusion test for vancomycin by these studies could be one reason for their
findings, which have not been confirmed by other methods such as molecular

methods. In the current study, we have used additional methods including PCR.

There is a statistically significant difference between MRSA among administrative
staff and HCWs p-value <0.05. Similarly, one out of 60 administrative staff and 20
out of 178 HCWs S. aureus isolates have resistance to clindamycin and the difference
is statistically significant ( p-value < 0.05) OR 95 % CI, 1.10 (1.04-1.17). Likewise
out of 60 S.aureus isolates from administrative staff only 9 were resistant to

tetracycline compared to 80 of the 178 S.aureus sources from HCWs again the
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difference was statistically significant ( p-value < 0.05, OR 1.54,95 % CI: 1.3-1.83).
The MRSA burden is also higher for HCWs group than administrative staff. This is
expected as the HCWs group are exposed to patients in their day-today activities that
increase the higher rate of MRSA and carriage of drug resistance S .aureus. Though,
our study population is different from a study conducted among the clinical and non-
clinical students of Tanzanian university who reported only a single MRSA from the
exposed clinical students, which somewhat substantiates our finding ( Okamo et al.,
2016).

Fifty-five out of 71 MRSA are tetracycline resistant compared to 34 of 167 MSSA the

difference is statistically significant ( p-value <0.05) OR 13.44 ( 95 CI: 6.86-26.33),
similar trends were also seen for Trimethoprim-sulfamethoxazole drugs, where out of
71 MRSA 44 of them were resistant to Trimethoprim-sulfamethoxazole compared to
30 MSSA out of 167 and the difference was statistically significant ( p-value <0.05)
OR 7.4 (95 CI 3.99-13.84).

Resistance to erythromycin and trimethoprim-sulfamethoxazole was common and
higher among S.aureus isolates from HCWs group than the administrative staffs but
the difference is not statistically significant with about 16 out of 60 administrative
staff and 58 of the 178 HCWs have resistance to trimethoprim and sulfamethoxazole
(P-value > 0.05) . Similarly, 9 out of 71 MRSA are resistant to Erythromycin
compared to 27 of MSSA and the difference is not statistically significant ( p-value >
0.05) . The absence of MRSA among caretakers compared to HCWs and patients in
the Ghanain study also underscore HCWs are more exposed than other groups of
people ( Walna et al., 2020). All the aforementioned differences in our study also
underscored that HCWs are exposed to more resistant strains compared to
administrative staff who had no or very limited contact with patients. A similar
finding was also noted among hospital exposed medical students and non-exposed

groups in the Indian study ( Sharma et al., 2020).

An interesting finding in the current study was the significant difference between
penicillin resistance among MRSA and MSSA isolates. Almost 97.1 % of MRSA
were resistant to penicillin while 65.8 % of MSSA strains were resistant to this
antibiotic. Similar findings have been observed from one study in India where 100%

MRSA were resistant to penicillin compared to 76 % of the MSSA isolates taken from
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HCWs nasal swabs. The same trend has been observed for tetracycline and
cotrimoxazole in the current study , as well as the study from India (Agarwal et al.,
2015). This is expected since MRSA strains are multidrug-resistant and result in a

high-level of resistance to other drugs.

There is also a significant difference between penicillin resistance among MRSA and
MSSA isolates. Almost 97.1 % of MRSA were resistant to penicillin while 65.8 % of
MSSA strains were resistant to this antibiotic. Similar findings have been observed
from the study in India where 100% MRSA were resistant to penicillin compared to
76 % of the MSSA isolates from nasal swabs of HCWs. The same trend has been seen
for tetracycline and cotrimoxazole in the current study and the study from India
(Agarwal etal., 2015).

4.2. MRSA Burden

In this study, we determined the burden of MRSA from different groups of
participants, that is nasal colonization of HCWSs, administrative staff, and patients.
We have also determined the MRSA contamination rate of HCWs gowns, mobile
phones of HCWs, and administrative staff. Moreover, the proportion of MRSA was
estimated from different clinical samples.

Accordingly, the nasal colonization rate of 4.8 % (28 / 580) for MRSA was observed
among HCWs of TASH which is similar to MRSA carriage rate of 4.6 %, reported in
a meta-analysis of 127 studies around the world involving screening of 33318 HCWSs
(Albrich and Harbarth, 2008); and another systematic review in Europe and the US
during a non-outbreak setting that showed a pooled prevalence of MRSA carriage of
1.8 — 4.4 % (Dulon M et al., 2014). Similar MRSA nasal carriage of 4.6 % is also
reported in a non-outbreak setting in nine German acute care hospitals among medical

staff in an European region (Sassmannshausen et al., 2016).

The MRSA burden in this study is lower than previous two studies done in Ethiopia,
namely HCWs of Dessie referral hospital that reported 12.7 %, (Shibabaw A et al.,
2013), 5.8 % in Adigrat and Wukro hospitals, Tigray, Northern Ethiopia (Atsebaha
HL et al., 2018),14.1 % among HCWs of Mekelle hospital ( Gebreyesus et al., 2013)
and 8.4 % of MRSA carriage among medical students of Jimma University, Ethiopia
(Efa etal., 2019). Recently, Reta and colleagues performed a meta-analysis on nasal
carriage of MRSA in Ethiopia and the pooled prevalence of MRSA was 10.9 % (Reta
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et al., 2019) which is higher than the current report. The the low MRSA rate observed
in the current study might be explained by the laboratory methods used for detection.

In the current study, we have used cefoxitin disc diffusion test and Mec A gene
detection using PCR, while most of the other studies in Ethiopia have used only
oxacillin or cefoxitin disc test alone. In addition, our sample size is relatively larger

and includes diverse HCWs.

Previous work in Ethiopia reported that the overall prevalence of nasal carriage of
MRSA among hospital exposed and non-exposed janitors in Gondar University was
4.8 % and MRSA carriage was higher among hospital exposed group than non-
exposed group (8.1 % versus 1.4 %) (Abie et al., 2020). Likewise 6.25 % MRSA
carriage rate was also reported among janitors (cleaners) of Mekelle University, North
Ethiopia (Kahsay et al., 2018). In the current study lower rate of MRSA carriage
among the administrative staff of TASH/ CHS (0.21 %) was detected. Among 468
administrative staff involved in our study, 117 of them were cleaners and laundry
workers. We did not consider janitors as HCWs, though they are working in health
care facilities, and included among administrative staff category. The single MRSA
carriage observed in our study belongs to cleaners that result in MRSA rate of 0.85 %
(2/177). This sample size is lower than from both previous studies mentioned above in
Ethiopia and it contributes to the low prevalence of MRSA among cleaners in the
current study. More importantly, the cleaner with MRSA carriage in our study was
working in the hospital ward which exposes her more for MRSA. Despite they did not

use both cefoxitin and mecA gene testing to rule out MRSA.

All the Ethiopian studies on nasal carriage of MRSA reported higher prevalence than
ours including MRSA carriage among Medical students of Jimma University (8.4%) ,
except one study done in preschool children in Debremakos town that reported 0 %
MRSA (Reta et al., 2017), (Efa et al., 2019). Most previous studies used the
coagulase test alone for identification compared to the current study in which we used
a combination of coagulase and or DNAse test which brought a difference in the
overall MRSA rate. These observations need further investigation using better
microbiological and molecular approaches.
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We have seen a discrepancy in S.aureus identification in some of our observations
that could potentially result in an inflated rate of MRSA in routine clinical
microbiology services and or research reports. Similar observation and concern have

been reported by Beker and colleagues ( Beker et al., 2006) where co-colonization of

methicillin-resistant coagulase-negative Staphylococcus and Methicillin sensitive S.
aureus which results in a wrong interpretation of the isolate as MRSA. This is much
expected in developing nations like ours where the microbiology laboratory
infrastructure is not well developed . We feel that there might be over-reporting of
MRSA in most of the previous studies done in Ethiopia and other similar settings
around the globe. We have seen discrepancy interms of MRSA detection reported by
the primary data collector ( the M.Sc. study) and the current study from two MRSA
isolates from mother-child pair which tell us the routine MRSA testing could result in
exaggeration and as much as possible phenotypic methods have to be supported by

molecular methods.

Higher rates of MRSA have been reported by different authors in various parts of the
world and in Africa, such as 11.7 % among HCWs in Sudan (Babikerldris et al.,
2017), 13.4 % among HCWs in Uganda using Cefoxitin test and 8.24 % using Mec
A detection method ( Abimana JB et al., 2019) ; 15.6 % (59/379) MRSA among
HCWs in four tertiary and regional hospitals in Dares Salam, Tanzania (Joachim A et
al., 2018), 8.5 % Ghanaian HCWs ( Walana et al., 2020 ), 19 % in Libyan doctors
and nurses ( Ahmed et al., 2012) , 34.7 % among HCWs nasal carriage in one
hospital of Nigeria (Taiwo et al., 2004), and 52.5 % MRSA nasal and hand carriage
among nasal sources (Fadeyi A. et al., 2010) of HCWSs working in the ICU of

Nigerian hospital. From other continents, 25 % (51/200) MRSA was reported in Al
Shifa hospital in Gaza street using oxacillin disc diffusion test, and the rate was
reduced to 20 % when they used MecA gene detection (El Aila et al., 2017); 7.5 % of
MRSA from HCWs of tertiary care Hospital in Kathmandu, Nepal ( Khatri et al.,
2017), 5.3 % in Namazi hospital Shiraz , Iran (Askarian et al., 2009) , 6.1 % in
central Taiwan ( Wu et al., 2019), 32.8 % pooled MRSA prevalence among HCWs of
Iran between 2000 to 2016 is also reported (Emaneini et al., 2017 ) and 6.3 % in
Argentina (Boncompain et al., 2017 ) and 12.3 % among HCWSs and students in
Southern Brazil Hospital (Danelli et al., 2020).
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The higher MRSA burden of (19 % ) (Ahmed et al., 2012) reported from Libya could
be due to the fact that HCWs were included from four hospitals in contrast to ours
where we did in one single large tertiary teaching and referral university hospital
setting. This by itself could bring a marked difference in MRSA colonization, because
it could differ from one Hospital to another. Only nurses and doctors were included in
their study, while we have included almost all HCW categories that may not have

equal exposure to patients and risky procedures.

A study done among 60 HCWs from burn and surgical critical care units of Menoufia
University Hospital, Egypt, MRSA nasal colonization rate of 36.7 % was reported
( Salem et al., 2015), much higher than ours, though our sample size is much higher.
The proportion of MRSA among HCWs, patients, and caretakers in Ghana was 8 %
( 4/50), 13.8 % ( 5/36), and 0 % (0/20) respectively (Walana et al., 2020). The
difference with our study could be explained by higher sample size we used compared
to only 50 participants in their study, which will not give a precise estimate of the
burden of MRSA.

Slightly higher MRSA (6 %) is reported among HCWs practicing in long-term care
facility settings of Taiwan (Shih et al., 2021). In a French rehabilitation centre,
MRSA burden of 10 % (8-10%) has been reported which is more than double from
our finding (Legrand et al., 2015). Likewise, MRSA burden of 8.7 %, 7.8 %, and
12.3 % have been reported among HCWs practicing in a tertiary health care hospital in
Peru, Taiwan and among HCWs and students attending a University Hospital in
Southern Brazil respectively [University Hospital of Universidade Estadual de
Londrina ] ( Garcia et al., 2016; Wu et al., 2019; Danelli et al., 2020 ). In Ecuador,
nasal and pharyngeal carriage of 6.1 % has been reported among medical students
which is higher than our study (Bastidas et al., 2019). The differences with our
findings could be due to our use of nasal swabs only, while some of the studies
mentioned above have also used both nasal and pharyngeal swabs which have likely

increased the higher MRSA isolation including the difference in study settings.

A study from Duhok city, Kurdistan Region of Northern Irag where HCWs have
higher MRSA nasal carriage (13.7 %) compared to non HCWs (4.0%) in the same
hospital with a statistically significant difference in carriage rate (Hussein et al., 2017).
In our study, similar trends have been observed where HCWs have higher MRSA

carriage than administrative staff (4.8 % versus 0.21 %).
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On the other hand, our MRSA rate from nasal swabs of HCWs is higher than the
MRSA rate of 1.4 % of nasal swabs from dairy workers in Mekele, North Ethiopia
(Abrha et al., 2019) , which might indicate the significance of the Hospital
environment in nasal colonization with MRSA. No MRSA was isolated among 246
Kenyan HCWs (Omuse et al., 2012) , 0.37 % reported in Turkey (Genc and Arikan
2020) , 0.7 % in Queensland Australia adults study ( Munckhof et al., 2009) ; 2.3 %
nasal carriage of MRSA among HCW of Port Hair court hospital in Nigeria (Nwokah
et al., 2017). Similarly in Tromso, Norway, the Tromsg Staph and Skin Study
comprising 2277 participants with 405 HCWs revealed that no MRSA detection
between 2007-2008 (Olsen et al., 2013). A nasal colonization study from 395 general
practitioners in the Netherlands also showed the absence of MRSA and 0 % MRSA
among 128 medical students in Thailand (Rijnders et al., 2010; Treesirichod et al.,
2014). In a German cardiac centre, out of 149 staff that had contact with MRSA
patients only one staff had MRSA (0.7 %) (Schubert et al., 2019) . The good infection
prevention practice in Europe and involvement of HCWSs who had very low or limited
contact with patients in the Kenyan and Thailand studies could explain the very low

or zero levels of MRSA.

MRSA burden of 1.9 % and 2.9 % is also reported among basic science and clinical
students in Jordan university hospital respectively ( Alzoubi et al, 2020). Similarly,
MRSA rates of 1.5 % and 0.9 % were found among HCWs and medical students
respectively in Madagascar (Hogan et al., 2016). A comparative study in India also
showed low MRSA nasal colonization among hospital exposed medical students
(0.9 %, 1/107) and 0 % among non-exposed Medical students (Sharma et al.,
2020).This further strengthened that hospital exposed individuals be it HCWs and
students could harbour MRSA and other medically important pathogens.
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In Western Nepal MRSA prevalence of 3.4 % has been reported among HCWs of a
tertiary care hospital (Khanal et al., 2015). In our study we did not include medical
students of any category that may contribute to the difference with these studies. .
Moreover, our sample size is nearly three times more than the Jordanian group and it
could contribute to the different burden of MRSA between these studies. Moreover,
different host factors, bacterial and environmental factors , antibiotic use, and
infection prevention practices among countries and hospitals could also determine the
rate of MRSA colonization among HCWs and or patients across the world (Sakr et
al., 2018 The difference in MRSA burden among different studies described above is
expected as different researchers applied different sampling techniques , isolation,
and identification of MRSA, and interpretation of MRSA. Moreover, the infection
control practice could differ from hospital to hospital in the same country and between
countries which result in different MRSA carriage rate among HCWs ( VVonberg et
al., 2006) . The use of oxacillin as a surrogate marker for MRSA is discouraged and
evidence showed that the cefoxitin diffusion test is the preferred marker for MRSA
(Broekema et al., 2009; Cauwelier et al., 2004; Swenson et al., 2005). Hence, some
of the large differences in MRSA observed could be because some of the investigators
used oxacillin rather than cefoxitin. It has been also noted that co-colonization of
methicillin-resistant Coagulase-negative Staphylococcus species could result in false-
positive MRSA ( Beker et al., 2006).

In a Tanzanian study 37 (42.5%) HCWSs with more than five years of working
experience in health care services were colonized with MRSA strains and there was no
association between MRSA carriage and gender distribution, ( Joachim et al., 2019).
Similar findings have been reported in a Southern Brazilian study for MRSA but a
significant difference was observed for S. aureus carriage with sex and work category
(being male and students respectively ( Danelli et al., 2020). Since the number of
female HCWs in TASH is higher and being a nurse could have more contact with
patients, and could associated with more exposure, therefore the rate of MRSA is
slightly higher than males though the difference is not statistically significant.
Concordant reports were also found from a Nigerian study (Nwokah et al., 2017)
among an equal number of male and females HCWs which could strengthen our

hypothesis.
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Similar findings were also found in a Madagascar study where, nasal carriage of S.
aureus and MRSA was more prevalent in women than in men (Hogan et al., 2016). In
the Tromsg Staph and Skin Study, where being a woman and those women who are
living with children have a higher tendency of S. aureus colonization, though no
MRSA was reported. (Olsen et al., 2013). On the contrary, another study from
southern Brazil reported significantly higher S.aureus carriers in males and

students but not for MRSA (Danelli et al., 2020)

Many studies indicated that the burden of MRSA is higher among nursing staff than
other health workers, in agreement with the current study (Shibabaw et al.,
2013,Atsebaha et al., 2018, Gebreyesus et al., 2013, Joachim et al., 2019. Khanal et
al., 2015, El Aila et al., 2017, Abimana et al., 2019, Dulon et al., 2014,Askarian, et
al., 2009, Agarwal . et al., 2015,). In our case nurses had significantly higher MRSA
than other HCWs though, their number is much higher than other HCW practicing in
TASH.There is an overall assumption that, nurses and doctors have more and frequent
contact with patients and there is a possibility of acquiring MRSA and other pathogens
(Fadeyi, et al., 2010). It has been indicated that colonization of both patients and
HCWs in hospital settings have been associated with the occurrence of surgical site
infection in admitted patients in Tanzania (Moremi et al., 2019, and Price et
al. ,2017) verified that out of 25 instances of patient acquisition of S. aureus, seven of

them were transmitted from HCWs.

HCWs with the age category of 20-26 years have 92.8 % (26/28) of MRSA in the
current study which is somewhat similar to the Nigerian study (Nwokah et al., 2017).
This might be explained as this age group of HCWs are active and they do have more
interaction with patients and other colleagues which tends to expose them to more risk
for MRSA colonization. Moreover, as HCWs become being senior and older there
might have less contact with patients due to other responsibilities other than patient
management. Other study variables like educational, marital, work experience,
number, and type of gowns, type of cell phone and presence of mobile phone cover,
use of cell phone during clinical practice, history of hospital exposure like admission
and surgical procedure are not statistically associated with MRSA burden. A similar
finding is also reported from Iran (Askarian et al., 2009).

Interestingly 12/28 MRSA nasal carriage was detected among HCWs who change

their gown every other day (Fisher exact test 13.24, P-value <0.05) and the
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contamination level was not also different among HCWs who uses long and short
sleeves gowns A recent review by Lena ( Lena et al., 2021) described that MRSA
contamination rate is higher among those who are wearing long sleeves than a shorter
one. The way gowns are handled, washed, ironed could justify the variation of MRSA
contamination in HCWs gowns. Our finding with this regard is a good indicator that
gown could be a vehicle for microbes including MRSA that needs serious attention by
HCWs themselves and the management of TASH. Some hospitals have guidelines and

policies for the use of gowns and other personal protective devices ( FDA ,2015).

MRSA nasal colonization is not linked with a specific department of the HCWs in our
study unlike one study conducted in the Gaza Strip that showed, where the majority of
MRSA colonization was seen among HCWs who were practicing in the department of
surgical wards and internal medicine with a carriage rate of 35 % and 41.5 %
respectively (ElI Aila et al., 2017). Similarly, high MRSA carriage was (36.7 %)
observed out of 60 doctors and nurses that are practicing only in the surgical intensive
care units of an Egyptian hospital (Salem et al., 2015). In our case, we did not see any
significant difference concerning MRSA carriage and the department where the HCW
is working. This is also expected as sometimes nurses and residents could work in two

or more departments of TASH on a rotation basis.

Surprisingly, no MRSA colonization is seen among medical laboratory personnel in
our study. Similar findings were reported among technicians and nursing students at
Mayo Institute of Medical Sciences, Barabanki, Uttar Pradesh, India (Agarwal . et al.,
2015). On the other hand, 10.5 % MRSA carriage was reported among laboratory
personnel working at Kathmandu Medical College and Teaching Hospital, Nepal, and
these personnel harbour the highest frequency of MRSA than other HCWs including
nurses and doctors (Khatri et al., 2017). Similarly, the study conducted in Argentina
showed that the carriage was 30 % for physicians (30 %) and higher for laboratory
technicians (57 %) (Boncompain et al., 2017). The possible explanation for such
difference could be the geographic difference between ours and the Asian or Latin
American settings, and the difference in MRSA burden among countries. Moreover,
we used both phenotypic and Mec A gene detection using PCR methods unlike the
other studies who used only phenotypic disc diffusion and minimum inhibitory
concentration methods that may overestimate their MRSA rate. MRSA nasal
colonization has been also reported among the medical laboratory personnel in the

previous study done in Ethiopia which used only the disc diffusion method (Shibabaw
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et al., 2013). Further investigations is needed to understand why some profession has
high MRSA carriage than others.

To see whether staff other than HCWSs has similar nasal colonization, we have
recruited administrative staff of the College of Health Sciences. Accordingly, the
burden of MRSA was found to be 0.2 % (1/468). This very low nasal colonization of
MRSA is in line with some other studies like the one reported in Australia in the
Queensland adult community which reported MRSA prevalence of 0.7 % (5/699)
(Munckhof et al., 2009). As described above MRSA burden among HCWs in the
same compound have higher colonization than the administrative staff. Such
difference is expected as HCWs are exposed to patients and the hospital environment

that predisposed them to MRSA and other pathogens.

Though the study population is different from our administrative staff previous
studies in Ethiopia showed a different prevalence of MRSA. MRSA carriage among
food handlers of Gondar University cafeteria, Ethiopia was 9.8 % (4/200). Two of the
MRSA carriage was observed among food handlers working in the college of
medicine and health sciences while one each from two other campuses (Dagnew et al.,
2012). This is higher than our report (0.2 %). Higher prevalence of MRSA was also
reported among school children in different parts of Ethiopia, the overall prevalence of
MRSA among primary school children and prisoners in Jimma , Southwest Ethiopia
was 23.08 % which is higher among prisoners than school children (48 % versus
18.8 % respectively) ( Kejela et al., 2013). Though the proportion of MRSA was
calculated among S.aureus isolates from school children and prisoners separately, the
burden looks exaggerated. If the rate is calculated from the total school children and
prisoners the aforementioned prevalence could be reduced. Still, even in that case,
their finding is higher than our report. As mentioned earlier, we used both cefoxitin
and mec A gene to identify MRSA compared to the other studeis which used only

cefoxitin disc diffusion test. That brought change in the rate of MRSA.

Our finding is still lower than a prevalence report among urban and rural school
children in Gondar, North West Ethiopia that found MRSA prevalence of 9.79 %
which is among urban school children than rural school children (13.3 % and 9.6 %
respectively) ( Tigabu et al.,2018). The high prevalence of MRSA could be the
different study population and laboratory methods used . A higher MRSA burden,

10 % was also reported among community members in Sudan (20/200) (Babikerldris ,
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et al., 2017). The small sample size they used and the use of Oxacillin disc to rule out
MRSA could contribute to high prevalence in the Sudanese study.

From a previous study, the prevalence of S. aureus among pre-School children in
Debre Markos town, Ethiopia was 13% (52/400) and no MRSA was detected

indicating that prevalence in children or preschool children could be very low or
absent (Reta et al., 2017). Although they used both oxacillin and cefoxitin discs,
MRSA was not detected like our report from children of the mother-child pair (Reta
et al., 2017). Both ours and their sample size are low and the way nasal swabs were
collected, transported and the microbiological processes could also contribute for the

absence of MRSA which require further investigation.

On the other hand, a high prevalence of MRSA was reported among healthy children
less than 5 years in Eastern Uganda that reported a prevalence of 6.1 % ( 45/ 742)
( Kateete et al., 2019). The use of nasopharyngeal swabs could contribute to favouring
the isolation of MRSA/ MSSA over nasal swabs (Hamdan-Partida et al., 2010; Senn et
al., 2012). Moreover the large sample sizes they include also have an impact on the
high prevalence of MRSA in the Ugandan study. The use of multiple swabs at
different body sites of the child has been also used in some investigators and the
magnitude of MRSA was higher ( Benito et al., 2015).

A study from Brazil showed that the nasal colonization of MRSA among infants in
daycare centers was 1.2 % which is in contrast with the 0 % prevalence among
children in our case. (Lamaro-Cardoso et al., 2009). Our sample size is only 212
compared to 1192 of the Brazilian study that contributes to the difference in MRSA
burden. Moreover, our mother-child pair were recruited while they are visiting
hospitals mainly for vaccination purposes, unlike the Brazilian study which followed

62-daycare centers that further could describe the difference in the MRSA carriage.

MRSA nasal colonization from under five children visiting an outpatient clinic of a
Brazilian hospital showed that out of 2034 children only 0.2 % of them have MRSA
and 701 neonates admitted in four neonatal ICUs also showed MRSA carriage of
0.6 % (Vieira etal., 2014). This is in contrast with zero MRSA carriage among under-
five children from 212 mother-child pair swabs samples in this study. The large

sample size used in the Brazilian study , being a daycare center and collection of
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multiple swabs during admission and discharge could increase the chance of isolating
MRSA.

It is known that, among patient groups, diabetes mellitus (diabetics) , HIV-infected
people and end stage renal diseases with haemodialysis and patients who have a
history of recent hospitalization and antimicrobial consumption have a higher risk of
MRSA colonization and or infection (Hidron et al., 2005; Zacharioudakis et al.,
2014; Zervou et al., 2014). The magnitude of MRSA among nasal swabs taken from
diabetic patients in the current study was also low, 0.236 (1/420). This is much lower
than the pooled prevalence of 9.2 % that was generated from 23 data sets comprising
11577 diabetic patients. Obviously, the large sample size they used and the difference
in the prevalence of diabetic patients in different countries could be a possible reason

for such discrepancy ( Stacey et al., 2019).

A study conducted in Chang Gung University, a hospital in Taiwan comprising
diabetic patients with and without foot ulcers revealed that the MRSA nasal carriage
rate of MRSA was similar between these two groups of diabetic patients, 5.4% vs.
1.7% for diabetic patients with and without foot ulcer infection (Lin et al., 2020). In
another report from the same country, hospital MRSA nasal colonization among 245
type 1 diabetes patients was found to be 5.3 % (13/245) (Kang et al., 2021). Like wise
the burden of MRSA among diabetic patients in China was 4.1 % compared to 2.81 %
among non diabetic persons ( Lin et al., 2017). The difference in the burden of
diabetes in each country, duration of diabetes , presence of other comorbidities among
diabetic patients could justify the difference in MRSA nasal colonization with the

current and other studies mentioned.

The prevalence of MRSA carriage among admitted patients or patients with different
morbidity vary from case to case. For instance MRSA prevalence among HIV patients
in Mekele hospital, Northern Ethiopia was 2.4 % (6/249) (Gebremedhin et al.,
2016) . MRSA prevalence of 28.9% is reported among nasal swabs in patients at
Jimma Hospital, South West Ethiopia (Balta et al., 2003). Likewise, MRSA burden
among 204 admitted patients in two regional hospitals in Changhua, Taiwan was 7.8%
and patients on haemodialysis have a significantly higher MRSA colonization rate
(Wuetal., 2019).
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The diabetic patient with MRSA in the current study was a 67 years old male patient
with type Il diabetes with a duration of 19 years. The person has uncontrolled blood
sugar and diabetic foot ulcer infection, though the sample from the foot ulcer was not
analyzed for MRSA. The risk of infection, in general, is higher among diabetic adults
receiving insulin than apparently healthy persons (Tamer et al., 2006, Muller et al.,
2005). On the other hand, the single MRSA seen from a mother noted that she was a
36-year-old person with no history of diabetes, renal or liver diseases indicating

additional risk factors or exposure could also play for MRSA acquisition.

Finally, the burden of MRSA was also estimated for stored isolates collected from
several different clinical specimens at TASH. Overall, the MRSA burden among the
clinical S.aureus isolate was 25 % (23/92). The proportion of MRSA was high among
diabetic foot ulcer infections that accounts 73.3 % (11/15) making the actual MRSA
burden 13.5 % (11/80), followed by ear discharge that accounts MRSA rate of 22.2 %
(2/9) and wound samples have MRSA rate of 15.8 % (15/63). Previous reports in
Ethiopia showed relatively comparable findings including on MRSA burden or
prevalence among wound samples in a referral hospital that reported 28.3 % (Tsige et
al., 2020) . The pooled prevalence of MRSA was found to be 16.78 % (Stacey et al.,
2019) where the data is generated from a pool of 10994 diabetic patients with foot
infection . The small sample size we used could contribute to the difference in MRSA
burden.

Higher MRSA burden was also reported from isolates recovered from pus, wound,
blood, sputum and cerebrospinal fluid in two tertiary hospitals, Namazi and Faghihi, in
Shiraz ,Iran between December 2017 to September 2018 showed that MRSA
prevalence of 31.4 (50) based on disc diffusion and Mec A PCR methods
(Hashemizadeh et al., 2019) .

The absence of MRSA from ear discharge and urine sample is most probably the small
sample size we had, only 3 S.aureus isolates from urine and 2 isolates from ear
discharge which might have contributed to the absence of MRSA from these

specimens.

A low prevalence of 1.2 % MRSA was also reported from Gamo rural hospital in

Southern Ethiopia (Verdu-Exposito et al., 2020). They reported only one MRSA
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among 80 S.aureus isolates mainly from wound samples. Probably MRSA burden
could vary from region to region within the same country. Our isolate collection time
was for four months time, unlike the Gamo hospital where the S.aureus isolates were
collected over five years. The time difference could also create some bias on the
burden of MRSA between these two studies.

Uncontrolled use of mobile phones by HCWs may have consequences like the
carriage of multidrug-resistant microbes including MRSA, and this will, in turn, have
a risk of transmission to patients and the community ( Ramesh et al., 2008, Manning
et al.,, 2013 ; Sondhi et al., 2013; Nerminathan et al., 2017; Al-Harmoosh et al.,
2017, Simmonds et al., 2020 ).

In a hospital like TASH, the source of MRSA and other drug-resistant pathogens
could be patients, HCWs, and inanimate objects including gowns and mobile phones.
With this regard, we have attempted to look at whether the mobile phones of HCWs in
TASH harbour MRSA. and whether this incidence is different from non HCWs, and
thus included the administrative staff of CHS, including those working at TASH.
Accordingly, the MRSA contamination level of HCWs mobile and that of
administrative staff was found to be 2.7 % (16/588) and 1.3 % (6/468) respectively. "

The MRSA burden reported here is different from previous work in Ethiopia. For
instance, In Jimma University specialized hospital Ethiopia,71.2 % of mobile phones
of HCWs and non-HCWs had bacterial contamination and MRSA burden was 9.8 %
and interestingly they do have three Vancomycin-resistant S.aureus among the MRSA
group. The degree of bacterial contamination was higher among health care workers'
mobile phones and all the participants do not wash their hands after touching their
mobile phones and many drug resistance is reported from HCWs group than non
HCWs (Misgana et al., 2015). The finding of a high MRSA mobile phone
contamination in Jimma's study could be attributed to use of only disc diffusion test,
unlike ours where we have confirmed with MecA gene detection along with disc

diffusion method.

A previous study among HCWs in Eastern Ethiopia showed that mostly 94.2 % of

mobile phones of HCWs were contaminated CONS, and S. aureus and
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Klebsiella species were the most commonly isolated bacteria ( Bodena et al., 2019). A
report from Gondar also showed that out of 50 students and employees mobile phone
tested, E. coli, E. aerogenes, Streptococcus spp. and S. aureus were detected with
frequency of 23.53%, 23.53%, 17.65%, and 35.30% respectively (Verma et al., 2015).
Very recently a report from Debrebirhan, Ethiopia revealed that among 65 HCWs
mobile phones 46.4 % and 53.6 % of mobile phones were contaminated with gram

positive and gram negative bacteria respectively most contamination was seen among

HCWs practicing in ICU , surgical and laboratory departments ( Asfaw and Genetu .,
2021) None of these studies mentioned in Ethiopia reported MRSA, probably it
might be linked with the small sample size they included and the laboratory methods

used could have an impact on the detection of MRSA.

Our MRSA contamination rate is comparable with the MRSA contamination rate of
2.1 % of HCWs mobile phones and lower than 6.5 % from non-healthcare workers
mobile phones reported out of 55 participants from Tamil Nadu, India (Anupriya et
al., 2018). Our finding correlates with the result from Japan, where among 221nurses
that use hospital use only mobile phones used by nurses at Japanese University
hospital 2.3 % of mobiles had MRSA contamination (Kanayama et al., 2017), and
importantly the isolates from mobile phones and hands of nurses are genetically
similar (Kaiki et al., 2020).

A study conducted by Heyba and colleagues revealed that the level of MRSA
contamination of mobile phones of clinicians working in the pediatric intensive care
and neonatal care units of Kuwait hospital was 1.4 % out of 213 participants ( Heyba
et al., 2015). In this study, they found that those clinicians who failed to disinfect their
mobile had 2.42 times the risk of contaminating their mobile phones compared to
those who disinfect.

Our Mobile phone contamination level is much lower than metadata done by Ulger F
and colleagues which reviewed 39 articles published between 2005 and 2013 and they
reported that 19 (48.7 %) and 26 (66.7 %) (Ulger et al., 2015) articles identified
Coagulase-negative Staphylococus species (CONS) and S.aureus respectively in the
mobile phone of HCWs and the average MRSA contamination level of mobile phones
was 17.9 %. This is much higher than MRSA contamination level of 2.7 % (16/588)

among mobile phones of HCWs, and 1.3 % (6/468) among administrative staff that is
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reported in the current study. MRSA contamination level of 4.4 % was reported in the
tertiary health care teaching hospital of Uttarakhand state, India (Pal et al., 215).

From our neighbouring countries high MRSA mobile phone and hand contamination
was reported from Sudanese study 98 % ( Osman et al., 2018) and evidence from
Egypt shows that out of 40 mobile phones of HCWs and patients at the Alexandria
University Students’ Hospital found that MRSA and CONS prevalence of 53 % and
50 % respectively (Selim , et al., 2015). Out of 21, MRSA detected in the mobile
phones, 43.7 % (7/16) were from nurses, 62.5 % (5/8 ) from patients, 71.4 % (5/7)
from workers, 60 % (3/5) from laboratory technicians and 25 % (1/4) were from
doctors mobile phones. Obviously the small sample size they include in both countries
and the inclusion of MRSA from HCWs hand and ear in the Sudan study could inflate
the burden of mobile phone contamination. Similar findings were seen in a study in
Pune India, out of 30 HCWs hands 24 (80 %) of them contain MRSA, and 30 mobile
phones 16 (53.3%) were harbouring MRSA, and application of ethyl alcohol both for
hands and mobile phone was 100 % effective (Angadi et al., 2014).

Higher MRSA mobile phone contamination (10 %) was also seen from a study from
Japan. Out of 50 hospitals use mobile phones used by doctors (Kaiki et al., 2020),
and at the same time use of 222-nm UV disinfection resulted in a reduction in the
microbial agents including MRSA is well noted. HCWs could have different
knowledge and skill about hand hygiene and infection prevention in general and how
frequently they used their mobile phone during clinical practice which could bring a
difference in the level of mobile phone contamination. Moreover, sample size
difference and difference in overall MRSA burden in the country will bring a

difference in MRSA rate of mobile phone contamination.

The MRSA contamination level of HCWSs in our finding is twice that of the
administrative staff and this is expected where the former have very close contacts
with patients and risky environments for microbial exposure. Though the
administrative staff is working in the same compounds, very close contact of HCWs
with patients and body fluids of the patients could expose them to a higher load of

microbes and MRSA in particular.

Many studies include CONS and other gram-negative bacteria from the mobile

phones of HCWs . Except for very few mobile phones, the majority of them had
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growth of CONS which is not reported in this work. Parallel microbiologic analysis of
the same specimen of our study, also shows a significant number of HCWs mobile
phones at TASH harbored ESBL and other pathogenic gram-negative bacteria (Araya
et al., 2021).

In this study, the level of MRSA mobile phone contamination of 2.72 % (16/ 588)
among TASH HCWs is somewhat higher than the one reported from the Kuwait study
which showed, MRSA contamination level of 1.4 % but comparable with the
contamination from administrative staff in our case (Heyba et al., 2015). Similarly, in
Pakistan, out of 200 HCWs and 100 university students mobile phones , MRSA was
found in 1.6 % of mobile phones of HCWSs, and nho MRSA was seen among university
students (Qadi et al., 2021). Our sample size ( 588 versus 213) is more than double of
the Kuwait study and comprises all types of HCWSs across our hospital that could
explain the high rate of MRSA in our settings. In the Kuwait study, samples from
mobile phones were taken from clinicians working in the intensive care units only,
unlike ours where we took from all wards of TASH. This might indicate that there
might be a difference in the infection prevention measures in the two hospitals. We
have seen that a significant number. of HCWSs in TASH feel that there are inadequate
infection prevention materials in the hospital that could result in a higher rate of
MRSA.

Interestingly in the Kuwait study, only 33.5 % of clinicians cleaned their mobile
phones regularly and those who fail to clean their mobile phones have a 2.4 times risk
of mobile phone contamination (Heyba et al., 2015) and in Saudi Arabia 67.6 % of
HCWs did not clean their cell phone (Zakaia et al., 2016). Moreover, the majority
(12/16) of mobile phone contamination by MRSA seen in our study is among HCWSs
who have only two gowns and change their gowns on weekly basis. Unexpectedly, all
mobile phone contamination was observed among HCWs who do not have MRSA-
related training and among HCWs who perceived that there is no guideline or leaflet
about MRSA in TASH.

In another study , female sex (OR 0.651, p-value=0.039) and service year (OR 0.468,
p-value=0.038) of HCWs were found to be the most significant factors associated with
healthcare professionals’ mobile phone and bacterial contamination (Araya et al.,

2021). This is not true in the current report, specific to MRSA contamination. There
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was a difference in the number of MRSA and gram-negative bacteria that did not have

association with service year and gender.

The 16 HCWs who admitted that they are using their mobile phone during any
clinical practice, as expected, had their mobile phones contaminated with MRSA (16/
588). In a situation where hand hygiene compliance is minimal and the existence of an
unhygienic environment including surfaces, equipment, clothing, and possibly infected
patients can easily facilitate the contamination of mobile phones of HCWs
(Scheithauer et al., 2010; Pittet et al., 2009; Boyce et al., 2007; Loh et al., 2000).
Moreover, a previous study in Jimma also showed all HCWs did not wash their hands
after using their mobile phone (Misgana, et al., 2015) and from an Eastern Ethiopia
study, the absence of regular phone cleaning was associated with mobile phone
contamination (Bodena et al., 2019) . Being a male and absence of regular phone
cleaning were associated with mobile phone contamination with, CONS (58.8%),
Klebsella spp 6.9 %, and MDR was 69.9 % (Bodena et al., 2019) that underscores the
role of hand hygiene in preventing contamination of mobile phones.

A review work by Olsen and collegues showed that from 56 studies done in 24
countries, revealed that between 2005 to 2019 all studies except 2 (54/56) reported
that HCWs and community members' mobile phones harbour bacteria and S.aureus ,
MRSA, and CONS are the most dominant bacteria observed and 16 articles showed the

presence of fungi on the mobile phone ( Olsen et al., 2020).

In this study, out of 16 MRSA contamination, 7 each was observed among nurses and
doctors, one from medical laboratory personnel and other HCW. This underscores
that these two groups of HCWSs are more exposed to patients that could be infected or
colonized with MRSA. A similar explanation is given for the high rate of MRSA in
the nasal cavity. It has been said that HCWs especially doctors could use their mobile
phone apparatus to take vital signs of patients such as pulse rate in turn their mobile
could be contaminated. Moreover, their mobile phone could be a source of infection to
other patients (Morris et al., 2012, Amadi et al., 2013). Though we did not record
such incidences, we have observed such actions during our data collection time.
Sometimes nurses also used their mobile phones as a torchlight while examining

admitted patients.
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The type of mobile phone apparatus could determine the level of contamination and it
has been reported that keypad mobile phones have been linked with increased risk of
microbial contamination compared to touch screen phones ( Pal et al., 2013) and
others reported smartphones could have a high level of microbial contamination (Lee
et al., 2013). In this study, the majority of the HCW's mobile is a touch screen or
mobilephone, and a high level of MRSA contamination is seen from this group. While
half of the contaminated mobile phones of administrative staff are smartphones, the
remaining have ordinary or keypad mobile phones and no significant difference was
observed. The small number of keypad-type mobile phones in this study and hygiene
measures taken by HCWSs and administrative staff could determine the level of
contamination besides the type of mobile phone. Concordantly, very high levels of
gram-negative ESBL and other gram-negative bacteria also contaminate smartphones (
Araya et al.,, 2021). Whether bacterial strains and nature or type of mobile device is

related or not has not been explored well.

The highest MRSA mobile phone contamination in the Indian study was seen among
medical students (9%) and hospital doctors and staff (3.5 %) and college faculty and
staff ( 5.5%) and only one MRSA is detected from the hands of medical students and
no MRSA is seen from the mobile phones and hands of the public group (Pal et al.,
215). Unlike this study in our findings, high number of MRSA mobile phone
contamination is seen from doctors and nurses who are practicing in the hospital as
they do have very close contact with patients. Moreover, the large sample size of our
HCWs (580 versus 132) group and the absence of medical students and control group
outside TASH could explain why we get higher MRSA mobile phone contamination
among nurses and doctors in our case. Interestingly, we have got MRSA mobile phone
contamination from the administrative staff of CHS which calls for proper

investigation whether they got it from the workplace or the community.

In the Indian study, 76 % of hospital doctors and staffs use their mobile phones while
attending patients and only 3 % of them cleaned their mobile phones (Pal et al., 215)
which is similar to our findings where 80.96 % (472 / 583) of HCWs use their mobile
phones while they are doing different clinical work. Such practice has to be properly
reviewed and mechanisms should be set to limit contamination and transmission of
MRSA in and outside the hospital settings. Proper hand hygiene practices and

decontamination of mobile phones with alcohol wipes have been linked with a
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reduction of healthcare-associated infection that might be transmitted by mobile phone

contamination (Jeske et al., 2007).

In general, there is evidence showing mobile phones of HCWs could serve as a
reservoir of microbial pathogens and in the absence of proper hygiene, it plays a
pivotal role in the transmission of these dangerous bugs to the hospital community and
or the general public (Jayalakshmi et al., 2008; Singh et al., 2010; Ustun et al.,
2012). Keeping this in mind we can show that the mobile phone of HCWs of TASH
and a few administrative staff harbors important pathogens including MRSA and or
ESBL producing gram-negative bacteria and could be a risk for themselves, patients,

and their families.

Personal protective device (PPE) are items including gowns, aprons, masks or
respirators and goggles which is used by HCWs to create a barrier between the body
part and the microbes. They can prevent not only the HCWSs but also reduce
transmission of the pathogen to susceptible hosts. Hospitals should provide sufficient
gowns to their employees and regulate the proper use of PPEs by HCWs in a regular
manner (FDA, 2021).

One of the major means of transmission of pathogenic microorganisms is through the
interaction of HCWs and patients mainly through hands. However, other means of
transmission include hospital environments and HCW's clothing such as gowns and
uniforms (Scheithauer et al., 2010; Pittet et al., 2009; Boyce et al., 2007, Pineles et
al., 2017).

An observational study in nursing homes of Maryland and Michgan revealed that
MRSA contaminated HCWSs gowns and gloves has been linked with the transmission.
The level of contamination is 14 % for gowns and 24 % for gloves. More importantly,
the spa types S. aureus isolates from gowns/ gloves and resident isolates were similar
in 89 % of the cases, and in 8 % it was closely related. ( Roghmann et al.,2015). This
is good evidence that the existence of MRSA on HCWs gowns at TASH could be an
additional source of MRSA for the HCWs themselves, patients,colleagues , students,

and the society at large and needs timely remedial action.
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Keeping this in mind, we determined the level of gown contamination by MRSA at
TASH. The overall level of gowns and uniform contamination was found to be 2.89 %
(17 / 588) and all MRSA contamination is found among the age group of 20- 33 years,
Slightly higher among female than male HCWs (12 vs 5). No significant difference is
seen between sex, age, marital status, educational status , and educational level (P
value > 0.05).

Slightly more females (12) HCWs gowns are contaminated compared to 5 gowns of
male HCWs. About 76.4 % (13/17) gowns contamination was found among HCWs
who have work experience of 1- 4 years. In the same way, 16 out of 17 MRSA is
found among HCWs who have 1-3 gowns, 10 of 17 gowns MRSA contamination seen
among HCWSs who change their gowns on weekly basis. More interestingly, 13 out of
17 (76.47%) mobile phone MRSA contaminations are observed among HCWs who
use their mobile phone during any of their clinical practice. However, none of these
differences is statistically significant (P-value > 0.05). Our finding goes in line with a
recent meta-analysis result that includes studies between 2000 to 2020 which showed,
the overall MRSA presence in HCWs attire ranged from 1.3 to 79 %. MRSA rate
found in 1.3- 14 % of gowns,4-79 % among white coats, 0-19.1 % among scrubs,3-5-
19.1 % among studies that consider long and short sleeve uniforms, and 2.5-32 %
among studies that consider ties of HCWs (Lena et al., 2021). The contamination of
HCWs gowns and uniforms in the current study is underestimated as we took a pooled
swab sample of Gowns and uniforms of HCWs mainly from the pocket area and on
the sleeves. If we have included samples from attire and other attire in TASH the

contamination rate will be higher than what we have reported.

All MRSA gowns contamination was observed among HCWSs whose age is between
20-33 years old which indicated that this age group is so young and actively
interacting with patients and other colleagues with little infection prevention practice.
The presence of MRSA in gowns of healthy university students in Brazil has been
noted and 53.3 % of the 300 isolates were MRSA which could also show these age
groups are active in their daily activities in the hospital (Batista et al., 2019). In fact ,
this is higher than our finding as they used oxacilin disc as a marker of MRSA which
could exaggerate their findings. Differences in isolation and identification of S.aureus
in the two countries could also contribute to the change in the level of contamination

gowns with MRSA.
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Out of 17 gowns, 10 MRSA contamination was seen from nurses and 4 from medical
doctors, and the remaining from other HCWs. This could happen as nurses and
medical doctors could have more active and repeated interaction with patients and the
surrounding environment which leads to their hands and gowns being contaminated. A
study conducted, at a tertiary-care center in Maryland ,the United States has been
described that transmission of MRSA through gloves and gowns of HCWs seen in
5.4 % of the case during caring patients in the non-intensive care settings and those

who care patients very closely (Nadimpalli . et al., 2020).

More importantly, 13 of the 17 gowns contamination were observed from HCWs who

have served TASH for 1-4 years, and 16 of the 17 HCWs gowns contamination seen
in those who possess 1-3 gowns and change their gown every week. Among HCWs,
92 of them said that they do have four or more gowns and we have seen only single
gown contamination of MRSA which underscores that having sufficient and frequent
change of gown could minimize the level of gown contamination by MRSA and other
pathogens. This information is essential for the hospital administrators and infection
prevention committee to review the availability of adequate gowns and develop a
guideline on the use of gowns in TASH. It is known that the hands of HCWs have
frequent contacts with patients and their clothes including gowns and uniforms which
in turn spread the pathogens to themselves, to patients, and their families. This is more
pronounced in a situation where hand hygiene adherence is minimal (Scheithauer et
al., 2010; Pittet et al.,2009; Loh et al., 2000).

Interestingly, 15 HCWs admitted (two of them said sometimes) that they used their
mobile phones during clinical work and it seems there is frequent contact with their
mobile phones and gowns, as a result, their mobile phone is contaminated with
MRSA. Nine of HCWs gowns have long sleeves and 8 HCWs have short sleeves
gowns and their gowns are contaminated with MRSA. There are controversies with
the use of short versus long sleeves gowns. Long sleeves gowns may be easily
contaminated during clinical practice as it has direct contact with patients and the
surrounding environment. However, a randomized controlled trial revealed that both
long-sleeved physician white coats and newly laundered standardized short-sleeved
uniforms were contaminated within hours of donning and after 8 hours of wearing
these clothes, and no significant difference was seen both in terms of bacterial

contamination and MRSA contamination ( Burden etal., 2011) .
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We have collected swabs samples from HCWs including gown samples at any time of
the regular working hours mostly and sometimes on weekends and during evening
time , and as a result, we can not comment on the peak time for contamination of

HCW’s gowns and this has to be further investigated in future works.

The use of personal protective equipment including gowns for the prevention of
infection in hospital settings is a well-known fact and HCWs are using it in their
routine work moreover, the frequency of hand hygiene and its compliance is linked
with reduction of infection in the hospital(CDC,2019, WHO, 2009, WHO,2020
Wilson et al., 2019). With this regard a significant number of HCWSs in TASH
( N=88, 15%) have only a single gown, this is a concern from an infection prevention
point of view and staff should have a fairly adequate number of gowns so that they
could take hygiene measures as much they can. Interestingly, during data collection,
we have observed that there are instances where HCWSs washed their gowns and
uniforms in the hospital by themselves or they wash their gowns and uniforms at
home. This calls the hospital management to avail laundry service at the hospital
settings as it will minimize transmission of MRSA and other important pathogens to
their family members and the public at large. If HCWs are taking their clothes home it
means that they could import and or export these pathogens to the hospital or family

members.

HCW’s gowns contamination is higher among those who did not take MRSA training
and said guidelines and leaflet about MRSA are absent in the hospital. More than
50 % MRSA gown contamination is seen among HCWs who feel that there are
inadequate hand hygiene materials in TASH. This highlights that in the absence of
hand hygiene materials it is hard to control MRSA and other microbes in hospital
settings. Although we did not measure the hand hygiene compliance in this study,
previous studies in other hospitals in Ethiopia and other developing countries hand
hygiene compliance is very minimal (Engdaw et al., 2019, Bayleyegn et al., 2021;
Eljedi etal., 2014; Daniel and Mir ,2015 ).

In this study, 12 of the 17 gown, MRSA contamination was seen among HCWs who
do not have previous hospital admission. While there is a significant difference

between MRSA gown contamination concerning the history of surgical intervention in
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the past year (P < 0.05). Likewise, there is a statistically significant difference between
the knowledge level of HCWs with the level of gowns contamination (p-value <0.05)
but not with that of attitude and practice of HCWs. Unfortunately having good
knowledge does not mean that they do have a positive attitude and practice. How
HCWs gowns are washed, ironed, and strictly used only in the patient-specific area
have been mentioned a determinant factors for the level of gown contamination and
transmission of MRSA and other microbes in the hospital (Pilonetto et al., 2004;
Uneke et al., 2010; Gaspard et al., 2009).

Unlike MRSA nasal colonization which happened more among nurses than other
health cadres, no significant difference was seen between the current working
department and source of information about MRSA with the level of gowns
contamination (P-value > 0.05; data not shown). Other behavioural factors could be
involved in the occurrence of high MRSA in HCWs gown across the department. In a
simulation model, Harris and colleagues showed that reduction of MRSA acquisition
is seen due to the barrier effects of gowns and gloves, along with improved hand
hygiene and reduction of HCW patient contact rates as observed in 20 US intensive
care units ( Harris , et al., 2017).

4.3. PVL genes

Among the versatile virulence factors produced by S. aureus are Panton-Valentine
leukocidin (PVL), which is a cytotoxin that forms pores in the membrane, and has
been associated with several skin infections and diseases severity (Labandeira-Rey et
al., 2007, Etienne ,2005; del Giudice , et al., 2009; ). In this study, from a diverse
strain collection, a high level of pvl gene is recorded (48.63 %; 178/366) both from
MSSA and MRSA isolates and with significant difference between the two groups (P-
value < 0.05). A previous study in Ethiopia reported pvl positivity rate of 72.84 %
from S.aureus isolates that were collected from clinical sources of Gamo rural
hospital, South Ethiopia (Verdu -Expo’sito et al., 2020). However, our isolates are
large and composed of both clinical and non-clinical sources hence our pvl rate is
lower. Moreover, they have collected their isolates over five years unlike ours, which

IS a cross-sectional study.
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Though there is a difference in the source of S. aureus isolates with Abrha study in
Ethiopia, who reported a pvl positivity rate of 36.8 % (71/193), somewhat lower than
our report ( 48.63%) (Abrha A, 2018). This is expected as his source of isolates were
from SSTI, nasal swabs of dairy farms, and cow’s milk. However, isolates from SSTI
have the highest pvl gene than nasal sources and milk sources (53.7 %, 13.6 %, and
4.2 % respectively). While in our case, the proportion of pvl gene is consistently high,
49.3 % , 40.4 %, 56.8 % and 47.5 % for clinical, HCWs gown, mobile phones of
HCWs and few administrative staffs and nasal source of HCWs and administrative
staffs respectively but without a significant difference among the source of isolates (P-
value > 0.05) unlike Abrha’s findings (Abrha A, 2019). On the other hand, pvl gene
status is different between MSSA and MRSA isolates (p-value < 0.05) compared to
only 4 MRSA isolates reported by Abrha (Abrha A, 2019). The few numbers of
MRSA in Abrha’s report can not be comparable with the current study.

From an epidemiologic point of view, PVL is present mainly in community-acquired
S.aureus isolates, unlike in most developed nations, a high level of PVL positive
S.aureus was very common from African studies (Schaumburg ® et al., 2014). Pvl
rate between 17- 74 % was reported among 5 African countries, namely Cameron,
Madagascar , Morocco , Niger, and Senegal, and studies from Nigeria and Egypt
(Breurec etal., 2011; Okon et al., 2009,Soliman et al., 2020).

Likewise in Lahore Pakistan pvl gene was positive among 51.2 % (21 /41) of MRSA
and 36.0 % ( 31/86) of MSSA strains that are originally taken from SSTI patients
(Igbal et al., 2018). In Nigeria, among the 96 isolates, 41 (42.7%) were PVL positive,
but the MRSA isolates were PVL negative (Okon et al., 2009). In Germany, Saxony
region, out of 100 S.aureus, 30 (30 %) were pvl positive (Monecke et al., 2011).

Low level of pvl have been reported in many countries including 0.6 % (1/155) in
Saxony, Germany’s from asymptomatic carriers of S. aureus isolates (Monecke et al.,
2009), 11.7 % from HCWs and students nasal isolates in Madagascar (Hogan et al .,
2016), 7.2 % among nasal swabs of HCWs and other healthy individuals in Jordan
(Agela et al., 2015). 3.2 % of S. aureus isolates from medical students of Ecuador
(Bastidas et al., 2019), 0 % in Portuguese study from nasal and hand carriage isolates
( Castro et al., 2016), All the 63 S.aureus isolates that include 48 % MRSA that were

collected between 2006 —to 2007 in Vladivostok, Russia showed pvl gene was not
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detected (Baranovich et al., 2010), 0 % from a study in Brazil isolates from mothers
and neonates (Vieira et al., 2014), 6.5 % (9/139) pvl rate among 324 nasal isolates of
HCWs and students in a university hospital, Southern Brazil (Danelli et al., 2020).

The low prevalence or absence of pvl reported in the aforementioned countries could
be the large sample size we have and the inclusion of different sources of isolates in
our study, which could justify the difference. In addition, there are thoughts that
Africa could be the origin of pvl genes and gradual dissemination of the pvl gene
occur to Europe and other nations (Ruimy et al., 2008). This is substantiated by a
Belgian study where pvl genes have been linked with the importation of these strains
after travel to North Africa and South America. All the 16 MRSA cases were CMRSA
except one case (Denis , et al., 2005). However, whether this assumption or fact needs
a well-controlled observation and historical investigation of the isolates or the putative

genes from representative countries.

On the other hand, there is difference in the study period between the current and
other studies mentioned above. S.aureus strains which were pvl negative could acquire
the genes and pvl encoding strains could emerge. For instance recent work in
Germany showed that among 740 MRSA isolates taken from patients
hospitalized >48 hrs in Heidelberg University Hospital, between 2015 and 2018
6.2 % (n=46) of the isolates were PVL-positive and 32.6 % of PVL-positive MRSA
were linked with hospital-acquired MRSA (Klein et al., 2020) This observation could

support the emergence or increase in pvl genes in the S. aureus pool in countries.

In a systematic review of data from Africa, pvl gene positivity rate varies from
country to country, such as in Algeria pvl rate of 75% (46/61), 30%,(19/64), and 77%
(94/122); In Kenya 20 % (14/69), in Libya 29 % (10/35), and in Nigeria 47 %
(/33/70). In South Africa, 0.3 % (1/320), 4% (4/97) and 9% (5/56); in Tunisia 94 %
( 68/72), 100 % (64/64), and 62(43/69) ; in Uganda 73 % (30/41 and in one
multicenter study, 23 % (20/86) have been reported (Abdulgader et al., 2015), and all
pvl reports were as high as ours or higher than our findings. The number of S.aureus
isolates included in our study is much higher than all the above African studies, which

might be explained by the diversity of the source of specimen in our study. .

Other countries in Africa reported a high pvl rate as ours even up to 100 % pvl

positivity. One of the Malian studies showed a high proportion of pvl even reaching
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up to 100 % specially for ST152 isolates that were taken from nasal swabs (Ruimy
et al., 2008). This is true also in our findings where 4/11 ST 152 were pvl positive and
mecA positive. Likewise, Out of 91 clinical isolates of S. aureus from a regional
Hospital in Arkhangelsk, Russia 44 % of them were pvl positive both from MSSA
and MRSA (Vorobieva et al., 2008) . A study from Spain also reported pvl rate of
36.4 % among 113 MSSA invasive S. aureus collected from 21 Spanish hospitals
showed pvl rate of 36.4% (Pérez-Vazquez et al., 2008), in Pakistan also out of 45 S.
aureus isolates taken from skin and soft-tissue infections showed pvl rate of 49 % and
31 % were both pvl and mecA genes positive ( Madzgalla et al., 2016). The high
incidence of pvl in these countries could be attributed to emerging pvl containing

strains in these countries.

In Irag , Duhok, Kurdistan region among 109 S.aureus isolates from HCW , 55
(50.4%) were MRSA carrying the mecA gene and 3.7 % (4/55) were PVL positive
while 54/109 (49.5%) isolates were MSSA and 3.3% were MSSA-PVL positive.
While from 23/103 (22.3%) isolates from community students 5/23 (21.7%) and 17/23
(73.9%) isolates were MSSA-PVL positive and MSSA-PVL negative, respectively
and only one isolate was MRSA and pvl positive ( Hussein N et al., 2019). This is in
contrast with our finding where we have a high pvl rate both from MRSA and MSSA

group. It could be attributed due to the large isolates we have from both groups.

We are not able to test our S.aureus isolates for different toxins except pvl like the
previous studies (Abrha 2019, Monecke et al., 2009) ). It is essential to include
different type of toxins and SCCmec typing to understand the detailed characteristics
of both MSSA and MRSA during carriage and infection.

In earlier times, the presence of pvl positive MSSA/ MRSA have been used as a
marker for community-acquired infection but later the existence of these genes from
hospital-acquired MSSA/MRSA strains explains that the community-acquired strains
are expanding to the hospital settings (Alkharsah, etal., 2018; Etienne ,2005).

The existence of pvl genes in the S.aureus isolates obtained from HCWSs gown in the
current study is an indicator for how much these strains are ubiquitous in the hospital
environments. This finding is in contrast with one report from Northern Brazil that

reported the absence of pvl gene from the nasal and laboratory coats of HCWs (da
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Silva et al., 2020). The large sample size we included (588 HCWs) compared to only
80 HCWs in Brazil may contribute to the absence of pvl in the Brazilian study.
Similarly, the presence of pvl encoding S.aureus from mobile phones of our HCWs
and few administrative staff could call for further investigation of the pvl and other
virulence genes from various sources in TASH and other settings in Ethiopia.

With this regard, a high level of pvl genes from MSSA/ MRSA isolates of HCWs in
TASH is a matter of concern. We did not collect epidemiologic and other important
data except the history of hospital admission and previous surgical procedure. Only
few HCWs had this risk and it is difficult to conclude the source of the S. aureus
isolates in the hospital environment or the community. Until this fact is ruled out, one
can say that our HCWs could play a double role in the acquisition and or transmission
of both health care and community-associated MSSA OR MRSA.

Being pvl is a virulent factor for S aureus (Labandeira-Rey et al., 2007,
Etienne ,2005), the presence of a high level of pvl genes in our findings underscores
that these isolates are potential pathogen that can be easily transmitted among HCWs
themselves, contaminate gowns and mobile phones of HCWs , transmitted to
immune-compromised patients and to the family members of the HCWs during their
daily clinical practice or social life. Transmission of pvl-producing S. aureusto a
physician during the resuscitation of an infant with fatal pneumonia has been
described elsewhere and the physician exhibited numerous furuncles and the isolates
from the physician and the infant were genetically the same ( Chalumeau et al.,
2005).

More importantly one can assume that colonization of HCWSs with pvl positive
S.aureus / MRSA could be potential risk factors for acquiring clinical infection and or

they could act as a source of outbreaks.

4.4. Molecular typing

Spa typing is one of the several molecular genotyping tools that are used to trace the
origin of S. aureus strain its distribution and whether there is a common origin of CC
of both MRSA and MSSA in a particular hospital or community setting ( Mairi et al.,

2020).
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In the current study, we have reported 131 spa types out of 189 S.aureus isolates
indicating the spa types are very diverse. Importantly 67.9 4% of the S.aureus isolates
are found in single spa type meaning only 32.06 % of the 189 S.aureus were found in
two or more frequencies. Spa t355 is the most frequent spa among the various isolates
of S.aureus in this study that occurred 23 times. This is in line with a previous study
done in North Ethiopia (Abrha A 2019). In this study t042 was the most frequent spa
type that was detected 31 times out of 190 S.aureus total isolates, followed by t355
which is the leading spa type in the current study. Similarly, t306, t084, t085,t306,
t314, were commonly found in the current and the study done by Abrha ( Abrha A ,
2019), but with different frequencies. More importantly, t355 was the most frequently
reported spa-type among the clinical isolates in the case of Abrha et al study, and the
first also in our case underscoring this spa type is very common and probably the

leading one among clinical and carriage sources.

On the other hand spa type 042 which was the most frequent spa type in Abrha study
(Abrha 2019) it was not found in the current study along with t4206, t458, t002, and
other spa types. Remarkably, out of 31 t042 strains in Abrha report, 29 of them were
found among milk sources and only one each from SSTI and nasal source , and its
absence in the current study may be the fact that spa type 042 is a rare spa type among
nasal and clinical isolates. Since our sample source comprises of nasal, gown, mobile
phones, and clinical samples the presence of diverse spa type is expected. This
observation is supported by a previous study from dairy cows of smallholder farms in
North West Ethiopia (Mekonnen et al., 2018). About 79 S.aureus isolates from
intramammary infections were categorized in to 20 spa types (t355, t409, 117185,
110018, t14061, t2085, t17834, t4206, t9300, t17835, t17184, t306, t223, t2801, t273,
t1376, t448, t4701, t042, t15786) and t042 was the leading spa types followed by
t15786 which is absent in the current study. Moreover, t223 (17 times) ,t306, and t355
were also reported in Mekonens’ work as well as in the current study (Mekonnen et
al., 2018). The existence of additional spa types that is reported for first time in
Ethiopia indicated that we have collected large number of S.aureus isolates from
different sources which increase the diversity of the spa types. However, there are
untypable isoaltes that might be due to mutation of the spa gene that may not be

expressed.
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In the current study, we have got spa type t085,t306, t085.5338 which were also found
in the milk, nasal, and or SSTI isolates in Abrha study (Abrha 2019) also indicating
these spa types could be ubiquitous. The presence of these spa types could tell us there
might be a transmission of these strains from humans to animals or from animals to

humans through milk consumption but needs to be confirmed by future studies.

Moreover, spa type t223, t085, t131, and t003 were found with a frequency of 20
times, 19 times, 13 times, and 12 times respectively and these spa types are the most
frequent ones in our study next to spa type 355 which is different in terms of
frequency from previous Ethiopian study. Moreover, there are many spa types that are
not reported in the previous studies in Ethiopia that indicated the large S.aureus
isolates we include in the current research work compared to others studies so far
which allows us to obtain many spa types that are reported for the first time in
Ethiopia. Spa type 003 was one of the dominant MRSA spa types among MRSA
isolates found in Heidelberg, Germany between 2015 to 2018 ( Klein et al., 2018)
along with t002 (44/734), t127 (41/734), t008 (36/734) and t063 (20/734) were also
found to be the dominant spa types which most are not reported in our case. This is
mainly attributed to their isolates being taken from hospitalized patients unlike ours

which are from mixed sources.

Among the listed spa type in a Kenyan study, t131, t064, t318, t223, t355, t314, t318
are also obtained in our study showing that these two countries could share these
S.aureus strains (Omuse et al., 2016). However, our isolates are much higher than the
Kenyan collection (93 S.aureus isolates ), and difference in the study period might
contribute to the large difference in the spa types between the current Ethiopian and
Kenyan study. More interestingly, spa type 037 is the dominant spa type reported from
Kenya which is absent in our report. The previous report from Mali also underscore
that spa type t355 was noted in 7 out of 21 ST152 isolates (33.3%), t084, noted in two
of the ST152 isolates (9.5%), and spa types t311, t701, each observed one ST152
isolate (4.8%) (Ruimy et al., 2008), where all these spa types were also found in the

current study , which shows that these spa types are common in African countries.

In Europe, a total of 28320 MRSA and MSSA isolates were characterized by spa
typing and t 032 was the most frequent type followed by t008, t002, t044, t003, t067,

t018, and t004 (Asadollahi et al., 2018). While in our analysis although we included
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different S.aureus isolates, only t003, t067, and t018 are observed. Spa type t003 is
found more frequently from HCWs gown (7 times) while 2 strains from each from
HCWs nasal source and mobile sources. An isolate from the nasal cavity of one
administrative staff contained t003. From 8615 Asian isolates, t030, t037,t002,
t437,,11081, t004, t001, and t2460 are the commonly seen spa types. No similar spa
types are found in our case at least from the commonly reported spa in Asia
(Asadollahi et al., 2018).

While from 8141 American S .aureus collection, t008, t002, t242,t012,t084, t003,
t311, and t0149 are the most frequent ones (Asadollahi et al., 2018). In our case, we
have also seen t084 and t003 as one of the most frequent spa types, and t311 at least in
one isolate. From 2126 S.aureus African collection, t037, t084, t064, t1257, t045,
t012, t1443, and t314 are more frequently identified spa types; therefore we expected
more similar spa types in our investigation. However, we have got only t084, t045 and
t314 spa types found also with very low frequency. We were able to see t314 from a
nasal swab of administrative staff working in the hospital, mobile phones of HCWs,
and administrative staff and gown of HCW, and one case of t045 from a clinical
isolate. t084 seen in one isolate of a nasal swab of administrative staff. Surprisingly,
we did not get t037 which is the predominant African spa type and has been
previously reported in Ethiopia by Abrha only from 2 cases of SSTI in the Northern
part of Ethiopia (Abrha ,2019).

We may say that spa t037 is not the most frequent spa type in Ethiopia, rather it can
happen in very limited hosts. This hypothesis should be tested in multiple studies in
the wider geography of Ethiopia. From 192, S. aureus Australian collection, t202,
t037,t437,t172, and t011 are the most frequent spa types summarized in the review
(Asadollahi et al., 2018). None of these commonly reported spa types are observed in
our study. This might be the low number of S.aureus characterized in Australia

compared to ours and other continents. Moreover, Ethiopia is relatively far from

Australia.

Spa type 16218 strain singly found in the mobile phones of an HCW at TASH. This
spa type has been reported from SSTI cases in the Mekele area , Ethiopia ( Abrha
2019) in three cases. This implies that HCW’s mobile phone at TASH could acquire

this clone from patients during clinical practice and there is a possibility of
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transmitting this strain to other patients and family members unless there are hygienic
measures. We have got only a single case and whether it was acquired it at TASH or
not it needs further investigation. Similarly, t084 is observed in a single case of
administrative staff nasal cavity and t 085 found in four nasal swabs of HCWs and 2
each from HCWs mobile phones, HCWSs gowns, nasal swabs of administrative staffs

and mobile phones indicating these strains are also found ubiquitously.

Spa typing from the nasal carriage of MRSA from Ashanti region , Ghana taken from
children result in 35 different spa types and t355 (n = 25), t84 (n = 18), t939 (n = 13)
are the leading spa types (Eibach et al., 2017). Similarly, study from Mali ,spa type
t355 was one of the dominant spa types isolated from the nasal carriage of patients
along with t084, t1149, and t1476 ,t024, t127, t279, t311, t701, t774, t861, and t1215
which were detected from nasal carriage study (Ruimy et al., 2008). The presence of a
high number of spa type t355 and t084 and ST 152 and 15 in the current study makes
these two spas are more common in the aforementioned countries though we have few
isolates from children. It is possible to share some spa types at different continents like
the case of Thromso skin survey; HCWs vs. non-HCWs had a 2. 17 and 3. 16 times
higher risk of colonization by spa types t012 and t015, respectively which are absent
totally in our study (Olsen et al., 2013) but Spa type t084, t065, t018, are also
detected in this study and ours which further indicate spa types like t084, t065, t018
are common spa types even at the continental level. However, the frequencies are

different in each of the studies.

Isolates from HCWs and students in Madagascar (Hogan et al ., 2016) showed that
MRSA carriage with spa type t186 is the leading spa type from the 20 MRSA nasal
isolates along with spa type t2393, 15562, t5772 and 13653 were also detected . In
our study 2 spa type t186 one from the nasal carriage and the other is from clinical

isolate is observed indicating that t186 are commonly circulating in Africa.

Characterization of 159 S.aureus isolates recovered from pus, wound, blood, sputum ,
and cerebrospinal fluid in two tertiary hospitals ,Namazi and Faghihi, in Shiraz ,Iran
between December 2017 to September 2018 showed that t021, t030, t037, t081, t325,
386, 1790, t345, 1816, t1877, t314, 1186, t304, t003, and t018 are the commonest spa
types described in this study (Hashemizadeh et al.,2019) and spa type
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314,t304,t003,t018, and t186 were also detected in the current study either from
clinical sources or nasal swab of HCWs or gown of HCW. Interestingly 2 spa t018
and, 1 out of 3 t314 and 2 out of 12 t003 isolates were MRSA. This further strengthens
the hypothesis that some spa types have a wide distribution across countries and
associated with severe infections. Moreover, spa type t223 ,t131,t937, t085 are the
most frequent spa observed in our study from different source samples including nasal
, mobile phone and gowns of HCWs. Substantially 2/17, t223, 4/7 , t131, 2/5 , t937
and 4/12 , t085 spa types are MRSA.

The existence of unique spa types in each sample source may indicate that there might
be specific spa types that are common in each source, be it in colonization,
contamination of mobile phones and gowns of HCWs , and or clinical sample.
However, the number of spa types under these categories is very small in number in
the majority of the cases and we need to have further investigation to see whether this

association is true or not.

In a study from China, among 127 MRSA and 143 MSSA isolates taken from
different sample sources collected between May 2011 to June 2012, showed that, t030
is the leading type isolated from patients with blood stream infection, drainage, body
fluids, and sputum sources and t309 is the second most frequent spa that is linked with
MRSA associated infection. t309 (15.9%), t4371 (11.4 %), and t796 (6.8 %) are the
leading spa types for causing skin and soft tissue infection (Chen et al., 2014). We had
also a single strain of t309 from clinical isolates and three t701 from colonization and
clinical sources which can be a source of infection for immune-compromised patients

and the carrier themselves.

Spa CCs have been deduced from spa types and CC15, CC22, CC5, CC30, CC121,
CC8, CC20, CC12, CC88, CC152, and CC225 are found in our S.aureus strains. This
is more or less similar with the spa CCs reported by Abrha in 2019 (Abrha ,2019) that
includes CC80, CC15,CC152,CC5, CC25,CC121,CC88,CC1,CC22,CC8, and CC239.
Except for CC225 present only in our case and only CC 239 present from the previous
study, all others CCs are common though there are differences in their frequency.

This is also expected since our isolates were from diverse sources.
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Genotyping of the MRSA in In Dutch-German EUREGIO study reported spa types
t032 (CC22, mecA positive) and t223 (CC22, mecA positive) for three isolates
(Sassmannshausen , et al., 2016). In our study t223 is one of the dominant spa types
both MRSA and MSSA harbouring strains. One strain with spa t223 CC22 MRSA
from diabetic foot ulcer case and another spa t223 CC22 MRSA positive was also
isolated from nasal swab of a medical doctor. Moreover about 18 spa t223 with or
without spa CC 22 is seen from clinical isolates, nasal swabs of different HCWs, a
nasal swab from babies, and isolates from HCW gown. However, no spa t032 is
identified in our analysis. Similarly, we have many spa types which are reported only
in our study. Nasal swabs isolates from HCWs and other healthy individuals in Jordan
also revealed 17 different spa types and spa type t223 was the dominant type among

these groups which goes in line with our findings (Agela et al., 2015).

The availability of different molecular typing for S.aureus allows us to compare
previous and current S. aureus strains, differentiate whether there are outbreaks or not.
Among the various molecular methods spa typing and MLST typing are currently used
in many places around the world ( Stefani et al., 2012).

We have selected randomly 60 S.aureus isolates from different sample source and 52
MLST sequence were generated for 52 S. aureus isolates and 29 STs are
found .These are ST 152 (11), ST5 (3), ST4666(3), ST744(3), ST80(2) ,ST88 (2),
ST449(2),ST1633(2),ST1972(2),ST3781(2),ST4225(2),ST6(1),ST12(1),ST15(1),ST2

1(1),ST22(1),ST25(1),ST51(1),ST97(1),ST190(1),ST204(1),ST290(1),ST489(1),ST67
2(1),ST874(1),ST1886(1),ST2434(1),ST4744(1) and ST5027(1) . It seems that the
STs described here are as diverse as the source of the S.aureus isolates are different.
Meaning, we have included nasal, clinical, gowns of HCWs and isolates from mobile

phones of HCWs and a few administrative staff.

Our findings include many STs that are commonly reported from one previous study
done in Ethiopia. ST 152 is the dominant MLST type (37.9 %) in our study followed
by ST 5, which is in concordance with MLST finding from Southern Ethiopia Gamo
rural hospital where ST 152 is the leading ST though only one MRSA is reported from
80 total strains over 5 years. (Verdu -Expo’sito et al., 2018). However, ST 1, ST 30,
ST121, ST727, ST3199, ST2066, ST3224, ST2431, ST1698, ST772, ST4997, ST676,
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ST3887 that are isolated from patients at Gamo hospital Ethiopia is not found in our
study. Moreover, there is a new STs in this report. This is mainly the fact that our
S.aureus isolates includes clinical , nasal sources and isolates from gowns and mobile
phones which result in a diverse type of STs compared to a single source of sample
mainly from patients with skin infection seen in the Gamo study (Verdu -Expo’sito et
al., 2018). Moreover, our S.aureus isolates are relatively small in number and we

cannot make any generalization.

Data on MLST of S.aureus is lacking in Ethiopia from clinical sources other than
those mentioned above. In one study ST 4550, ST1, ST22, and ST 848 were reported
from S.aureus isolates in milk samples of dairy cows in North Ethiopia which is
generated from representative six S.aureus isolates (Mekonnen et al., 2018). Though
our sample source does not contain milk samples, only ST 22 is found to be a common
MLST both from milk samples and isolates from a nasal swab of HCW at TASH.
This is important as these strains could be transmitted from cows to humans or vise
versa. Interestingly, Mekonen and his colleagues also reported ST 4550 (Mekonnen et
al., 2018) which is a double locus variant of ST 97 that is commonly reported from
bovine mastitis (Smith et al., 2005; Delgado et al., 2011 ).

The existence of one ST 97 (CC97) from carriage source in our study needs a query
where this is a livestock-associated S.aureus strain is dominant or not in Ethiopia.
Probably this is the first report from Ethiopia concerning clinical sources. Ethiopia is a
nation with high livestock resources and very close contacts of humans and animals,
the existence of ST 97 and CC 97 (three isolates) harbouring S.aureus strains is not

unexpected.

A recent review on genotype distribution across the five continents, mentioned that
ST 239 is the most frequent ST reported among Asian and African source countries
(Asadollahi et al., 2018). In this review data from Ethiopia is not included, most
probably the absence of MLST data. Comparatively, our MLST data consists of about
52 S. aureus isolates that includes clinical, carriage and isolates from inanimate
objects like HCWs mobile phone and gowns. We can assume that this is the first
MLST report from Ethiopia in terms of carriage and strains from inanimate objects
like gowns and mobile phones. We may claim that ST 152 is the most frequent MLST

ST type in the Ethiopian context as we observed in our study and a report from a
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clinical sample in a rural hospital in southern Ethiopia also indicated this ST is

common (Verdu -Expo’sito et al., 2018).

Data from meta-analysis mentioned (Asadollahi et al., 2018), ST 8, ST247, and ST 5
are the most frequently seen sequences seen in America (both North and South
America), ST 22, ST8, ST 247 and ST 5 are more frequent in Europe, ST239, ST22
and ST5 are more common in Asia and ST 239, ST15 and ST8 are seen in African
countries. In our investigation, ST 5 are seen in three cases one each from nasal, HCW
gown, and mobile phone. The nasal and gown strains are MRSA. Moreover, we have
got one ST 15 and ST 22 from clinical and nasal isolates respectively. Thus, we need
to analyse more data to understand the MLST distribution of S. aureus isolates in
Ethiopia and other developing nations to expand our understanding of the MLST
patterns of S. aureus. As technology advances countries like Ethiopia and other
developing nations should build their capacity in order to characterize S. aureus strains

and other microbes.

Report from Kenya, Tanzania, Egypt, Algeria , Ghana and MLST report from five
African cities also mentioned ST 5.15,22,25, 152, and some other STs are commonly
found in their analysis. The source of the isolates are mainly clinical and few nasal
swabs (Omuse et al., 2016; Moremi et al., 2019; Soliman et al.,2020 , Eibach et al.,
2017, Djoudi et al., 2015 ,Breurec et al., 2011). Likewise, different countries in Asia
and Europe also reported ST5, ST15, and ST 22 are commonly distributed in the

S.aureus isolates (Sassmannshausen , et al., 2016; Wu et al., 2019,Goudarzi et al.,

2017). MLST type from remote Gabonese Babongo Pygmies region showed that S.
aureus carriage rate of 33% and 10 STs predominated by ST15, ST30, ST72, ST80,
and ST88. (Schaumburg ? et al., 2011) which underscore ST 15, ST80 , and ST88 are

potentially common STs across Africa and other world.

In Turkey, out of 488 MRSA isolated collected ,ST239 (85.1%) was the most
common MLST type followed by ST 737 (4%), and ST97 (2.8%), both SCCmec type
IV. Two isolates were ST80 with SCCmec type 1V (Bozdogan et al., 2013). ST 97 and
ST80 are also observed in our study where both ST80 are MRSA and one ST 97 is
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MSSA. Indicating that ST80 are one of the frequent MLST ST in Ethiopia and
Turkey. However, we did not get ST 239 among Ethiopian isolates which is the most
ST in Turkey , rather ST 152 are the most frequent ST seen among clinical ,carriage

and isolates from gowns of HCWs.

The presence of the same ST alone in different countries does mean that the isolates
are 100 % identical. For instance, we have got MLST ST5 and this ST is also reported
from a study from Lima Peru where the isolate was collected from bloodstream
infection. However, the spa type they mentioned is not present in the ST5 groups of
S.aureus in either of these countries (Garcia et al., 2016). This implies that we need to
use multiple genotyping procedures to compare and contrast different isolates in

different countries with better precision.

In Lima Peru they reported that ST72 is one of the commonest ST and in Taiwan
study (Garcia C et al., 2016), ST59, ST45, and ST239 were the commonest STs of
MRSA both from HCWs and patient group which is undetected in our report (Wu et
al., 2019). Rather 36 .4 % of our ST152 contains MRSA strains. This implies that
there might be specific STs distribution in specific countries and the source of our
S.aureus isolates are mixed one, unlike these two countries which took the isolates

from bloodstream infection.

Similarly, ST 152 and ST5 were dominant clones from 13 acquired clones and ST 5
was also one of the dominant sequences from admitted patients seen in the Tanzanian
study (Moremi et al., 2019). Moreover isolates from SSI in Tanzanian finding, these
two sequences were common. Likewise, we have got one ST22, ST 88 (2), in our
study which is similar to the report from Tanzania ( Moremi et al., 2019) and isolates
from five major African towns ( Breurec et al., 2011). However, we have got different
sequences other than the one reported in Tanzania and other African cities and we did
not have ST 612, 72, 3118, 4266 in our study indicating MLST sequences vary from
place to place even with in the same country not alone in different nations and specific

MLST strains could circulate in a particular places.

In China, out of 78 community-associated S.aureus collected from bloodstream
infection of paediatrics patients ST 188 and ST 7AND ST59 are the commonest
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MSSA and MRSA STs. In addition ST5, ST6, ST20, ST22, ST25, ST26, ST30,
ST121, and ST487 are also seen ( Wang et al., 2012). Only ST 5, ST6, ST 22 are seen
in our finding, and ST152, ST5, ST 15 are dominant though our S.aureus isolates are

small in number compared to the 78 strains in this Chinese study.

What makes our finding more interesting ,though we did not get ST 5 from clinical
isolates, , we have got ST 5 with CC5 from nasal isolates and isolate from gowns of
HCW (doctor) which are MRSA, and one isolate from a mobile phone of a medical
doctor, suggesting these STs are likely the commonest one circulating in patients,
HCWs and the general hospital environment and underscore the strengthening of the
infection prevention system in the hospital. The absence of ST 5 from clinical isolates
is small number of isolates we run for MLST typing which need confirmation large

S.aureus collection.

In an Egyptian study, out of 18 MRSA strains collected for molecular
characterization, two ST 5 VI were identified and these clones were also isolated from
ICUs. Interestingly, out of the 9 HA-MRSA isolates ST80-1V and ST 5-VI were
mentioned (Soliman et al., 2020). In the current MLST analysis, out of 13 MRSA
isolates, two of them were ST 5 (one from a nasal isolate of a mother and one isolate
from the gown of a medical doctor). Moreover, ST 88 MRSA with spa type 690 was
reported among hospitalized patients in Bugando Medical Centre and Sekou Toure
hospital in Mwanza, Tanzania (Moremi et al., 2019). Although we did not get MRSA
strains of ST 88, we have got two MSSA STgg sequences, one from colonization and
one from wound sample isolate. The occurrence of these STs in our study is a good
sign where this strain is circulating in Ethiopia and it can acquire the MRSA genes
through time or this strains harbouring mec A gene is already circulating in the

country.

ST 6,ST15,ST25,ATg0,AT449,ST4g9,ST672,5T1633,ST1972,ST3781,ST4744 are found
only from clinical sources ,ST21,ST22,ST97 and ST2434 found only in nasal
samples ,ST12,ST51,ST204,ST290 and ST1886 is seen only from gowns of HCWs,
while ST 190, ST874, and ST5027 are found only in mobile phones of HCWs. The

presence of such unique STs in each source should be investigated further.
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ST 5 and ST774 are found in clinical, gowns and mobile phones of HCWSs. ST152 is
the most abundant one found in all source types except mobile phones of HCWs. ST88
and ST 4225 found in clinical and nasal sources and in nasal and mobile phones
respectively. Literature is scarce to compare these important findings. The presence of
same STs in two or more sources in the same hospital guides us, these strains are
ubiquitous and precaution should be taken during infection prevention measures. Two
ST 1633 starins and one ST672 MRSA was detected in the current study which was also
reported Kenyan (Kyany’a et al.,2019) and Indian study (Sunagara et al., 2016)

respectively .

In resource-limited cases, MLST typing is done using sequence data generated from
one of the downstream or upstream sequences and one has to use the same primers for
sequencing. Considering there might be a difference in MLST ST whenever we use
only single sequence data, we compared the MLST STs of few isolates using the
upward or the downward sequence. There is concordance in the final MLST ST except

in one isolate and the MLST ST generated here in our work looks acceptable.

In terms of clonal, five types of MLST CCs are seen and CCs 5 is the most frequent
CC that consists of 8STs (ST 5 (3), ST744 (3),ST 874 and ST6) . CC15 consists of 5
STs (ST 1886, ST1972(2), ST2434 and ST 15). Similarly, CC22 has 4 STs
( ST22,ST4225(2) ST21). CC8 has 3STs (ST449 (2) and ST3781) and CC97 has 3
STs ( ST97, ST25, and ST 204). All these are very common MLST CCs around the
world and associated with life-threatening infections (Monecke et al., 2009) CCs
CC1,CC15,CC30,CC121, and CC152 were the major clones of S.aureus which have
been detected among representative S.aureus (MSSA) isolates from five African
towns in Cameroon, Madagascar, Morocco, Niger, and Senegal (Breurecet al., 2010)
suggesting the clonal complex structure of S.aureus could be diverse among different

countries.

We have CC8, from three clinical isolates and one of it MRSA clones, and CC 15
from nasal, clinical, and HCW’s gowns. A study in Germany also reported that CC8
and 15 are the two dominant clones among 155 S.aureus isolates collected from an
asymptomatic carrier in Germany (Monecke et al., 2009). Interestingly in the other
German study, CC22 was found to be common clone of S. aureus among nasal |

isolates (Sassmannshausen , et al., 2016) . However, both CCs are MSSA in
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Germany’s case unlike we have one MRSA from CC8 suggesting this CC could
contain both MRSA and MSSA which could exist in the two countries.

The existence of CC5 ST5 MRSA from HCW gown and a nasal swab of a mother is
one of the important findings in the current study. Likewise we have got CC22 ST 22
MSSA from nasal swab of a medical doctor and CC22 ST 4225 MRSA from a nasal
swab of a medical doctor and the same ST MSSA from a mobile phone of a HCW is a
good indicator these clones are a potential cause for outbreaks or a concern for the
health system of Ethiopia in general and TASH in particular. Both CC5 and CC22
MRSA have been described in various parts of Africa indicating the continental
presence of these clones (Abdulgader et al., 2015). Hence concerted efforts are
required across the country and continents to trace the common clones/ STs of both
MSSA and MRSA and plan appropriate intervention measures accordingly.

WGS data could provide the best discrimination with better quality compared to spa
typing, MLST, and other genotypes methods in general. We have tried to have WGS
data for 18 isolates from nasal sources of HCWs, administrative swabs, gowns of
HCWs, and mobile phones. Moreover, few S aureus isolates of clinical source were
also included and a phylogeny tree was constructed along with known strains of the
organism from the NCBI database. Accordingly, there are five clusters Ato Ato E ,
and most of our S. aureus isolates are poorly separated from the phylogeny and this is
mainly because our isolates are from different sources and most likely the clustering
is far apart. The 16 SrRNA based classification and phylogeny have been used for
long for comparison and classification of prokaroytes as it is stable (Kumar et al.,
2020; Saleh et al., 2018).

In addition, we have also compared our WGSs with known strains of S. aureus from
the database based on the average nucleotide identity (ANIb %). Consequently, LAH-
K12, K55, and K63 had high sequence identity (99.9%) with S. aureus strain BB155
isolated from the nasal carriage.

Like wise, LAH-K12, LAH K55, and LAH K63 had high sequence identity (99.9%)
with S. aureus strain BB155 isolated from the nasal carriage. Interestingly the first two

of our isolates ( LAK12, and LAHKS55 ) were isolated from the nasal swab of a
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medical doctor and a nurse practicing in TASH. While the last strain (LAHKG63) was a
clinical isolate. Suggesting colonization strains are capable of causing invasive and

non-invasive infections (Turne et al., 2019).

LAHKS is a strain isolated from the gown of a nurse and it matches with isolates from
a wound at ANI% 99.92 % which also gives us evidence that gowns of HCWs could
carry potentially pathogenic strain and cause infection of it could be transmitted to
susceptible hosts during practice. Strains LAH K38 , LAHK42, LAHK46 LAHK481
are isolated from the gown of a medical doctor, mobile phone of another medical
doctor, a nasal swab of a nurse that is also MRSA, and nasal source of administrative
staff respectively. All these WGS matches at 99.76 % and above with isolates taken
from blood, blood endocarditis, bacteremia, and wound sample. This is a lot for
infection prevention personnel at TASH strict adherence to hand hygiene and optimal
use of gowns and mobile phones and proper disinfection is crucial to minimize and or

avoid contamination and or infectious conditions.

All in all, as a snapshot, the WGS data is essential to trace the source of infection and
or if there are transmission events in hospital settings especially if our S.aureus
isolates are the same type. Recently in England, longitudinal WGS data indicated that
there were several transmission events of S. aureus among patients and HCWs ( Coll
etal., 2017).

4.5. Knowledge, attitude, and practice HCWs about MRSA prevention and

control

Knowledge, attitude, and practice HCWs about MRSA prevention and control are
important to minimize MRSA burden and transmission in the hospital setting.
Moreover knowing the burden of MRSA from patients, HCWs and environmental
perspectives alone is not enough rather there should be a concerted effort from
microbiological, managerial, and behavioural perspectives of HCWs ( CDC, 2020;

Henderson and Nimmo , 2018)

Hence we have determined the Knowledge attitude and practice of HCWs practicing
at TASH about MRSA prevention and control in general. Overall, 85.6 % of HCWs

had good knowledge. However, knowledge of the score related to hand hygiene,
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58.6 % (343/586) has responded correctly as hand hygiene is the most important and
effective measure to control MRSA transmission and the remaining 41.4 % of HCWs
at TASH had this knowledge gap and this is a matter of concern. This is not unique to
the current finding, as a recent study in West Arisi zone , South East Ethiopia also
showed that out of 648 HCWs enrolled only 53.7 % of them have good knowledge
(Geberemariyam, et al., 2018). While knowledge score of 60.4 % was reported among
226 HCWs of Alnasar Hospital, Saudi Arabia which is comparable with our finding
(Hamid et al., 2019).

More than 55.7 % of HCWs at TASH did not know or remember mupirocin is the
drug of choice for the decolonization of patients or HCWs MRSA. The low level of
knowledge in this regard is partly; the composition of our HCWs is diverse including
doctors, residents, nurses, laboratory personnel, pharmacy personnel, and others. As
different health cadres have different knowledge about treatment, this will reduce the
overall knowledge score. However, we have seen the knowledge gap across all
disciplines. This result also goes with the fact that a significant number of HCWs at
TASH did not take any training about MRSA. Likewise among 585 HCWs, only
51.1 % of them properly define the meaning of methicillin-resistant S.aureus ( MRSA)
which strengthens the previous knowledge. This was also true among nurse graduates
of the University of Southern Mississippi who have an overt lack of knowledge
regarding antibiotic treatment for MRSA (Suss ,2017).

On the other hand HCWs of TASH have a very good knowledge score that MRSA
could be transmitted from HCWs to patients and that clean hands protect MRSA
related illness in the hospital settings, more than 88.8 % of the HCWs and more than
94 % of HCWs also know contaminated hands, cell phone , and gowns could transmit
MRSA in the hospital. This is good news for TASH and continuous updates on MRSA
and other multidrug-resistant microbes should be given. A similar knowledge score is

also reported in a study from Brazil (d Silva et al., 2010)

More than 76.8 % of HCWs knows the benefit of the decolonization of patients with
MRSA before surgery which could reduce MRSA related infection and overall 85.5 %
(503/587) of HCWs at TASH had good knowledge while 14.3 % (84/587) had poor

knowledge about MRSA prevention and control. This is a bit exaggerated from other
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reports as we took 60 % and above as a cut-off for good knowledge. If we increase the

cutoff, definitely the knowledge score will be reduced.

Overall knowledge score was significantly different among the sex of HCWs,
professional category, and level of education (p-value < 0.05). This is expected as
nurses and doctors, doctors and pharmacy personnel, and other health care cadres
could have different educational experiences and exposure to MRSA-related topics.
Similar findings were also noted among HCWs in Alnasar Hospital Saudi Arabia
(Hamid etal., 2019).

Interestingly, those HCWs who use their mobile phone during actual clinical practice
and frequency of changing gown and mobile phone types, source of information
about MRSA, and availability of hand hygiene materials are significantly associated
with the overall knowledge score of HCWs (p-value < 0.05). This means that if
HCWs frequently change their gowns the likely hood of acquiring MRSA could be

minimal.

Similarly, the attitude of HCWs towards MRSA prevention and control at TASH has
been assessed and more than 95 % of HCWs had a positive attitude towards the
importance of a system-wide approach to prevent MRSA in TASH and 91.9 % of
HCWs had also a positive attitude where HCWs can carry MRSA and could transmit
the infection to patients. Importantly 28.8 % of HCWs at TASH believed that (168 /
583) frequent hand hygiene causes irritation of hands and does not halt MRSA
transmission. A similar finding was also reported from very recent work in Jimma
Ethiopia where, 28.1 % of the HCWs have a concern about skin irritation following
the use of alcohol-based hand sanitizer (Assefa D et al., 2021). During the recent
pandemic of COVID 19, a significant number of health care workers in China reported
hand hygiene-induced skin damage (74 %, 321/434). Those who did hand hygiene 10
times per day had dermatitis-like symptoms (Lan J et al., 2020). This underscores the
need to provide the best and safest hand sanitizer for HCWs to maintain compliance.

Over 72.9 % of HCWs (426/ 584) have a positive attitude on the fact that safety
measures taken by health care personnel can minimize MRSA rate in a hospital.
Similarly, a study in Brazil also mentioned that majority of HCWs (94.6 %-98.1 %)
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acknowledged, preventive measures on MRSA benefit both HCWs and patients in
general (da Silva et al., 2010).

About 87.1 % of HCWs in TASH agreed to the screening of all HCWs at TASH and
37 .4 % of HCWs agreed that if they feel ill they should not be isolated from the work
place. About 72.9 % of HCWSs at TASH agreed that safety measures taken by HCWs
minimize MRSA rate. This is good news for the infection prevention committee and
the management; if there is a need for screening and decolonization is sought most
HCWs are ready to do that. Screening of HCWs for MRSA and decolonization is
recommended if there is an outbreak in the hospital and the HCWs are the source of
that outbreak (Sigel, et al., 2006). On the other hand, related to MRSA screening
nurses and HCWs have a concern, for example, nurses in Dutch health facilities and
Norwegian nursing homes, they feel that the impact of MRSA screening has a huge
impact on their life including stress and work banning (Thorstad et al., 2011; van
Heuvel et al., 2020). Therefore, it is important also to consider the impact of MRSA
screening on patients as well as staff while doing MRSA screening and

decolonization.

The overall attitude of HCWs towards MRSA prevention and control at TASH is
significantly different between male and female HCWs. Being female HCWSs have
good attitudes than male HCWs ( OR ,95 ClI, 1.75, 1.25-2.46). This might be females

are taking more safety measures and are more curious than male HCWs.

Similarly, the overall attitudes score is significantly associated with the professional
category and level of education, and nurses and degree holder HCWs at TASH had
more good attitude for MRSA prevention and control. Of course, nurses and degree
holders of all categories are the dominant groups in the current study and such
differences could occur due to the background of the respondents. There was also a
previous report, that nurses are taking more hand hygiene adherence than doctors and
other health cadres (Erasmus et al., 2010). In the Korean study, dentists had a higher
knowledge score compared to dental hygienists and dental technologists while dental
hygienists had higher practice related scores compared to dentists and dental
technologists indicating even in the same field the knowledge and practice could be
different (Yoo et al., 2018)
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There is also a significant difference between overall attitude score with cell phone
types, cell phone cover, frequency of changing gown, use of the mobile phone during
actual clinical practice, source of information about MRSA, availability of sufficient
hand hygiene materials, guidelines, and leaflets about MRSA ( p-value below 0.05). It
has been also described that availability of personal protective equipment, training,
and education, lack of teamwork are important factors for preventing MRSA (da Silva
etal., 2010).

Finally, the practice of HCWs towards MRSA prevention and control at TASH
indicated that only 17.8 % of HCWs (104/583) wash their hands before and after
patient contact. Likewise, 53.3 % (310/ 582) HCWs very often and or often wear
aprons and gowns during contact with patients. Surprisingly,41.1% (234/ 581) of
HCWs in TASH do not clean their cell phone and or cell phone cover. This is in line
with other studies that reported that MRSA mobile phone contamination is higher
among HCWs who did not clean their mobile phones (Heyba et al., 2015). Those
doctors who failed to clean their mobile phone had a 2.4 times risk of contamination
than those who disinfect it. A low level of practice about over infection prevention
(36.3 %) was reported among HCWs in West Arsi zone, southeast Ethiopia. The
presence of training and Infection prevention guidelines are associated with self-
reporting safe infection prevention and being a member of infection prevention
committee are associated with safe practice (Geberemariyam, et al., 2018). However,
our participants are working in tertiary university hospital compared to this study that

may bring slightly higher MRSA prevention practice.

A very low practice score of 24.6 % was reported about infection control among the
HCWs of Alnnasar Hospital Saudi Arabia and the overall practice for all staff was
found to be least (24.6%). The overall compliance with standard precautions was
found to be 26.9% (Hamid et al., 2019).

On the other hand, we used only a questionnaire to collect the KAP data and the
perceived practice mentioned by HCWs above may not be the actual one. HCWs are
expected to apply hand hygiene using the well-known five moments during their

clinical practice ( Sax® et al., 2007). A study done in Brazil affirms that the perceived
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and observed adherence to hand hygiene was found to be 87.9 % and 19 .0 %
respectively (de Oliveira et al., 2017) which underscore the use of observational study

to assess practice-related activities.

About 16.1 % of HCWs never or seldom wash their hands before and after patient
contact, 22.9 % of HCWs never or seldom wear aprons and gowns during contacts
with patients, 39.4 % of HCWs never and or seldom wear a mask during caring or
examining patients, 47 % never and or seldom trained about hand hygiene and other
personal protective devices for preventing MRSA ,11 % of HCWs at TASH never or
seldom clean their gowns and other PPDs and 55.8 % of HCWs at TASH does not
clean cell phone or cell phone cover very often, often or some times. All these practice

gaps are a concern and have to be addressed well.

About 25.6 % and 16.7 % of HCWs at TASH never or seldom encourage their
colleagues to clean their gowns and cell phones, 37.9 % of them never consult
appropriate personnel about MRSA, and 14.1 % of them do it seldom.43. 6 % of
HCWs at TASH do not request regular medical checkup and 14.1 % of them make it
seldom and 35.8 % of HCWSs at TASH never teach families and other friends about
MRSA transmission and 15.3 % of them make it seldom. From MRSA quality
improvement study in the US , HCWSs comfort increased from baseline as they remind
other staff about proper hand hygiene from 61% to 70 % and contact precautions
( Burkitt etal., 2010).

The overall practice score has been summarized by considering a 50 % score and
above from the total 10 practice-related questions. Therefore, 68.4 % (398/ 582) had
good practice while 31.6 % (184/ 582) of HCWSs had poor practice about MRSA

prevention and control measures in general

In the Saudi Arabia study, there was a variation of practice and knowledge score
among sex, occupation, working in high-risk medical wastes, and lack of enough
training for medical staff which is vital for good practice for infection prevention
(Hamid et al., 2019). While in our case slightly significant number of females have
higher overall practice score than male partners which might be linked with their high
number. in TASH, similarly, those who are young also have higher practice scores,

and nurses and medical doctors have overall higher practice scores than other cadres
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as these two groups have more contacts with patients related to MRSA and related

infection.

Moreover, there is no significant difference between the overall practice of HCWs
and MRSA training status, type of mobile phone, presence of mobile phone cover or
not, availability of guideline, /leaflets, history of hospital admission, and surgical
intervention. An effective educational program in Egypt has shown a change in overall
knowledge, attitude, and practice score among Nurses, physicians, and housekeeping
staff (Abdel-Rasoul et al., 2016) underscoring the need for continuous training of

HCWs about MRSA and other infection prevention in general.
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4.6. Strength and Limitation of the Study

4.6.1. Strength

Various sources were used to isolate S. aureus and or MRSA including HCWs,
administrative staff, stored isolates from nasal swabs of mother-child pair and diabetic
patients, and clinical isolates. This could help us to understand the dynamic of MRSA
/' S. aureus in TASH and help us to design appropriate control and prevention
methods.

Second, our study has also tried to include information about the carriage rate of
MRSA among HCWs nasal source in relation to contamination of HCWs gowns and
Mobile phones by this bugs.

The study included the KAP of HCW to identify gaps to help in future interventions
that could help in the planning of infection control and preventive measures in the
study setting.

Last the study included both phenotypic and molecular tests to generate results about
the burden of MRSA in the context of one of the biggest tertiary Hospitals in
Ethiopia , that could serve as a baseline for studies in other hospitals with a similar

setting in Ethiopia and elsewhere.

4.6.2. Limitation of the study

Due to resource limitations and time constraint we are unable to do MLST and WGS
for more isolates to understand the real dynamics of MRSA in our study settings.our
finding may be affcated by recall bias of HCWs for KAP study and we took only a
single swab for MRSA colonization study which we can not estimate MRSA carriage

persistence.
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4.7. Conclusion and Recommendations

4.7.1. Conclusion

We have attempted to determine the burden of MRSA in TASH from HCWs,
administrative staff, patient colonization, and the burden from clinical isolates of S.
aureus. Accordingly, the burden of MRSA nasal colonization was higher among
HCWs than administrative staff . No significant difference was seen between MRSA
nasal carriage and sex of HCWs but significantly HCWs with the age group of 20-26
years and being a nurse were more affected ( p-value < 0.05)

Remarkably, 2.72 % (16/588) mobile phones of HCWSs were contaminated by MRSA
compared to 1.3 % of administrative staff’s mobile phones. More than half of mobile

phone contamination was seen among females HCWs.

The existence of MRSA in the gown of HCWs is a cause for concern as 2.89 % of the
gowns of HCWs were contaminated. On the other hand, the MRSA rate from stored
isolates from mother child pair was found to be very low. Only two individuals were
having MRSA in their nasal cavity which is much lower than the previous study done
in Ethiopia. While MRSA rate is relatively high among S. aureus analysed from stored

isolates of clinical sources based on the Mec A gene.

Antimicrobial susceptibility tests showed that penicillin is the least effective drug for
S. aureus and only 13.02 % of isolates were susceptible to this drug. Importantly,
resistance to Erythromycin and Clindamycin was 15.1 % and 8.8 % respectively.
Overall, there is a significant difference in the resistance patterns of drugs between
MRSA and MSSA strains. Still, vancomycin and rifampicin are the most effective
antibiotics as we did not get resistance isolates in this study unlike some previous

study which report vancomycin-resistance even for carriage isolates.

The spa typing observed in this study is very diverse as the source of the isolates
were different, Hence we have seen 131 spa types from 189 S, aureus isolates from
colonization and contamination of HCWs gowns and mobile phones. Spa type t355 are

the most frequently seen spa-type followed by t223, t085, t131, and t003 which
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occurred 20 times, 19 times, 13 times, and 12 times respectively. Spa type t701, t1828,
t080, t2235, t2302 and t14805,t314, t380, t3841, t11375, t5338, 114350, t062,

t318 ,t693 and t937 were also observed with less frequencies. Much more spa types
are also generated with a frequency of one. We feel that we have analysed many S.
aureus as a result new spa types is reported from Ethiopian perspectives. Spa CC

showed CC15 was the most abundant one followed by spa CC 22.

MLST ST 152, ST 4666, ST 5, ST744, ST 88, ST 80, are the most important MLST
ST generated from the representative S. aureus isolates. Interestingly some of these
STs were MRSA and CC5, CC8, and CC15 are the very common clones both for
MRSA and MSSA groups. The 16 SrRNA sequences phylogenetic tree showed our
isolates are diverse and mostly poorly separated. Based on the average nucleotide
identity and many of our S.aureus isolates showed high similarity with S. aureus

strains identified from various clinical and nonclinical isolates.

Finally, the overall knowledge of HCWs about MRSA prevention and control in
TASH was 85.5 %. The majority of HCWs in TASH have a positive attitude towards
the importance of system-wide approach to prevent MRSA in general in the hospital
(95.2 %, 542/ 582). While 54.68 % of HCWs have a positive attitude and 68.4 % of
them have good practice about MRSA prevention and control measure at TASH and
54.68 % of HCWs have a positive attitude and 68.4 % of them have good practice

about MRSA prevention and control measure at TASH.
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4.7.2. Recommendations

Based on our findings the following recommendations are forwarded:

Updating the real burden of MRSA is essential using phenotypic and genotypic
methods to take preventive measures and track changes for intervention in TASH
TASH as a tertiary level specialized teaching hospital, should use emerging
technologies including advanced molecular methods should be availed for
identification and AST of Microbes including S.aureus / MRSA and other multi-drug
resistant organisms

TASH should avail adequate personal protective devices such as gowns, hand rub, and
uniforms for all HCWs practicing in the hospital with an appropriate guideline to
prevent acquisition and transmission of MDRO within and outside the hospital
settings

Awareness and Practice measures of HCWs and the hospital communities are required
to understand the transmission of MDRO including MRSA.

Policy related to the use of Universal gown and hand hygiene use is required at TASH.
Large-scale studies are required to generate more robust and representative data at the
regional and national level.

Even though, we generated huge evidence on the burden of MRSA at TASH , it is
difficult to recommend decolonization of patients and HCWs at this stage. Additional
evidence from studies on the microbiological, managerial, and policy aspects in TASH

and other hospitals in Ethiopia is needed.
The existence of MRSA and other pathogens in the nasal cavity of HCWs, their

mobile phones, and gowns in TASH require consorted efforts primarily by the HCWSs
themselves, the management at all levels of TASH/ CHS/AAU, and the policymakers.

157



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 158

5.0. References

Abdel-Rasoul GM, Al Bahnasy RA, Mohamed OA, Abdel-Aziz AM, Mourad WS,
Youssef MF.2016. Effect of an educational health program on the knowledge,
attitudes and practices of healthcare workers with respect to nosocomial infections in
the National Liver Institute, Egypt. Menoufia Med J. 29:984-90

Abdulgader SM, Shittu AO, Nicol MP, Kaba M. 2015.Molecular epidemiology of
methicillin-resistant Staphylococcus aureus in Africa: a systematic review. Front
Microbiol. 6:348.

Abie, S., Tiruneh M.. & Abebe W.2020. Methicillin-resistant Staphylococcus
aureus nasal carriage among janitors working in hospital and non-hospital areas: a
comparative cross-sectional study. Ann  Clin  Microbiol Antimicrob. 19, 47
https://doi.org/10.1186/s12941-020-00391-x

Abimana JB; Kato CD, Bazira J. 2019.Methicillin Resistant Staphylocoous aureus
Nasal Colonization among Health care workers at Kampala International University
Teaching Hospital, Southwestern Uganda. Can J Infect Dis Med Microbiol. 2019,DOI
:10.1155/2019/4157869

Abrha A.2019. Phenotypic and Molecular Characterizations of Staphylococcus aureus
Isolates from Human and Dairy Cows in Mekele, Northern Ethiopia, PhD Thesis,
March 20109.

Aftab HB., Zia B, Zahid MF, Raheem A, and Beg MA.2015. Knowledge, Attitude,
and Practices of Healthcare Personnel Regarding the Transmission of Pathogens via
Fomites at a Tertiary Care Hospital in Karachi, Pakistan. Open Forum Infectious
Diseases.. DOI: 10.1093/ofid/ofv208.

Ahmed MO, Elramalli AK, Amri SG, Abuzweda AR and Abouzeed YM. 2012.

Isolation and screening of methicillin-resistant Staphylococcus aureus from health
care workers in Libyan hospitals. EMHJ. 18(1): 37-42.

158



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 159

Albrich, W.C. and S. Harbarth, 2008. Healthcare workers: Source, vector or victim of
MRSA. Lancet Infect. Dis., 8: 289-301.
http://linkinghub.elsevier.com/retrieve/pii/S1473- 3099(08)70097-5.

Al-Harmoosh RA, Mutlag NH, Alabassi MM, Al-Shamari AM, Al-khafaji HM. 2017.
Surface of mobile phone: as a carrier of pathogenic bacteria. Res J Pharm Technol
.10:3461-4. https://doi.org/10.5958/0974-360X.2017.00618.7.

Alkharsah, K.; Rehman, S.; Alkhamis, F.; AINimr, A.M.; Diab, A.; Al-Ali, A.K.2018.
Comparative and molecular analysis of MRSA isolates from infection sites and carrier

colonization sites. Ann. Clin. Microbiol. Antimicrob. 17, 7.

Alzoubi H, Al Madadha M, Al-Mnayyis A , Azzam M, Aldawoud A , Hwaiti D ,
Tarbiah M , Ajamieh MA and Qatamin M.2020. Detection of Methicillin Susceptible
and Resistant Staphylococcus aureus Nasal Carriage and Its Antibiotic Sensitivity
among Basic and Clinical Years Medical Students. Healthcare. 8, 161;
doi:10.3390/healthcare8020161

Amadi EC, Nwagu TN, Emenuga V.2013. Mobile phones of health care workers are

potential vectors of nosocomial agents. Afr J Microbiol Res 7: 2776-2781.

Ammerlaan, H.S., Kluytmans, J.A., Berkhout, H., Buiting, A., de Brauwer, E.I., van
den Broek, P.J., van Gelderen, P., Leenders, S.A., Ott, A., Richter, C., Spanjaard, L.,
Spijkerman, 1.J., van Tiel, F.H., Voorn, G.P., Wulf, M.W., van Zeijl, J., Troelstra, A.,
Bonten, M.J., 2011. Eradication of carriage with methicillin-resistant Staphylococcus

aureus: determinants of treatment failure. J. Antimicrob.Chemother. 66, 2418-2424.

Amorim ML, Vasconcelos C, Oliveira DC, Azevedo A, Calado E, Faria NA,Pereira
M, Castro AP, Moreira A, Aires E, Cabeda JM, Ramos MH, Amorim JM, de
Lencastre H.2009. Epidemiology of methicillin-resistant Staphylococcus aureus
(MRSA) nasal colonization among patients and healthcare workers in a Portuguese
hospital: a pre-intervention study toward the control of MRSA. Microb Drug
Resist.15(1):19-26.

159


https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+M&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Castro+AP&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Moreira+A&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Aires+E&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Cabeda+JM&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Ramos+MH&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=Amorim+JM&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=de+Lencastre+H&cauthor_id=19296773
https://pubmed.ncbi.nlm.nih.gov/?term=de+Lencastre+H&cauthor_id=19296773

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 160

Angadi KM, Misra R, Gupta U, Jadhav S, Sardar M. 2014.Study of the role of mobile
phones in the transmission of Hospital acquired infections. Med J DY Patil
Univ.7:435-8.

Anitha M , Hema priya J, Swathy SR, Pavithra GB. 2015. Prevalence of hand hygiene
among various categories of healthcare workers in hospital setting. IJAR . 1(10): 96-
99.

Antonia F. Chen , Charles B. Wessel , Nalini Rao .2013.Staphylococcus aureus
Screening and Decolonization in Orthopaedic Surgery and Reduction of Surgical Site
Infections. Clin Orthop Relat Res . 471:2383-2399.

Anupriya A , Puhalenthi K, Keerthi S.J, Prethi R., Hemasri V.2018. Microbial
contamination of mobile phones in a teritary care hospital . Int J Community Med
Public  Health. 5(6):2313-2316 . DOI: http://dx.doi.org/10.18203/2394-
6040.ijcmph20182149

Agela AA, Alzoubi HM, Vickers A, Pichon B, Kearnsb AM.2015Molecular
epidemiology of nasal isolatesof methicillin-resistant Staphylococcus aureus from
Jordan . Journal of Infection and Public Health . 8, 90—97

Araya Haile S, Desta K, Woldeamanuel Y.2021. Extended-Spectrum Beta-Lactamase-
Producing Gram- Negative Bacteria on Healthcare Workers’ Mobile Phones: Evidence
from Tikur Anbessa Specialized Hospital, Addis Ababa, Ethiopia. Risk Management
and Healthcare Policy. 14.1-9

Armand-Lefevre L, Ruimy R, and Andremont A. 2005.Clonal Comparison of
Staphylococcus aureus Isolates from Healthy Pig Farmers, Human Controls, and Pigs.
Emerging Infectious Diseases . 11 (5): 711-714

Asadollahi P, Farahani NN, Mirzaii M, Khoramrooz SS, Belkum AV , Asadollahi
K, Dadashi M, and Darban-Sarokhalil D. 2018.Distribution of the Most
Prevalent Spa Types among Clinical Isolates of Methicillin-Resistant and
Susceptible Staphylococcus aureus around the World: A Review. Front Microbiol. 9:
163. doi: 10.3389/fmich.2018.00163

160


http://dx.doi.org/10.18203/2394-6040.ijcmph20182149
http://dx.doi.org/10.18203/2394-6040.ijcmph20182149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asadollahi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farahani%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirzaii%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoramrooz%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Belkum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asadollahi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dadashi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darban-Sarokhalil%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29487578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5816571/
https://dx.doi.org/10.3389%2Ffmicb.2018.00163

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 161

Asfaw T and Genetu D. 2021. High Rate of Bacterial Contamination on Healthcare
Worker’s Mobile Phone and Potential Role in Dissemination of Healthcare-Associated
Infection at Debre Berhan Referral Hospital, North Shoa Zone, Ethiopia. Risk
Management and Healthcare Policy .14, 2601-2608

Askarian M , Zeinalzadeh A, Japoni A, Alborzi A, Memish ZA . 2009. Prevalence
of nasal carriage of methicillin-resistant Staphylococcus aureus and its antibiotic
susceptibility pattern in healthcare workers at Namazi Hospital, Shiraz, Iran.
International Journal of Infectious Diseases. 13:241—247.
http://intl.elsevierhealth.com/journals/ijid

Assefa D, Melaku T ,Bayisa B and Alemu S. 2021.Knowledge, Attitude and Self-
Reported Performance and Challenges of Hand Hygiene Using Alcohol-Based Hand
Sanitizers Among Healthcare Workers During COVID-19 Pandemic at a Tertiary
Hospital: A Cross-Sectional Study. Infection and Drug Resistance .14 303-313

Ayalew W , Mulu W, Biadglegne F. 2019.Bacterial contamination and antibiogram of
isolates from health care workers’ fomites at Felege Hiwot Referral Hospital,

northwest Ethiopia. Ethiop.J. Health Dev. 33(2):128-141

Azene MK, Beyene BA. 2011. Bacteriology and antibiogram of pathogens from
wound infections at Dessie Laboratory, North East Ethiopia. TJHR 13(4):1-10.

Babikerldris M, Mustafa SE, Mohammed MA, Elrayah MAA, Marouf L.2017.
Prevalence of MRSA nasal colonization among community members and healthcare
workers at private and public hospitals in Khartoum State, Sudan. Journal of
Biomedical and Pharmaceutical Research ,6 (3): 61-66.

Baldwin NS, Gilpin DF, Hughes CM, Kearney MP, Gardiner DA, Cardwell
C, Tunney MM.. 2009. Prevalence of methicillin-resistant Staphylococcus aureus
colonization in residents and staff in nursing homes in Northern Ireland. J Am Geriatr
Soc. 57(4):620-6.

Balta B and Derbie F.2003. Nasal Carriage of Methicillin Resistant Staphylocoous
aureus Strains Among Inpatients of Jimma Hospital, SouthWest Ethiopia. Ethiop J

Health Sci . 13(2): 107-116.
161


https://pubmed.ncbi.nlm.nih.gov/?term=Baldwin+NS&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Gilpin+DF&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Hughes+CM&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Kearney+MP&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Gardiner+DA&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Cardwell+C&cauthor_id=19392953
https://pubmed.ncbi.nlm.nih.gov/?term=Tunney+MM&cauthor_id=19392953

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 162

Bannerman TL. Staphylococcus.2003.Micrococcus and other Catalase positive cocci
that grow aerobically., chapter 28, pp 384-404. In Murray PR, Baron EJ, Jorgensen
JH, Pfaler MA, Yolken RH., ASM Press. Manual of Clinical Microbiology, Vol.2 ,8"
ed. ASM Press, 2003, Washington DC. USA.

Baranovich T, Zaraket H, Shabana | I, Nevzorova V, Turcutyuicov V, Suzuki H.
2010. Molecular characterization and susceptibility of methicillin-resistant and
methicillin-susceptible Staphylococcus aureus isolates from hospitals and the
community in Vladivostok, Russia. Clin Microbiol Infect. 16(6):575-82. doi:
10.1111/.1469-0691.2009.02891 .x.

Bastidas CA, Villacrés-Granda |, Navarrete D, Monsalve M, Coral-Almeida
M, and Cifuentes SG. 2019. Antibiotic susceptibility profile and prevalence of mecA
and lukS-PV/IukF-PV genes in Staphylococcus aureus isolated from nasal and
pharyngeal sources of medical students in Ecuador. Infect Drug Resist. . 12: 2553~
2560. doi: 10.2147/IDR.S219358

Bayer AS and Xiong YQ. 2017. Redeploying B-Lactams Against Staphylococcus
aureus: Repurposing With a Purpose. Editoreal commentary. JID. .215:11-13

Bayleyegn B , Mehari A, Damtie D , Negash M. 2021. Knowledge, Attitude and
Practice on Hospital-Acquired Infection Prevention and Associated Factors Among
Healthcare Workers at University of Gondar Comprehensive Specialized Hospital,
Northwest Ethiopia. Infection and Drug Resistance 14, 259-266

Bearman G., Bryant K, Leekha S, Mayer J., Munoz-Price LS., Murthy R, Palmore T,
Rupp ME, White J. 2014. Healthcare Personnel Attire in Non-Operating-Room
Settings. Infection Control and Hospital Epidemiology, 35 (2) :107-121.

Becker K , Pagnier I, Schuhen B, Wenzelburger F, Friedrich AW, Kipp F, Peters
G, von Eiff C. .2006. Does Nasal Cocolonization by Methicillin-Resistant Coagulase-
Negative Staphylococci and Methicillin-Susceptible Staphylococcus aureus Strains
Occur Frequently Enough To Represent a Risk of False-Positive Methicillin-Resistant
S. aureus Determinations by Molecular Methods? Journal of Clin Microbiol .44

(1):229-231, d0i:10.1128/IJCM.44.1.229-231.2006.
162


https://pubmed.ncbi.nlm.nih.gov/?term=Baranovich+T&cauthor_id=19681959
https://pubmed.ncbi.nlm.nih.gov/?term=Zaraket+H&cauthor_id=19681959
https://pubmed.ncbi.nlm.nih.gov/?term=Shabana+II&cauthor_id=19681959
https://pubmed.ncbi.nlm.nih.gov/?term=Nevzorova+V&cauthor_id=19681959
https://pubmed.ncbi.nlm.nih.gov/?term=Turcutyuicov+V&cauthor_id=19681959
https://pubmed.ncbi.nlm.nih.gov/?term=Suzuki+H&cauthor_id=19681959
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bastidas%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villacr%26%23x000e9%3Bs-Granda%20I%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Navarrete%20D%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monsalve%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coral-Almeida%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cifuentes%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=31496767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6701660/
https://dx.doi.org/10.2147%2FIDR.S219358
https://pubmed.ncbi.nlm.nih.gov/?term=Becker+K&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Pagnier+I&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Schuhen+B&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Wenzelburger+F&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Friedrich+AW&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Kipp+F&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=Peters+G&cauthor_id=16390977
https://pubmed.ncbi.nlm.nih.gov/?term=von+Eiff+C&cauthor_id=16390977

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 163

Benito D., Lozano C., Jiménez E., Albdjar M., Gdmez A., Rodriguez JM., Torres C.
2015. Characterization of Staphylococcus aureus strains isolated from faeces of
healthy neonates and potential mother-to-infant microbial transmission through
breastfeeding. FEMS Microbiol. Ecol. 91:fiv007. doi: 10.1093/femsec/fiv007

Bodena, D., Teklemariam, Z., Balakrishnan, S. Tesfa T. 2019. Bacterial contamination
of mobile phones of health professionals in Eastern Ethiopia: antimicrobial
susceptibility and associated factors. Trop Med
Health 47, 15.https://doi.org/10.1186/s41182-019-0144-y

Boyce JM. 2007. Environmental contamination makes an important contribution to
hospital infection. J Hosp Infect. 65(Suppl 2):50-4.

Boyce JM, Potter-Bynoe G, Chenevert C, King T. 1997.:. Environmental
contamination due to methicillin-resistant Staphylococcus aureus: possible infection
control implications. Infect Control Hosp Epidemiol: Journal of the Society of
Hospital Epidemiologists of America . 18(9):622—627.

Bozdogan B, Yildiz O, Oryasin E,Kirdar S, Gilci, B, Aktepe O, Arslan
U, Bayramoglu G, Coban AY, Coskuner SA, Giidiiciioglu H, Karabiber N, Oncu
S, Otkun MT, Ozkutlik N, Ozyurt M, Sener AG.2013. .t030 is the most common spa

type among methicillin-resistant Staphylococcus aureus strains isolated from Turkish
hospitals. Mikrobiyol Bul . 47(4):571-81. doi: 10.5578/mb.5770. (Article in Turkish).

Brady RR, Fraser SF, Dunlop MG, Paterson-Brown S, Gibb AP.2007. Bacterial
contamination of mobile communication devices in the operative environment. J Hosp
Infect. 66(4):397-8.

Brady RR, Wasson A, Stirling 1, McAllister C, Damani NN. 2006. Is your phone
bugged? The incidence of bacteria known to cause nosocomial infection on healthcare

workers' mobile phones. J Hosp Infect. ; 62(1):123-5.

Breurec S, Fall C, Pouillot R, Boisier P, Brisse S, Diene-Sarr F, Djibo S, Etienne

J, Fonkoua MC, Perrier-Gros-Claude JD, Ramarokoto CE, Randrianirina JM
163


https://pubmed.ncbi.nlm.nih.gov/?term=Bozdo%C4%9Fan+B&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Y%C4%B1ld%C4%B1z+O&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Orya%C5%9F%C4%B1n+E&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=K%C4%B1rdar+S&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%BClc%C3%BC+B&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Aktepe+O&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Arslan+U&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Bayramo%C4%9Flu+G&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Coban+AY&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Co%C5%9Fkuner+SA&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%BCd%C3%BCc%C3%BCo%C4%9Flu+H&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Karabiber+N&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Onc%C3%BC+S&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Tatman+Otkun+M&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Ozk%C3%BCt%C3%BCk+N&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Ozyurt+M&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Sener+AG&cauthor_id=24237426
https://pubmed.ncbi.nlm.nih.gov/?term=Fall+C&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Pouillot+R&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Boisier+P&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Brisse+S&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Diene-Sarr+F&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Djibo+S&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Etienne+J&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Fonkoua+MC&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Perrier-Gros-Claude+JD&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Ramarokoto+CE&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Randrianirina+F&cauthor_id=20673269

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 164

Thiberge F, Zriouil SB, Working Group on Staphylococcus aureus Infections; Garin
B, Laurent F.2009. Primary skin abscesses are mainly caused by Panton—Valentine

leukocidin-positive Staphylococcus aureus strains. Dermatology . 219: 299-302.

Breurec S, Fall C, Pouillot R,Boisier P,BrisseS,Diene-SarrF,Djibo F,Etienne
F,Fonkoua MC,Perrier-Gros-ClaudeJD,Ramarokoto CE,Randrianirina F,ThibergeJM
ZriouilS B, Garin B, Laurent F, the Working Group on Staphylococcus
aureus infections. 2011. Epidemiology of methicillin-susceptible Staphylococcus
aureus lineages in five major African towns: high prevalence of Panton-Valentine
leukocidin genes. Clinical Microbiol Infect. 17(4) :633-639. //doi.org/10.1111/].1469-
0691.2010.03320.x

Breurec S, Zriouil S, Fall C, Boisier P, Brisse S, Djibo S, Etienne J, Fonkoua M,
Perrier-Gros-Claude J, Pouillot R.2011. Epidemiology of methicillin-resistant
Staphylococcus aureus lineages in five major African towns: emergence and spread of
atypical clones. Clin Microbiol Infect. 17(2):160-5.

Broekema NM, Van TT, Monson TA , Marshall SA,and Warshauer DM.
2009.Comparison of Cefoxitin and Oxacillin Disk Diffusion Methods for Detection
of mecA-Mediated Resistance in Staphylococcus aureus in a Large-Scale Study. J Clin
Microbiol. 47(1): 217-219.doi: 10.1128/JCM.01506-08

Brugnaro P, Fedeli U, Pellizzer G, Buonfrate D, Rassu M, Boldrin C, Parisi
SG, Grossato A, Palu G, Spolaore P. .2009. Clustering and risk factors of methicillin-
resistant Staphylococcus aureus carriage in two Italian long-term care facilities.
Infection. 37(3):216-21.

Burden M, Cervantes L, Weed D, Keniston A, Price CS, Albert RK.2011. Newly

Cleaned Physician Uniforms and Infrequently Washed White Coats Have Similar

Rates of Bacterial Contamination After an 8-Hour Workday: A Randomized
Controlled Trial .Journal of Hospital Medicine .6:177-182. DOI 10.1002/jhm.864

Burkitt KH, Sinkowitz-CochranRL, Obrosky DS, Cuerdon T, Miller LJ, Jain

R, Jernigan JA, Fine MJ. 2010. Survey of employee knowledge and attitudes before
164


https://pubmed.ncbi.nlm.nih.gov/?term=Thiberge+JM&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Zriouil+SB&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Working+Group+on+Staphylococcus+aureus+Infections%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Garin+B&cauthor_id=20673269
https://pubmed.ncbi.nlm.nih.gov/?term=Laurent+F&cauthor_id=20673269
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://www.sciencedirect.com/science/article/pii/S1198743X14632870#!
https://doi.org/10.1111/j.1469-0691.2010.03320.x
https://doi.org/10.1111/j.1469-0691.2010.03320.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Broekema%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=19020073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=19020073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monson%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=19020073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=19020073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Warshauer%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19020073
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2620872/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2620872/
https://dx.doi.org/10.1128%2FJCM.01506-08
https://pubmed.ncbi.nlm.nih.gov/?term=Brugnaro+P&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Fedeli+U&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Pellizzer+G&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Buonfrate+D&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Rassu+M&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Boldrin+C&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Parisi+SG&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Grossato+A&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Pal%C3%B9+G&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Spolaore+P&cauthor_id=19148574
https://pubmed.ncbi.nlm.nih.gov/?term=Burkitt+KH&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Sinkowitz-Cochran+RL&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Obrosky+DS&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Cuerdon+T&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Miller+LJ&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Jain+R&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Jernigan+JA&cauthor_id=20137828
https://pubmed.ncbi.nlm.nih.gov/?term=Fine+MJ&cauthor_id=20137828

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 165

and after a multicenter Veterans' Administration quality improvement initiative to
reduce nosocomial methicillin-resistant Staphylococcus aureus infections. Am J Infect
Control. .38(4):274-82. doi: 10.1016/j.ajic.2009.08.019.

Calfee DP, Salgado CD, Milstone AM, Harris AD, Kuhar DT, Moody J, Aureden
K, Huang SS, Maragakis LL, Yokoe DS, .2014. Strategies to prevent methicillin-
resistant Staphylococcus aureus transmission and infection in acute care hospitals:
2014 update. Infection Control and Hospital Epidemiol . 35 (7): 772-796

Castro A , Komora N, Ferreira V , Lira A, Mota M , Silva J and Teixeira P. 2016.
Prevalence of Staphylococcus aureus from nares and hands on health care
professionals in a Portuguese Hospital. Journal of Applied Microbiology. 121, 831—
839,d0i:10.1111/jam.13186.

Cauwlier B., Gordit B., Descheemaecker P and Van Landuyt H. 2004. Evaluation of
dic diffusion method with cefoxitin (30 ug) for the detection of methicillin resistant

Staphylococcus aureus . Eur J Clin Microbiol Infect Dis 23, 389-392.

CDC,2006. Management of Multi-Drug Resistant Organisms in Healthcare Settings,
2006: http://www.cdc.gov/hicpac/pdf/guidelines/MDROGuideline2006.pdf

CDC,2007. Guidelines for Isolation Precautions: Preventing Transmission of
Infectious Agents in Healthcare Settings:

http://www.cdc.gov/hicpac/pdf/isolation2007.pdf

CDC,2014. General Information About MRSA in Healthcare Settings. Centers for
Disease Control and Prevention, Atlanta, GA.

CDC,2019. Guidance for the Selection and Use of Personal Protective Equipment in

Healthcare Settings: http://www.cdc.gov/HAl/prevent/ppe.html/2019
CDC.2007. Guidelines for Isolation Precautions: Preventing Transmission of

Infectious Agents in Healthcare Settings:

http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf

165


https://pubmed.ncbi.nlm.nih.gov/?term=Calfee+DP&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Salgado+CD&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Milstone+AM&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Harris+AD&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Kuhar+DT&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Moody+J&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Aureden+K&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+SS&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Maragakis+LL&cauthor_id=24915205
https://pubmed.ncbi.nlm.nih.gov/?term=Yokoe+DS&cauthor_id=24915205
http://www.cdc.gov/HAI/prevent/ppe.html
http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 166

CDC.2020. Cleaning and disinfecting your home.
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/  disinfecting-your-
home.html; 2020.

Chalumeau M, Bidet P,Lina G, Mokhtari M, André M, Gendrel D, Bingen E,
Raymond J. 2005. Transmission of  Panton-Valentine  Leukocidin—
Producing Staphylococcus aureusto a Physician during Resuscitation of a
Child, Clinical Infect Dis. 41:3 e29-€30, https://doi.org/10.1086/431762

Chen CB, Chang HC, Huang YC.2010. Nasal meticillin-resistant Staphylococcus
aureus carriage among intensive care unit hospitalized adult patients in a Taiwanese
medical centre: one time-point prevalence, molecular characteristics and risk factors
for carriage. J Hosp Infect. 74(3):238-44.

Chen Y, Liu Z, Duo L, Xiong J, Gong Y, Yang J, Wang Z, Wu X, Lu Z, Meng
X, Zhao J, Zhang C, Wang F, Zhang Y, Zhang M, and Han L. 2021.Characterization
of Staphylococcus aureus from Distinct Geographic Locations in China: an
increasing prevalence of spa-t030 and SCCmec type IIL. PLoS
One. 2014;9(4):€96255. doi: 10.1371/journal.pone.0096255

Chessa D, Ganau G, Spiga L, Bulla A, Mazzarello V, Campus GV, Rubino S. 2016
Staphylococcus aureus and Staphylococcus epidermidis Virulence Strains as
Causative Agents of Persistent Infections in Breast Implants. PLoS ONE 11(1):
e0146668. doi:10.1371/journal.pone.0146668.

Cirkovic I, Stepanovic S, Skov R, Trajkovic J, Grgurevic A, Larsen AR.(2015.
Carriage and Genetic Diversity of Methicillin-Resistant Staphylococcus aureus among
Patients and Healthcare Workers in a Serbian University Hospital. PLoS ONE 10(5):
e0127347. doi:10.1371/journal. pone.0127347.

Clinical and Laboratory Standards Institute (CLSI,2018). Methods for Dilution of
Antimicrobial Susceptibility Testing for Bacteria That Grow Aerobically; Approved
Standard—Seventh Edition. CLSI document M7-A7. Clinical and Laboratory
Standards 671 Institute, Wayne, PA, USA 2018.

166


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/
https://doi.org/10.1086/431762
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gong%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24763740
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24763740

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 167

Coello R, Jimenez J, Garcia M, Arroyo P, Minguez D, Fernandez C, Cruzet F, Gaspar
C.1994. Prospective study of infection, colonization and carriage of methicillin-
resistant Staphylococcus aureus in an outbreak affecting 990 patients. Eur J Clin
Microbiol Infect Dis, 13(1):74-81.

Coll F, Harrison EM, Toleman MS, Reuter S, Raven KE, Blane B, Palmer
B, Kappeler ARM, M, Brown NM, Torok ME , Parkhill J, and Peacock SJ.2017.
Longitudinal genomic surveillance of MRSA in the UK reveals transmission patterns
in  hospitals and the community. Sci  Transl  Med. 9(413):
doi: 10.1126/scitransImed.aak9745.

CSA, Ethiopia 2007. Summary and Statistical Report of the 2007 Population and
housing Census. Population size by age and sex, Federal Democratic Republic of
Ethiopia, Population Census Commission.

da Silva AM ; de Carvalho MJ; da Silva Canini SRM ; Elaine Drehmer de Almeida
Cruz DDA; Simfes CLAP; Gir E.2010.Methicillin resistant Staphylococcus aureus:
knowledge and factors related to the nursing team’s adherence to preventive measures.
Rev. Latino-Am. Enfermagem .18:3https://doi.org/10.1590/S0104-
11692010000300008

da Silva LSC, Andrade YMFS, Oliveira AC.,Cunha BC., Oliveira EG.,Cunha TS.,
Mafra SS., Almeida JB., Carvalho SP., Nascimento FS., Junior MNS., Chamon RC.,
Santos KRN., Campos GB., Marques LM.2020 .Prevalence of methicillin-resistant
Staphylococcus aureus colonization among healthcare workers at a tertiary care
hospital in northeastern Brazil .Infection Prevention in Practice.2 100084.
https://doi.org/10.1016/j.infpip.2020.100084

Dagnew M., Tiruneh M., Moges F., Tekeste Z.2014.Survey of nasal carriage of

Staphylococcus aureus and intestinal parasites among food handlers working at

Gondar University , Northwest Ethiopia. BMC Public Health 12: 837.
Doi.org/10.1186/1471-2458-12-837

Danelli T., Duarte FC., de Oliveira TA., da Silva RS., Alfieri DF., Gongalves GB., de

Oliveira CF., Tavares ER., Yamauchi LM., Perugini MRE., Yamada-Ogatta SF.
167


https://www.ncbi.nlm.nih.gov/pubmed/?term=Coll%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toleman%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raven%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blane%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kappeler%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=T%26%23x000f6%3Br%26%23x000f6%3Bk%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parkhill%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peacock%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=29070701
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=29070701
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=29070701
https://dx.doi.org/10.1126%2Fscitranslmed.aak9745
https://doi.org/10.1590/S0104-11692010000300008
https://doi.org/10.1590/S0104-11692010000300008
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://www.sciencedirect.com/science/article/pii/S2590088920300482#!
https://pubmed.ncbi.nlm.nih.gov/?term=Danelli+T&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte+FC&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=de+Oliveira+TA&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=da+Silva+RS&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Frizon+Alfieri+D&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Gon%C3%A7alves+GB&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=de+Oliveira+CF&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=de+Oliveira+CF&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Tavares+ER&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Yamauchi+LM&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Perugini+MRE&cauthor_id=33343658
https://pubmed.ncbi.nlm.nih.gov/?term=Yamada-Ogatta+SF&cauthor_id=33343658

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 168

2020.Nasal Carriage by Staphylococcus auras among Healthcare Workers and
Students Attending a University Hospital in Southern Brazil: Prevalence, Phenotypic,
and Molecular Characteristics . Hindawi Interdisciplinary Perspectives on Infectious
Diseases Volume 2020, Article ID 3808036, 11 pages
https://doi.org/10.1155/2020/3808036

Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR.2004.: Methicillin
resistant Staphylococcus aureus (MRSA) nares colonization at hospital admission and
its effect on subsequent MRSA infection. Clin Infect Dis, 39(6):776-782.

de Moura JP and Elucir Gir E.2007. Nursing staff knowledge of multi-resistant
bacterial infections. Acta paul Enferm, 20 (3): 3511-6.

de Oliveira AC, de Paula AO, Gama CS.2017. Monitoring hand hygiene: direct

observation versus self-report rates. Enfermeria Global. 16 (4):344-53

de Oliveira AC, Silva MDM, Garbaccio JL.2012. Reservoirs of Microorganisms : An
Integrative Review . Text Context Nursing, Floriandpolis, 21(3): 684-91.

de Oliveria AC, Gama CS, de Paula AO. 2017. Adherence and factors related to
acceptance of alcohol for antiseptic hand rubbing among nursing professionals. Rev
Esc Enferm USP. /51:e03217.doi.: http://dx.doi.org/10.1590-220x2016037803217.

del Giudice P, Blanc V, de Rougemont A, Bes M, Lina G, Hubiche T, Roudiére
L, Vandenesch F, Etienne J..2009. Primary skin abscesses are mainly caused by
Panton—Valentine leukocidin-positive Staphylococcus aureus strains. Dermatology
219: 299-302.

Delgado S, Garcia P, Fernandez L, Jiméenez E, Rodriguez-Bafios M, del Campo R,
Rodriguez JM.2011. Characterization of Staphylococcus aureus strains involved in

human and bovine mastitis. FEMS Immunol Med Microbiol. .62:225-35.

deMoura JP and GirE. 2007. Nursing staff knowledge of Multi-resistant bacterial
Infections. Acta Paul Enferm .20(3):351-356

168


https://doi.org/10.1155/2020/3808036
https://pubmed.ncbi.nlm.nih.gov/?term=del+Giudice+P&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Blanc+V&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=de+Rougemont+A&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Bes+M&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Lina+G&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Hubiche+T&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Roudi%C3%A8re+L&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Vandenesch+F&cauthor_id=19648730
https://pubmed.ncbi.nlm.nih.gov/?term=Etienne+J&cauthor_id=19648730

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 169

Denis O, Jans B, Deplano A, Nonhoff C, De Ryck R, Suetens C, Marc J, Struelens
C.2009. Epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) among
residents of nursing homes in Belgium. J Antimicrob Chemother. 64 (6):1299-306.

Denis O, Deplano A, De Beenhouwer H, Hallin M, Huysmans G, Garrino
MG, Glupczynski Y, Malaviolle X, Vergison A, 2005.Struelens MJ. Polyclonal
emergence and importation of community-acquired  methicillin-resistant
Staphylococcus aureus strains harboring Panton-Valentine leucocidin genes in
Belgium. J Antimicrob Chemother. ;56(6):1103-6. doi: 10.1093/jac/dki379.

Dessalegn L, Shimelis T, Tadesse E, Gebre-selassie S. 2014. Aerobic bacterial isolates
from post-surgical wound and their antimicrobial susceptibility pattern: a hospital
based cross-sectional study. J Med Res 3(2):018-023.

Dilnessa T, Bitew A.2016. Prevalence and antimicrobial susceptibility pattern of
methicillin resistant Staphylocoous aureus isolated from clinical samples at Yekatit 12
hospital Medical College, Addis Ababa, Ethiopia . BMC Infect Dis ,16:398 https://
doi.org/10.1186/s12879-016-1742-5

Drago L , Cappelletti L, Lamartina C, Berjano P, Mattina R, De Vecchi E.2015..
Colonization by methicillin resistant Staphylococci of nares and skin in healthcare
workers: a pilot study in spinal surgeries. Injury, Int. J. Care Injured 46 ,S8 S77-
S80.

Dulon M , Peters C, Schablon A, Nienhaus A.2014. MRSA carriage among healthcare
workers in non-outbreak settings in Europe and the United States: a systematic review.
BMC Infect Dis . 14:363. doi: 10.1186/1471-2334-14-363.

ECDC, 2012. Antimicrobial resistance surveillance in Europe 2011. European Centre
for Disease Prevention and Control. ISBN 978-92-9193-398-3.

Efa F., Alemu Y., Beyene G., Gudina EK, Kebede W.2019.Methicillin Resistant

Staphylococcus aureus carriage among medical students of Jimma University,
Southwest Ethiopia. Heliyon. 5(1):e01191.D0i:10.1016/j.heliyon.2019.e01191

169


https://pubmed.ncbi.nlm.nih.gov/?term=Denis+O&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Jans+B&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Deplano+A&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Nonhoff+C&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=De+Ryck+R&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Suetens+C&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Struelens+MJ&cauthor_id=19808236
https://pubmed.ncbi.nlm.nih.gov/?term=Denis+O&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Deplano+A&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=De+Beenhouwer+H&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Hallin+M&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Huysmans+G&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Garrino+MG&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Glupczynski+Y&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Malaviolle+X&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Vergison+A&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Struelens+MJ&cauthor_id=16223937
https://pubmed.ncbi.nlm.nih.gov/?term=Dulon+M&cauthor_id=24996225
https://pubmed.ncbi.nlm.nih.gov/?term=Peters+C&cauthor_id=24996225
https://pubmed.ncbi.nlm.nih.gov/?term=Schablon+A&cauthor_id=24996225
https://pubmed.ncbi.nlm.nih.gov/?term=Nienhaus+A&cauthor_id=24996225

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 170

Efstathiou, G., Papastavrou, E., Raftopoulos, V., Merkouris, A. 2011.Factors
influencing nurses’ compliance with Standard Precautions in order to avoid

occupational exposure to microorganisms: a focus group study. BMC Nurs 10, 1.

Eibach D , Nagel M, Hogan B, Azuure C,Krumkamp R, Dekker D,Gajdiss M,Brunke
M,Sarpong N,Owusu-Dabo E, May J.2017. Nasal Carriage of Staphylococcus aureus
among Children in the Ashanti Region of Ghana. PLoS ONE 12(1): e0170320.
doi:10.1371/journal.pone.0170320

El Aila, N.A., Al Laham, N.A. & Ayesh, B.M. 2017.Nasal carriage of methicillin
resistant Staphylococcus aureus among health care workers at Al Shifa hospital in
Gaza Strip. BMC Infect Dis 17, 28 . https://doi.org/10.1186/s12879-016-2139-1

Eldridge NE, Woods SS, Bonello RS, Clutter K, Ellingson L, Harris MA, Livingston
BK, Bagian JP, Danko LH, Dunn EJ, Parlier RL, Pederson C, Reichling KJ, Roselle
GA, Wright SM.2006..Using the Six Sigma Process to Implement the Centers for
Disease Control and Prevention Guideline for Hand Hygiene in 4 Intensive Care
Units. J Gen Intern Med , 21:S35-42.

Eljedi A, Dalo S. 2014. Compliance with the national Palestinian infection prevention
and control protocol at governmental pediatric hospitals in gaza governorates. Sultan
Qaboos Univ Med J. 14(3):e375.

Elkholy M, Ewees I. 2010. Mobile (cellular) phones contamination with nosocomial

pathogens in intensive care units. Med J Cairo Univ. 78(2):1-5.

Emaneni M., Jobalameli F., Rahdar H., Van Leeuwen WB., Beigverdi R. 2017. Nasal

carriage rate of methicillin resistant Staphylocoous aureus among Iranian health care

workers : a systematic review and meta analysis. Rev Soc Bras Med Trop 50 (5): 590-
597

Engdaw GT, Gebrehiwot M and Andualem Z. 2019. Hand hygiene compliance and
associated factors among health care providers in Central Gondar zone public primary
hospitals, Northwest Ethiopia. Antimicrobial Resistance and Infection Control. 8:190

https://doi.org/10.1186/s13756-019-0634-z
170


https://pubmed.ncbi.nlm.nih.gov/?term=Eldridge+NE&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Woods+SS&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Bonello+RS&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Clutter+K&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Ellingson+L&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Harris+MA&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Livingston+BK&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Bagian+JP&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Danko+LH&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Dunn+EJ&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Parlier+RL&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Pederson+C&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Reichling+KJ&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Roselle+GA&cauthor_id=16637959
https://pubmed.ncbi.nlm.nih.gov/?term=Wright+SM&cauthor_id=16637959
https://doi.org/10.1186/s13756-019-0634-z

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 171

Erasmus V, Daha TJ, Brug H, Hendrik Richardus J, Behrendt MD, Vos MC, van
Beeck EDF .2010. Systematic review of studies on compliance with hand hygiene

guidelines in hospital care. Infect Control Hosp Epidemiol.31(3):283.

Eshetie S., Tarekegn F., Moges F., Amsalu A., Birhan W. & Huruy K. 2016.
Methicillin resistant Staphylococcus aureus in Ethiopia: A meta-analysis. BMC
Infectious Diseases. 16(1):689. https://doi.org/10. 1186/s12879-016-2014-0 PMID:
27871245

Etienne J. 2005. Panton-Valentine Leukocidin: a marker of severity for
Staphylococcus  aureus  infection?  Clinical  Infect  Dis..41(5):591-593.
https://doi.org/10.1086/432481 PMID: 16080078

Fadeyi, A., Bolaji, B., Oyedepo, O., Adesiyun, O., Adeboye, M., Olanrewaju, T.,
Aderibigbe, A., Salami, A., Desalu, O., Fowotade, A., Nwabuisi, C., Akanbi II, A,
Raheem, R. & Olalere, A. 2010. Methicilin Resistant Staphylococcus aureus Carriage
amongst Healthcare Workers of the Critical Care Units in a Nigerian
Hospital. American Journal of Infectious Diseases, 6(1), 18-23.
https://doi.org/10.3844/ajidsp.2010.18.23

FDA ,2015. Premarket Notification Requirements Concerning Gowns Intended for
Use in Health Care Settings. Guidance for Industry and Food and Drug
Administration Staff. December ,2015.

FDA.2020.  Personal  Protective  Equipment  for  Infection  Control,
https://www.fda.gov/medical-devices/general-hospital-devices-andsupplies/ personal-

protective-equipment-infection-control (date of accession 2021-02-20).

French GL.2009. Methods for screening for methicillin-resistant Staphylococcus

aureus carriage. Review. Clin Microbiol Infect . 15 (Suppl. 7): 10-16

Garau J, Bouza E, Chastre J, Gudiol F and Harbarth S. 2009. Management of
methicillin-resistant Staphylococcus aureus infections.Review . Clin Microbiol Infect
15: 125-136

171


https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Ed%20F.%20van%20Beeck%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Ed%20F.%20van%20Beeck%20&eventCode=SE-AU
https://doi.org/10
https://doi.org/10.3844/ajidsp.2010.18.23
https://www.fda.gov/medical-devices/general-hospital-devices-andsupplies/

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 172

Garcia C, Acufia-Villaordufia A, Dulanto A, Vandendriessche S, Hallin M, Jacobs
J., Denis O. 2016. Dynamics of nasal carriage of methicillin-resistant Staphylococcus
aureus among healthcare workers in a tertiary-care hospital in Peru. Eur J Clin
Microbiol Infect Dis. 35(1):89-93. doi: 10.1007/s10096-015-2512-9.

Gaspard P, Eschbach E, Gunther D, Gayet S, Bertrand X, Talon D.2009. Meticillin-
resistant Staphyococcus aureus contamination of healthcare workers’ uniforms in

long-term care facilites. J Hosp Infect. 71(2):170-5.

Geberemariyam, B.S., Donka, G.M. & Wordofa, B. 2018.Assessment of knowledge
and practices of healthcare workers towards infection prevention and associated
factors in healthcare facilities of West Arsi District, Southeast Ethiopia: a facility-
based cross-sectional study. Arch Public Health 76, 69
https://doi.org/10.1186/s13690-018-0314-

Gebremedhin G., Gebremariyam TT., Wasihun AG., Dejene TA., Saravanan M. 2016.
Prevalence and risk factors of methicillin resistant Staphylocoous aureus colonization
among HIV Pateints in Mekele , Northhern Ethiopia. Springerplus 5(1):877.doi:
10.1186/s40064-016-2613-7

Gebreyesus A, Gebre-Selassie S, Mihert A. 2013.Nasal and hand carriage rate of
methicillin resistant Staphylococcus aureus (MRSA) among health care workers in
Mekelle Hospital, North Ethiopia. Ethiop Med J. 51 (1):41-7.

Genc O and Arikan 1. 2020. The relationship between hand hygiene practices and
nasal Staphylococcus aureus carriage in healthcare workers. Med Lav. 111, 1: 54-62
DOI: 10.23749/mdl.v111i1.8918.

Getahun K, Kelay B, Bekana M, Lobago F. 2008. Bovine mastitis and antibiotic
resistance patterns in Selalle small holder dairy farms, central Ethiopia. Trop Anim
Health Prod 40(4):261-268.

Ghanwate, N. , Thakare P, Bhise PR & Gawande S.2016. Colorimetric method for
rapid detection of Oxacillin resistance in Staphylococcus aureus and its comparison

with PCR for mec A gene. Sci. Rep. 6, 23013; doi: 10.1038/srep23013 (2016).
172


https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+C&cauthor_id=26515579
https://pubmed.ncbi.nlm.nih.gov/?term=Acu%C3%B1a-Villaordu%C3%B1a+A&cauthor_id=26515579
https://pubmed.ncbi.nlm.nih.gov/?term=Dulanto+A&cauthor_id=26515579
https://pubmed.ncbi.nlm.nih.gov/?term=Vandendriessche+S&cauthor_id=26515579
https://pubmed.ncbi.nlm.nih.gov/?term=Hallin+M&cauthor_id=26515579
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobs+J&cauthor_id=26515579
https://doi.org/10.1186/s13690-018-0314-
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gebreyesus%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23930490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gebre-Selassie%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23930490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mihert%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23930490
https://www.ncbi.nlm.nih.gov/pubmed/23930490

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 173

Goes ICRD; Romero LC; Turra AJ; Gotaredi MA; Rodrigues TFSD; Santos LD;
Dores JC; Nascimento Mud ; Cavalleri AC; Pinheiro-Hubinger L; Eller LKW; Pereira
VC,2021. Prevalence of nasal carriers of Methicillin —Resistant Staphylococous
aureus in primary health care units in Brazil. Rev Inst Med Trop Sao
Paulo,;63:e14.doi.org/10.1590/S1678-9946202163014.

Goudarzi M, Seyedjavadi SS , Nasiri MJ , Goudarzi H , Nia RS , Dabiri H.2017.
Molecular characteristics of methicillin-resistant Staphylococcus aureus (MRSA)
strains isolated from patients with bacteremia based on MLST, SCCmec, spa, and agr
locus  types  analysis. Microbial Pathogenesis 104 . 328e335.
http://dx.doi.org/10.1016/j.micpath.2017.01.055

Gould IM. 2013. Controlling hospital MRSA. J Glob Antimicob Resist. 1(1): 43-45.
D0i:10.1016/j.jgar.2013.01.006.

Green BN , Johnson CD, Egan JT, Rosenthal M, Griffith EA, Marion Willard Evans
MW. 2012.Methicillin-resistant Staphylococcus aureus: an overview for manual

therapists. Clinical update. Journal of Chiropractic Medicine . 11, 64-76

Grundmann H., Aires-de-Soura M., Boyce J., Tiemersma E.2006. Emergence and
resurgence of methicillin —resistant Staphylocoous aureus as a public —health threat..
Lancet. 368(9538):874-85. D0i:10.101016/s0140-6736(06)6853-3

Haftu R, Taddele H, Gugsa G, Kalayou S. 2012. Prevalence, bacterial causes, and
antimicrobial susceptibility profile of mastitis isolates from cows in large-scale dairy
farms of Northern Ethiopia. Trop Anim Health Prod 44(7):1765-1771

Hamdan-Partida, A., Sainz-Espunes, T., Bustos-Martinez, J., 2010. Characterization
and persistence of Staphylococcus aureus strains isolated from the anterior nares and
throats of healthy carriers in a Mexican community. J. Clin. Microbiol. 48, 1701-
1705.

Hamid HA , Mustafa MM , Al-Rasheedi M , Balkhi B , Suliman N , Alshaafee W ,
Mohammed SA. 2019. Assessment of Hospital Staff Knowledge, Attitudes and

Practices (KAPS) on Activities Related to Prevention and Control of Hospital
173



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 174

Acquired Infections, International Journal of Prevention and Treatment,;8(1):1-7.doi:
10.5923/}.1jpt.20190801.01.

Harris A.D., Morgan D.J, Pineles L , Perencevich E.N, Barnes S.L. 2017.
Deconstructing the relative benefits of a universal glove and gown intervention on

MRSA acquisition. Journal of Hospital Infection. ,96: 49-53.

Harris AD, Pineles L, Belton B, Johnson JK, Shardell M, Loeb M, Newhouse
R, Dembry L, Braun B, Perencevich EN, Hall KK, Morgan DJ, Benefits of Universal
Glove and Gown (BUGG) Investigators; Shahryar SK, Price CS, Gadbaw JJ, Drees
M, Kett DH, Mufioz-Price LS, Jacob  JT, Herwaldt LA, Sulis CA, Yokoe
DS, Maragakis L, Lissauer ME, Zervos MJ, Warren DK, Carver RL, Anderson
DJ, Calfee DP, Bowling JE, Safdar N.2013. Universal glove and gown use and
acquisition of antibiotic-resistant bacteria in the ICU: a randomized trial. JAMA . 310
(15), 1571-1580.

Hart J., Chrstiansen KJ., Lee R., Heath CH., Coombs GW., Robinson JW. 2014.
Increased EMRSA-15 health care workers colonization demonstrated in retrospective
review of EMRSA hospital outbreaks. Antimicrob Resist Infect Control .3:7.
Doi.org/10.1186/2047-2994-3-7

Hashemizadeh Z, Hadi N , Mohebi S, Kalantar-Neyestanaki D, and Bazargani A
2019. Characterization of SCCmec, spa types and Multi Drug Resistant of methicillin-
resistant Staphylococcus aureus isolates among inpatients and outpatients in a referral
hospital in Shiraz, Iran. BMC Res Notes. 12: 614. doi: 10.1186/s13104-019-4627-z

Henderson A and Nimmo GR .2018.Control of healthcare- and community-associated
MRSA: recent progress and persisting challenges. Invited Review. British Medical
Bulletin, 125:25-41.doi: 10.1093/bmb/Idx046

Hennekinne JA, De Buyser ML, Dragacci S. 2012. Staphylococcus aureus and its food
poisoning toxins: characterization and outbreak investigation. FEMS Microbiol
Rev.36(4):815-836.

Heyba M, Ismaiel M, Alotaibi A, Mahmoud M, Bager H, Safar A, Al-Sweih N and

Al-Taiar A. 2015.Microbiological contamination of mobile phones of clinicians in
174


https://pubmed.ncbi.nlm.nih.gov/?term=Harris+AD&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Pineles+L&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Belton+B&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Johnson+JK&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Shardell+M&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Loeb+M&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Newhouse+R&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Dembry+L&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Braun+B&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Perencevich+EN&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Hall+KK&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Morgan+DJ&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Benefits+of+Universal+Glove+and+Gown+%28BUGG%29+Investigators%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Benefits+of+Universal+Glove+and+Gown+%28BUGG%29+Investigators%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shahryar+SK&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Price+CS&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Gadbaw+JJ&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Drees+M&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Kett+DH&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Mu%C3%B1oz-Price+LS&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Jacob+JT&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Herwaldt+LA&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Sulis+CA&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Yokoe+DS&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Maragakis+L&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Lissauer+ME&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Zervos+MJ&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Warren+DK&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Carver+RL&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Anderson+DJ&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Calfee+DP&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Bowling+JE&cauthor_id=24097234
https://pubmed.ncbi.nlm.nih.gov/?term=Safdar+N&cauthor_id=24097234
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemizadeh%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=31547848
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hadi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=31547848
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohebi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31547848
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalantar-Neyestanaki%20D%5BAuthor%5D&cauthor=true&cauthor_uid=31547848
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bazargani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31547848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6757424/
https://dx.doi.org/10.1186%2Fs13104-019-4627-z

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 175

intensive care units and neonatal care units in public hospitals in Kuwait. BMC
Infectious Diseases . 15:434 DOI 10.1186/s12879-015-1172-9

Hidron Al, Kourbatova EV, Halvosa JS, Terrell BJ, McDougal LK, Tenover
FC, Blumberg HM, King MD. 2005. Risk factors for colonization with methicillin-
resistant Staphylococcus aureus (MRSA) in patients admitted to an urban hospital:
emergence of community-associated MRSA Nasal Carriage. Clin Infect Dis
41(2):159-166.

Hogan B, Rakotozandrindrainy R, Al-Emran H, Dekker D, Hahn A, Jaeger A, Poppert
S, Frickmann H, Hagen RM, Micheel V, Crusius S, Heriniaina
JN, Rakotondrainiarivelo JP, Razafindrabe T, May J, Schwarz NG..2016. Prevalence
of nasal colonization by methicillin-sensitive and methicillin-resistant Staphylococcus
aureus among healthcare workers and students in Madagascar. BMC Infect Dis
.16(1):420. doi: 10.1186/s12879-016-1733-6.

Huskins WC, Huckabee CM, O'Grady NP, Murray P, Kopetskie H, Zimmer
L, Walker  ME, Sinkowitz-Cochran ~ RL, Jernigan  JA, Samore M, Wallace
D, Goldmann DA, STAR*ICU Trial Investigators.2011. Intervention to Reduce
Transmission of Resistant Bacteria in Intensive Care. N Engl J Med . 364:1407-1418.
Hussien NR., Assafi MS., Ljaz T. 2017. Methicillin resistant Staphylocoous aureus
nasal colonization amongst health care workers in Kurdistan Region, Iraq. Journal of
Antimicrobial Resistance 9:78-81. doi.org/10.1016/j.jgar.2017.01.010.

Ibrahem S, Salmenlinna S, Virolainen A and Vuopio-Varkila J. 2007. Nationwide
trends in molecular epidemiology of methicillin-resistant Staphylococcus aureus,
Finland, 1997-2004. BMC Infectious Diseases; . 7:94 doi:10.1186/1471-2334-7-94.

Igbal MS, Saleem Y, Ansari F, Qamar MU, Mazhar S, Hassan A, Nawaz S, Saeed S,
Syed Q. 2018. Staphylococcus aureus carrying lukS/F Panton-Valentine Leukocidin
(PVL) toxin genes in hospitals of Lahore city . J Infect Dev Ctries .12(9):720-725

Isibor JO and Otabor E. 2014. Asymptomatic Carriage of Plasmid-Mediated
Multidrug-Resistant Staphylococcus aureus in Nasal Tracts of Persons in a Semi-
Urban Area of Nigeria. American Journal of Life Sciences. 2014. 2(4): 200-204.

175


https://pubmed.ncbi.nlm.nih.gov/?term=Hidron+AI&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Kourbatova+EV&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Halvosa+JS&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Terrell+BJ&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=McDougal+LK&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Tenover+FC&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Blumberg+HM&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=King+MD&cauthor_id=15983910
https://pubmed.ncbi.nlm.nih.gov/?term=Hogan+B&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Rakotozandrindrainy+R&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Al-Emran+H&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Dekker+D&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Hahn+A&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Jaeger+A&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Poppert+S&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Frickmann+H&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Hagen+RM&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Micheel+V&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Crusius+S&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Heriniaina+JN&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Rakotondrainiarivelo+JP&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Razafindrabe+T&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=May+J&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Schwarz+NG&cauthor_id=27526771
https://pubmed.ncbi.nlm.nih.gov/?term=Huskins+WC&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Huckabee+CM&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Grady+NP&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Murray+P&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Kopetskie+H&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Zimmer+L&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Walker+ME&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Sinkowitz-Cochran+RL&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Jernigan+JA&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Samore+M&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Wallace+D&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=Goldmann+DA&cauthor_id=21488763
https://pubmed.ncbi.nlm.nih.gov/?term=STAR%2AICU+Trial+Investigators%5BCorporate+Author%5D

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 176

James RP, Tanya G, Kevin C, Daniel J. W, Derrick W C, Guy E.T, et al., 2014.
Whole-Genome Sequencing Shows That Patient-to-Patient Transmission Rarely
Accounts for Acquisition of Staphylococcus aureus in an Intensive Care Unit. Clin
Infect Dis. 58(5): 609-618.

Jariyasethpong T, Tribuddharat C, Dejsirilert S, Kerdsin A, Tishyadhigama P, Rahule
S, et al. 2010. MRSA carriage in a tertiary governmental hospital in Thailand:
emphasis on prevalence and molecular epidemiology. Eur J Clin Microbiol Infect Dis.
29 (8):977-85.

Jayalakshmi J, Appalaraju B, Usha S.2008. Cellphones as reservoirs of nosocomial
pathogens. J Assoc Physicians Ind 56: 388-3809.

Jeske HC, Tiefenthaler W, Hohlrieder M, Hinterberger G, Benzer A. 2007.Bacterial
contamination of anaesthetists’ hands by personal mobile phone and fixed phone use

in the operating theatre. Anaesthesia. 62:904-6.

Joachim A, Moyo SJ, Nkinda L, Majigo M, Rugarabamu S, Elizabeth G,. Mkashabani,
Mmbaga MEJ, Mbembati N, Aboud S, Lyamuya EF, 2018."Nasal Carriage of
Methicillin-Resistant Staphylococcus aureus among Health Care Workers in Tertiary
and Regional Hospitals in Dares Salam, Tanzania, International Journal of
Microbiology, Vol,2018,Article ,ID 5058390,7 Pages, 2018,http://
doi.org/10.1155/2018/5058390

Kahsay A, Mihret A, Abebe T, Andualem T. 2014. Isolation and antimicrobial
susceptibility pattern of Staphylococcus aureus in patients with surgical site infection
at Debre Markos Referral Hospital, Amhara Region, Ethiopia. Arch Public Health
72(1):16

Kaiki Y , Kitagawa H , Hara T, Nomura T ,Omori K , Shigemoto N , Takahashi S
,Ohge H .2020. Methicillin-resistant Staphylococcus aureus contamination of hospital
use-only mobile phones and efficacy of 222-nm ultraviolet disinfection .American
Journal of Infection Control .000 . 1—4. https://doi.org/10.1016/j.ajic.2020.11.011

176


https://www.ncbi.nlm.nih.gov/pubmed/?term=Price%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golubchik%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crook%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thwaites%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=24336829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3922217/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3922217/

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 177

Kanayama A, Takahashi H, Yoshizawa S, Tateda K, Kaneko A, Kobayashi 1.2017.
Staphylococcus aureus surface contamination of mobile phones and presence of
genetically identical strains on the hands of nursing personnel. Am J Infect Control.
45:929-931

Kang C-Y, Kang EY-C, Lai C-C, Lo W-C, Chen K-J, Wu W-C, Liu L, Hwang Y-S,
Lo F-S, Huang Y-C. 2021.Nasal Methicillin-Resistant Staphylococcus
aureus Colonization in Patients with Type 1 Diabetes in Taiwan. Microorganisms.
9(6):1296. https://doi.org/10.3390/microorganisms9061296

Kateete DP , Asiimwe BB , Mayanja R, Mujuni B, Bwanga F, Najjuka CF , Kallander
K and Rutebemberwa E. 2019. Nasopharyngeal carriage, spa types and antibiotic
susceptibility profiles of Staphylococcus aureus from healthy children less than 5
years in Eastern Uganda. BMC Infect Dis.19:1023 https://doi.org/10.1186/s12879-
019-4652-5

Kebede E. 2014. Bacteriological examination and antibiotic sensitivity patterns from
hospital environments with special emphasis on the surface of operating room in

government hospitals in Addis Ababa, Ethiopia, MSc thesis.

Kejela, T. and Batcha K.2013. Prevalence and antibiotic susceptibility pattern of
methicillin-resistant Staphylococcus aureus (MRSA) among primary school children
and prisoners in Jimma Town, Southwest Ethiopia. Ann. Clin.Microbiol. Antimicrob.
12:11.

Khanal R., Sahp., Lamichhane P., Lamasal A., Upadhaya S., Pahwa VK.2015. Nasal
carriage of methicillin resistant Staphylcoous aureus among health care workers at a
tertary care hospital in Western Nepal. Antimicrob Resist Infect Control 4:39. Doi:
10.1186/s13756-015-0082-3

Khatri S, Pant ND, Bhandari R, Shrestha KL , Shrestha CD, Adhikari N, Poudel
A.2017. Nasal Carriage Rate of Methicillin Resistant Staphylococcus aureus among
Health Care Workers at a Tertiary Care Hospital in Kathmandu, Nepal. J Nepal Health
Res Counc .15(1):26-30. doi: 10.3126/jnhrc.v15i1.180009.

177


https://doi.org/10.3390/microorganisms9061296
https://pubmed.ncbi.nlm.nih.gov/?term=Khatri+S&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Pant+ND&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Bhandari+R&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Shrestha+KL&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Shrestha+CD&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Adhikari+N&cauthor_id=28714488
https://pubmed.ncbi.nlm.nih.gov/?term=Poudel+A&cauthor_id=28714488

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 178

Klein S, Hannesen J, Zanger P, Heeg K, Boutin S & Nurjadi D . 2020. Entry of
Panton—Valentine leukocidin-positive methicillin-resistant Staphylococcus aureus into
the hospital: prevalence and population structure in Heidelberg, Germany 2015
2018. Sci Rep 10, 13243 https://doi.org/10.1038/s41598-020-70112-z

Knahal R, Sah P, Lamichhane P, Lamsal A, Upadhaya S. and Pahwa VK. 2015. Nasal
carriage of methicillin resistant Staphylococcus aureus among health care workers at a
tertiary care hospital in Western Nepal. Antimicrobial Resistance and Infection
Control . 4: 39 .

Kong EF, Johnson JK, Jabra-Rizk MA 2016. Community-Associated Methicillin-
Resistant Staphylococcus aureus: An Enemy amidst Us. PLoS Pathog 12(10):
€1005837. doi:10.1371/journal.ppat.1005837

Kumar MK, Tayagi C, Sahu A, Desai N, Manjhi J, Mohan KC, Reddy YP, Tiwari SK,
Tomar LK, Sharma VK. 2020. Identification and Characterization of Staphylococus
aureus 16 S RNA gene isolated from different food specimens from South Indian
Region. Journal of drug Delivery and Theraputics, 10 (5):24-
32.http;?/dx.doi.org/10.22270/jddt.v10i5.4340.

Kumar S., Stecher G., and Tamura K. 2016, MEGA T: Molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Mol.Biol.Evol.33,1870-
1874.d0i:10.1093/molbev/msw054

Kyany’a, C., Nyasinga J., Matano D.,Oundo V., Wacira S., Sang W. & Musila
L. 2019. Phenotypic and genotypic characterization of clinical Staphylococcus
aureus isolates from Kenya. BMC Microbiol 19, 245. https://doi.org/10.1186/s12866-
019-1597-1

Labandeira-Rey M, Couzon F, Boisset S, Brown EL, Bes M, Benito Y, Barbu
EM, Vazquez V,H66k M, Etienne J, Vandenesch F, Bowden MG..2007.
Staphylococcus aureus Panton-Valentine Leukocidin causes necrotizing pneumonia.
Science.  315(5815):1130-1133. https://doi.org/10.1126/science.1137165 PMID:
17234914.

178


https://www.nature.com/articles/s41598-020-70112-z#auth-Sabrina-Klein
https://www.nature.com/articles/s41598-020-70112-z#auth-Julius-Hannesen
https://www.nature.com/articles/s41598-020-70112-z#auth-Philipp-Zanger
https://www.nature.com/articles/s41598-020-70112-z#auth-Klaus-Heeg
https://www.nature.com/articles/s41598-020-70112-z#auth-S_bastien-Boutin
https://www.nature.com/articles/s41598-020-70112-z#auth-Dennis-Nurjadi
https://doi.org/10.1038/s41598-020-70112-z
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Cecilia-Kyany_a
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Justin-Nyasinga
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Daniel-Matano
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Valerie-Oundo
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Simon-Wacira
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Willie-Sang
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-019-1597-1#auth-Lillian-Musila
https://pubmed.ncbi.nlm.nih.gov/?term=Labandeira-Rey+M&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Couzon+F&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Boisset+S&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+EL&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Bes+M&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Benito+Y&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Barbu+EM&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Vazquez+V&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=H%C3%B6%C3%B6k+M&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Etienne+J&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Vandenesch+F&cauthor_id=17234914
https://pubmed.ncbi.nlm.nih.gov/?term=Bowden+MG&cauthor_id=17234914

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 179

Lacey KA , Geoghegan JA and McLoughlin JR.2016. The Role of Staphylococcus
aureus Virulence Factors in Skin Infection and Their Potential as Vaccine Antigens.
Review. Pathogens 5, 22; doi:10.3390/pathogens5010022.

Lamaro-Cardoso J, de Lencastre H, Kipnis A, Pimenta FC, Oliveira LSC, Oliveira
RM, Simonne S. Nouer SS, Aires-de-Sousa M, Milheirico C, and Andrade ALS.2009.
Molecular epidemiology and risk factors for nasal carriage of Staphylococcus aureus
and methicillin-resistant S. aureus in infants attending day care centers in Brazil. J
Clin Microbiol . 47(12):3991-7. doi: 10.1128/JCM.01322-09.

Lan J, Song Z, Miao X, Li H, Li Y, Dong L, Yang J, An X, Zhang Y, Yang L, Zhou
N, Yang L, Li J, Cao J, Wang J, Tao J.2020. Skin damage among health care workers
managing coronavirus disease-2019. J Am Acad Dermatol 82(5):1215-
1216. https://doi.org/10.1016/j.jaad.2020.03.014

Lee YJ, Yoo CG, Lee CT, Chung HS, Kim YW, Han SK, Yim JJ .2013.
Contamination rates between smart cell phones and non-smart cell phones of
healthcare workers. J Hosp Med 8: 144-147

Legesse H; Kahsay AG; Kahsay A; Araya T; Adhanom G; Muthupandian S;
Gebreyesus A.2018. Nasal carriage of , risk factos and antimicrobial susceptibility
pattern of Methicillin resistant Staphylocoous aureus among health care workers in
Adigrat and Wukro hospitals, Tigray, Northern Ethiopia. BMC Res Notes. 23;11(1):
250. Doi: 10.1186/s13104—018-3353-2

Legrand J, Temime L, Lawrence C,Herrmann JL, Boelle PY, Guillemot D.
2015.0ccupational determinants of methicillin-resistant Staphylococcus aureus
colonization among healthcare workers: a longitudinal study in a rehabilitation center.
Infect Control Hosp Epidemiol . 36(7):767-76. doi: 10.1017/ice.2015.51.

Lena, P.; Ishak, A.; Karageorgos, S.A; Tsioutis, C. 2021. Presence of Methicillin-
Resistant Staphylococcus aureus (MRSA) on Healthcare Workers’ Attire: A
Systematic Review. Trop. Med. Infect. Dis. 6, 42. https://doi.org/
10.3390/tropicalmed6020042.

179


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lamaro-Cardoso%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Lencastre%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kipnis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pimenta%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nouer%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aires-de-Sousa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milheiri%26%23x000e7%3Bo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=19828745
https://doi.org/10.1016/j.jaad.2020.03.014
https://pubmed.ncbi.nlm.nih.gov/?term=Legrand+J&cauthor_id=25785501
https://pubmed.ncbi.nlm.nih.gov/?term=Temime+L&cauthor_id=25785501
https://pubmed.ncbi.nlm.nih.gov/?term=Lawrence+C&cauthor_id=25785501
https://pubmed.ncbi.nlm.nih.gov/?term=Herrmann+JL&cauthor_id=25785501
https://pubmed.ncbi.nlm.nih.gov/?term=Boelle+PY&cauthor_id=25785501
https://pubmed.ncbi.nlm.nih.gov/?term=Guillemot+D&cauthor_id=25785501

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 180

LinJ,XuP,PengY,LinD,OuQ,ZhangT,BaiC, Ye X, ZhouJ, Yao Z. 2017.
Prevalence and characteristics of Staphylococcus aureus and methicillin-resistant
Staphylococcus aureus nasal colonization among a community-based diabetes
population in Foshan, China . J Diabetes Investig . 8: 383-391 doi: 10.1111/jdi.12591

Lin SY , Lin NY, Huang YY, Hsien CC, Huang YC. 2020.Methicillin-
resistant Staphylococcus aureus nasal carriage and infection among patients with
diabetic foot ulcer. Journal Of Microbiology ,Immunology and Infection,53(2):292-
299. doi.org/10.1016/j.jmii.2018.03.005

Loh WNG, Holton J. 2000.Bacterial flora on the white coats of medical students. J
Hosp Infect. 45(1):65-8.

Lozano C, Lo"pez M, Go’mez-Sanz E, Ruiz-Larrea F, Torres C and Zarazaga M.2009.
Detection of methicillin-resistant Staphylococcus aureus ST398 in food samples of

animal origin in Spain . Journal of Antimicrobial Chemotherapy . (64):1325-1346.

Luangasanatip N, Hongsuwan M, Limmathurotsakul D, Lubell Y, Lee AS, Harbarth S,
Day NPJ, Graves N, Cooper BS.2015. Comparative efficacy of interventions to
promote hand hygiene in hospital: systematic review and network meta-analysis. BMJ.
351:h3728 doi: 10.1136/bmj.h3728.

Ludden C., Cormican M., Vellinga A., Johnson JR., Austin B., Morris D.
2015.Colonization with ESBL —Producing and carbapenemase-producing
Enterobcayeriace, Vancomycin -resistant enterococci and methicillin resistant
Staphylocoous aureus in a longterm care facility over one year. BMC Infect
Dis.15:168 ,doi,org/10.1186/s12879-015-0880-5

Madzgalla S, Syed MA, Khan MA, Rehman SS, Muller E, Reissig A, Ehricht
R & Monecke S .2016. Molecular characterization of Staphylococcus aureus isolates
causing skin and soft tissue infections in patients from Malakand, Pakistan. European
Journal of Clinical Microbiol & Infect Dis.35:1541-1547.

180


https://www.sciencedirect.com/science/article/pii/S1684118218301555#!
https://www.sciencedirect.com/science/article/pii/S1684118218301555#!
https://www.sciencedirect.com/science/article/pii/S1684118218301555#!
https://www.sciencedirect.com/science/article/pii/S1684118218301555#!
https://www.sciencedirect.com/science/article/pii/S1684118218301555#!
https://doi.org/10.1016/j.jmii.2018.03.005
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-S_-Madzgalla
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-M__A_-Syed
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-M__A_-Khan
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-S__S_-Rehman
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-E_-M_ller
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-A_-Reissig
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-R_-Ehricht
https://link.springer.com/article/10.1007/s10096-016-2695-8#auth-S_-Monecke
https://link.springer.com/journal/10096
https://link.springer.com/journal/10096

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 181

Maheshwari M, Devi S, Agarwal P, Malhotra VL. 2014. Screening of Health Care
Workers For Nasal and Hand Carriage of Multi-Drug Resistant Organisms in a
Teaching Hospital in Rural Haryana, India. 1JSR, 3, 11: 369-371.

Mairi A, Touati A, andLavigne JP. Methicillin-Resistant Staphylococcus
aureus ST80 Clone: A 2020. Systematic Review. Toxins (Basel). 12(2):
119.doi: 10.3390/toxins12020119

Mama M, Abdissa A, Sewunet T. 2014. Antimicrobial susceptibility pattern of
bacterial isolates from wound infection and their sensitivity to alternative topical
agents at Jimma University Specialized Hospital, South-West Ethiopia. Ann Clin
MicrobiolAntimicrob 13:14.

Manning ML, Davis J, Sparnon E, Ballard RM.2013. iPads, droids, and bugs:
Infection prevention for mobile handheld devices at the point of care. Am J Infect
Control 41: 1073-1076.

Mathanraj S, Sujatha S, Sivasangeetha K, Parija SC. 2009. Screening for methicillin-
resistant Staphylococcus aureus carriers among patients and health care workers of a

tertiary care hospital in south India. Indian J Med Microbiol. 27(1):62-4.

McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister SK, Tenover
FC.2003. Pulsed-field gel electrophoresis typing of oxacillin-resistant Staphylococcus
aureus isolates from the United States: establishing a national database. J Clin
Microbiol. ;41(11):5113-20.

Mekonnen SA., Lam TJGM., Hoekstra J., Rutten VPMG.. Tessema TS., Broens EM.,
Riesebos AE., Spaninks MP. and Koop G. 2018. Characterization of Staphylococcus
aureus isolated from milk samples of dairy cows in small holder farms of North-
Western Ethiopia. BMC Vet Res 14, 246 https://doi.org/10.1186/s12917-018-1558-
1BMC Veterinary Research volume 14, Article number: 246 (2018)

Melaku S., Kibret M., Abera B., Gebreselassie S. 2012. Antibiogram of nosocomial
urinary tract infections in Felegehiwot referral hospital, Ethiopia. Afr. Health Sci.
12(2):134-139

181


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mairi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=32075074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Touati%20A%5BAuthor%5D&cauthor=true&cauthor_uid=32075074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lavigne%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=32075074
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7076798/
https://dx.doi.org/10.3390%2Ftoxins12020119
https://link.springer.com/journal/12917

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 182

Melles DC ,van Leeuwen WB , Boelens HAM, Peeters JK, Verbrugh
HA, and Belkum AV. 2006.Panton-Valentine Leukocidin Genes in Staphylococcus

aureus. Emerging Infectious Diseases.12,7: 1174-1175. « www.cdc.gov/eid.

Misgana GM., Abdissa K., Abebe G. 2014.Bacterial contamination of mobile phones
health care workers at Jimma University Specialized Hospital, Jimma, South West
Ethiopia. Int J Infect Control. 11:1,doi” 10.3396/ILJC.v11i1.007.15

Monecke S, Luedicke C, Slickers P & Ehricht R. 2009. Molecular epidemiology
of Staphylococcus aureus in asymptomatic carriers. European Journal of Clinical
Microbiology & Infectious Diseases,28: 1159-1165.

Monecke. S, Slickers P., Ellington MJ., Kearns AM., Ehrich R.2007. High diversity of
Panton—Valentine  leukocidin-positive,  methicillin  susceptible isolates  of
Staphylococcus aureus and implications for the evolution of community-associated
methicillin-resistant S. aureus. Clin  Microbiol Infect 13: 1157-1164.
DOI.10.1111/.1469-0691.2007.01833

Moremi N, Mshana SE, Kamugisha E, Kataraihya J, Tappe D, Vogel U, Lyamuya EF,
Claus H. 2012. Predominance of methicillin resistant Staphylococcus aureus-ST88
and new ST1797 causing wound infection and abscesses. J Infect Dev Ctries.
;6(08):620-5.

Morris TC, Moore LS, Shaunak S.2012. Doctors taking a pulse using their mobile
phone can spread MRSA. BMJ. 344: e412.

Mulcahy ME and McLoughlin RM. 2016. Review Host—Bacterial Crosstalk
Determines Staphylococcus aureus Nasal Colonization. Trends in Microbiology, , 24
(11):872-886.

Muller, L.M., Gorter, K.J., Hak, E., Goudzwaard, W.L., Schellevis, F.G., Hoepelman,

A.l, Rutten, G.E., 2005. Increased risk of common infections in patients with type 1
and type 2 diabetes mellitus. Clin. Infect. Dis. 41, 281-288.

182


https://www.ncbi.nlm.nih.gov/pubmed/?term=Melles%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Leeuwen%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boelens%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peeters%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verbrugh%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Belkum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16848048
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10096
https://link.springer.com/journal/10096

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 183

Mulu A, Moges F, Tessema B, Kassu A. 2006. Pattern and multiple drug resistance of
bacterial pathogens isolated from wound infection at University of Gondar Teaching
Hospital, Northwest Ethiopia. Ethiop Med J 44(2):125-131

Mulu W, Kibru G, Beyene G, Damtie M. 2012. Postoperative Nosocomial Infections
and Antimicrobial Resistance Pattern of Bacteria Isolates among Patients Admitted at
Felege Hiwot Referral Hospital, Bahirdar, Ethiopia. Ethiop J Health Sci 22(1):7-18.

Munckhof WJ, Nimmo GR, Schooneveldt JM, Schlebusch S, Stephens AJ, Williams
G, Huygens F, Giffard P. 2009. Nasal carriage of Staphylococcus aureus, including
community-associated methicillin-resistant strains, in Queensland adults. Clin
Microbiol Infect, 15 (2):149-55. doi: 10.1111/j.1469-0691.2008.02652.

Muto C., Jernigan. JA, Ostrowsky BE., Richet HM., Jarvis WR., Boyce JM., Farr BM
2003. SHEA Guideline for preventing nosocomial transmission of Multidrug resistant
strains of Staphylocoosu aureus and Enterocoous. Infcetion control & Hospital
Epidemiology ,24(5),362-386.

Nadimpalli, G., O’Hara, L., Pineles, L., Lebherz, K., Johnson, J., Calfee, D., Harris, A.
2020. Patient to healthcare personnel transmission of MRSA in the non—intensive care
unit  setting. Infection Control & Hospital Epidemiology, 41(5), 601-603.
d0i:10.1017/ice.2020.10

Nam HM, Lee AL,Jung SC,Kim MN,Jang GC,Wee SH, Lim SK.2011.
Antimicrobial susceptibility of Staphylococcus aureus and characterization of
methicillin-resistant Staphylococcus aureus isolated from bovine mastitis in Korea.
Foodborne Pathog Dis. 8(2):231-8. doi: 10.1089/fpd.2010.0661.

Negussie A , Mulugeta G , Bedru A , Ali | , Shimeles D ,Lema T ,Assefa A..
2015.Bacteriological Profile and Antimicrobial Susceptibility Pattern of Blood Culture
Isolates among Septicemia Suspected Children in Selected Hospitals Addis Ababa,
Ethiopia .Int J Biol Med Res.6(1):4709-4717.

Nerminathan A, Harrison A, Phelps M, Scott KM, Alexander S. 2017.Doctors' use of
mobile devices in the clinical setting: a mixed methods study. Intern Med J 47:291-8.
https://doi.org/10.1111/imj.13349.

183


https://pubmed.ncbi.nlm.nih.gov/?term=Munckhof+WJ&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Nimmo+GR&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Schooneveldt+JM&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Schlebusch+S&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Stephens+AJ&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Williams+G&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Huygens+F&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Giffard+P&cauthor_id=19154489
https://pubmed.ncbi.nlm.nih.gov/?term=Nam+HM&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+AL&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Jung+SC&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+MN&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Jang+GC&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Wee+SH&cauthor_id=21034263
https://pubmed.ncbi.nlm.nih.gov/?term=Lim+SK&cauthor_id=21034263
https://doi.org/10.1111/imj.13349

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 184

Nwokah EG., Eddeh-Adjugah O., Aleru CP. 2017. Assesment of asymptomatic
methicillin resistant Staphylocoous aureus carriage among hralth care workers in the
University of Port Haircourt teaching Hospital, Nigeria. SCIREA Journal of Health 2
(2). http://www.scirea.org/journal/PMH

Okamo B, Moremi N, Seni J, Mirambo MM , Kidenya BR and Mshana SE.
2016.Prevalence and antimicrobial susceptibility profiles of Staphylococcus aureus
nasal carriage among pre-clinical and clinical medical students ina Tanzanian
University. BMC Res Notes 9:47 DOI 10.1186/s13104-016-1858-0 .

Okon KO, Basset P, Uba A, Lin J, Oyawoye B, Shittu AO, Blanc DS.2009. Co-
occurrence of predominant Panton—Valentine leukocidin-positive sequence type (ST)
152 and multidrug- resistant ST 241 Staphylococcus aureus clones in Nigerian
hospitals. J ClinMicrobiol; 47: 3000-3003.

Olsen K, Sangv IK M, Imonsen GSS , Soll ID JUE , Sundsfjord A , Thune I and
Furberg AS.2013. Prevalence and population structure of Staphylococcus aureus nasal
carriage in healthcare workers in a general population. The Tromsg Staph and Skin
Study. Epidemiol. Infect. 141, 143-152. doi:10.1017/S0950268812000465

Olsen M, Campos M, Lohning A, Jones P, Legget J, Bannach-Brown A, McKirdy S,
Alghafri R, Tajouri L.2020. Mobile phones represent a pathway for microbial
transmission: A scoping Review. Travel Medicine and Infectious Disease 35 ,35:
101704. https://doi.org/10.1016/j.tmaid.2020.101704

Omuse G, Van Zyl KN, Hoek K, Abdulgader S, Kariuki S, Whitelaw A and Revath
G. 2016. Molecular characterization of Staphylococcus aureus isolates from various
healthcare institutions in Nairobi, Kenya: a cross sectional study. Ann Clin Microbiol
Antimicrob 15:51 DOI 10.1186/s12941-016-0171-z.

Omuse G., Kariuki S., Revathi G., 2012. Unexpected absence of methiciliin resitant

Staphylocoous aureus nasal carriage by health care workers in a tertiary hospital in
Kenya. J.Hosp Infect. 80(1): 71-3.doi :10.1016/j.jhin.2011.09.009

184



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 185

Oogai Y, Matsuo M, Hashimoto M, Kato F, Sugai M, Komatsuzawa H.2011.
Expreession of Virulence Factors by Staphylococcus aureus grown in Serum. Appl
Environ Microbiol,77(22):8097-8105. Doi: 10.1128/AEM.05316-11

Osman MB, Omer SM, Almugadam BS and Ahmed HM 2018. Frequency of MRSA
Isolates in Mobile Phones, Ears and Hands of Healthcare Workers. J Antimicrob
Agents 4: 161. doi:10.4172/2472-1212.1000161

Pal P, Roy A, Moore G, Muzslay M, Lee E, Alder S, Wilson P, Powles T, Wilson P,
Kelly J 2013. Keypad mobile phones are associated with a significant increased risk of

microbial contamination compared to touch screen phones. J Infect Prev 14: 65-68.

Pal S, Juyal D, Adekhandi S, Sharma M, Prakash R, Sharma N, Rana A, and Parihar
A. 2015. Mobile phones: Reservoirs for the transmission of nosocomial pathogens.
Adv Biomed Res. 4: 144. doi: 10.4103/2277-9175.161553

Patel PR, Srinivasan A, Perz JF. 2008. Developing a broader approach to management
of infection control breaches in health care settings. Am J Infect Control. 36(10);685-
90

Pérez-Vazquez M, Vindel A, Marcos C, Oteo J, Cuevas O, Trincado P, Bautista
V, Grundmann H, Campos J, EARSS Spain spa-typing Group.2009. Spread of
invasive Spanish Staphylococcus aureus spa-type t067 associated with a high
prevalence of the aminoglycoside-modifying enzyme gene ant(4')-la and the efflux
pump genes msrA/msrB. J Antimicrob Chemother .63(1):21-31. doi:
10.1093/jac/dkn430. Epub 2008 Oct 23.

Pilonetto M , Rosa EAR , Brofman PRS , Baggio D , Calvario F , Schelp C |,
Nascimento A and Messias-Reason L . 2004. Hospital gowns as a vehicle for bacterial

dissemination in an intensive care unit. Braz J Infect Dis. 8(3):206-10.

Pineles L, Morgan DJ, Lydecker A, Johnson JK, Sorkin JD, Langenberg P, Blanco
N, Lesse A, Sellick J, Gupta K, Leykum L, CadenaJ, Lepcha N, and Roghmann
MC. 2017. Transmission of MRSA to Healthcare Worker Gowns and Gloves during
Care of Residents in VA Nursing Homes. Am J Infect Control. 45(9): 947-

953.. doi: 10.1016/j.ajic.2017.03.004
185


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juyal%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adekhandi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prakash%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rana%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parihar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26322292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4549928/
https://dx.doi.org/10.4103%2F2277-9175.161553
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez-V%C3%A1zquez+M&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Vindel+A&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Marcos+C&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Oteo+J&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Cuevas+O&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Trincado+P&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Bautista+V&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Grundmann+H&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=Campos+J&cauthor_id=18948410
https://pubmed.ncbi.nlm.nih.gov/?term=EARSS+Spain+spa-typing+Group%5BCorporate+Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pineles%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morgan%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lydecker%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorkin%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Langenberg%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanco%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lesse%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sellick%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leykum%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cadena%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lepcha%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roghmann%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=28431853
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28431853
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28431853
https://dx.doi.org/10.1016%2Fj.ajic.2017.03.004

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 186

Pittet D, Allegranzi B, Boyce J. 2009. The World health organization guidelines on
hand hygiene in health care and their consensus recommendations. Am J Infect
Control. ; 30(7):611-22.

Plata K, Rosato AE, Wegrzyn G. 2009. Staphylococcus aureus as an infectious
agent:overview of biochemistry and molecular genetics of its pathogenicity. Acta
Biochim Pol. 56(4):597-612.

Price JR, Cole K, Bexley A, Kostiou V, Eyre DW, Golubchik T, Wilson DJ, Crook
DW, Walker AS, Peto TEA, Llewelyn MJ, Paul J, the Modernising Medical
Microbiology informatics group.2017.Transmission of Staphylococcus aureus
between health-care workers, the environment, and patients in an intensive care unit: a
longitudinal cohort study based on whole-genome sequencing. Lancet Infect Dis 2017;
17: 207-14.http://dx.doi.org/10.1016/ S1473-3099(16)30413-3

Qadi M, Khayyat R, AlHajhamad MA, Naji YI ,Maraga B , Abuzaitoun K, Mousa
A, and Dagga M .2021.Microbes on the Mobile Phones of Healthcare Workers in

Palestine: Identification, Characterization, and Comparison.. Hindawi Canadian

Journal of Infectious Diseases and Medical Microbiology Volume 2021, Article 1D
8845879, 9 pages https://doi.org/10.1155/2021/8845879

Ramesh J, Carter AO, Campbell MH, Gibbons N, Powlett C, Moseley H Sr, Lewis D,
Carter T 2008. Use of mobile phones by medical staff at Queen Elizabeth Hospital,
Barbados: evidence for both benefit and harm. J Hosp Infect 70: 160-165.

Rana R, Joshi S, Lakhani S, Kaur M, Patel P.2013. Cell phones — homes for microbes.
Int J Biol Med Res. 4(3):3403-6.

Rao N, Cannella B, Crossett LS, Yates AJ Jr, McGough R 2008. A preoperative
decolonization protocol for Staphylococcus aureus prevents orthopaedic infections.
Clin Orthop Relat Res. (466) :1343-1348.

Reta, A., Mengist, A. & Tesfahun, A. 2019. Nasal colonization of methicillin

resistant Staphylococcus aureus in Ethiopia: a systematic review and meta-
186



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 187

analysis. Ann Clin Microbiol Antimicrob 18, 25 . https://doi.org/10.1186/s12941-019-
0324-y

Reta, A., Wubie, M. & Mekuria, G. 2017. Nasal colonization and antimicrobial
susceptibility pattern of Staphylococcus aureus among pre-school children in
Ethiopia. BMC Res Notes 10, 746 . https://doi.org/10.1186/s13104-017-3079-6

Richter M, Rossell6-Moéra, R, Gléckner FO, and Peplies J. JSpecieswS2016. a web
server for prokaryotic species circumscription based on pairwise genome comparison.
Bioinformatics. 32(6): 929-931. doi: 10.1093/bioinformatics/btv681.

Rijnders MIA, Nys S, Driessen C, Hoebe CJPA, Hopstaken RM, Oudhuis GJ,
Timmermans A and Stobberingh EE.2010. Staphylococcus aureus carriage among
GPs in the Netherlands. British Journal of General Practice 60: 902-906. DOI:
10.3399/bjgp10X544078

Roghmann MC, Johnson KJ, Sorkin JD, Langenberg P, Lydecker A, Sorace B, Levy
Land Mody L. 2015. Transmission of Methicillin-Resistant Staphylococcus

aureus (MRSA) to Healthcare Worker Gowns and Gloves During Care of Nursing

Home  Residents. Infect.  Control  Hosp.  Epidemiol. ;36(9):1050-1057.
DOI: https://doi.org/10.1017/ice.2015.119.

Ruimy R, Maiga A, Armand-Lefevre L, Maiga I, Diallo A, Koumaré AK, Ouattara
K, Soumaré S, Gaillard K, Lucet JC, Andremont A, and Feil EJ .2008. The Carriage
Population of Staphylococcus aureus from Mali Is Composed of a Combination of
Pandemic Clones and the Divergent Panton-Valentine Leukocidin-Positive Genotype
ST152. J Bacteriol. 190(11): 3962-3968. doi: 10.1128/JB.01947-07

Saadat S, Solhjoo K, Norooz-Nejad MJ, and Kazemi A 2014. VanA and VanB Positive
Vancomycin-resistant Staphylococcus aureus Among Clinical Isolates in Shiraz, South
of Iran.Oman Med J. 29(5): 335-339. doi: 10.5001/0mj.2014.90

Sah P, Rija KR, Shakya B, Tiwari BR, Ghimire P.2013. Nasal Carriage Rate of
Staphylococcus aureus in Hospital Personnel of National Medical College and

Teaching Hospital and their Antibiotic Susceptibility Pattern. JHAS, 3, (1) : 21-23.
187


https://doi.org/10.1186/s12941-019-0324-y
https://doi.org/10.1186/s12941-019-0324-y
https://doi.org/10.1186/s13104-017-3079-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26576653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossell%26%23x000f3%3B-M%26%23x000f3%3Bra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26576653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliver%20Gl%26%23x000f6%3Bckner%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26576653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peplies%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26576653
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5939971/
https://dx.doi.org/10.1093%2Fbioinformatics%2Fbtv681
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Mary-Claire%20Roghmann%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=J.%20Kristie%20Johnson%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=John%20D.%20Sorkin%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Patricia%20Langenberg%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Alison%20Lydecker%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Brian%20Sorace%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Lauren%20Levy%20&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Lona%20Mody%20&eventCode=SE-AU
https://doi.org/10.1017/ice.2015.119
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruimy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maiga%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armand-Lefevre%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maiga%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diallo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koumar%26%23x000e9%3B%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouattara%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soumar%26%23x000e9%3B%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaillard%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lucet%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andremont%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feil%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=18375551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395057/
https://dx.doi.org/10.1128%2FJB.01947-07
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saadat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25337309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solhjoo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25337309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norooz-Nejad%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=25337309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kazemi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25337309
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4202220/
https://dx.doi.org/10.5001%2Fomj.2014.90

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 188

Sakr A, Brégeon F, Mége J-L, Rolain J-M and Blin O 2018. Staphylococcus aureus
Nasal Colonization: An Update on Mechanisms, Epidemiology, Risk Factors, and
Subsequent Infections. Front. Microbiol. 9:2419. doi: 10.3389/fmicb.2018.02419.

Salen RO, Raheema RH, Jaafar Z. 2018. Phylogenetic tree and submission of
Staphylocoous aureus isolates from skin infection. Journal of Pure and Applied
Microbiology 12(4):2199-2204. D0i:10.22207/JPAM.12.4.59

Sassmannshausen R, Deurenberg RH, Kock R, Hendrix R, Jurke A, Rossen JWA and
Friedrich AW 2016. MRSA Prevalence and Associated Risk Factors among Health-
Care Workers in Non-outbreak Situations in the Dutch-German EUREGIO. Front.
Microbiol. 7:1273. doi: 10.3389/fmicb.2016.01273

Sax H®  Uc kay I, Richet H, Allegranzi B, Pittet D,.2007. Determinants of Good
Adherence to Hand Hygiene Among Healthcare Workers Who Have Extensive
Exposure to Hand Hygiene Campaigns. Infect Control Hosp Epidemiol ; 28:1267-
1274

Sax H”, Allegranzi B, Uc kay I, Larson E, Boyce J. and Pittet D .2007. ““My five
moments for hand hygiene’: a user-centred design approach to understand, train,

monitor and report hand hygiene,” Journal of Hospital Infection, 67(1): 9-21.

Schaumburg F °, Alabi AS, Peters G, and Becker K. 2014. New epidemiology of
Staphylocoous aureus infection in Africa. Review . Clin Microbiol Infect.20: 589-596.
Doi .0rg/10.1111/1469-0691.12690

Schaumburg F°, Ngoa UA, Kosters K, Kock R , Adegnika AA , Kremsner PG, Lell
B, Peters G, Mellmann A, Becker K. 2011. Virulence factors and genotypes of
Staphylococcus aureus from infection and carriage in Gabon. Clin Microbiol Infect ;
17:1507-1513. doi: 10.1111/].1469-0691.2011.03534.x

Schaumburg F?, Kock R,Friedrich AW, Soulanoudjingar S, Ngoa UA,von Eiff, C,
Issifou S, Peter G. Kremsner P, Herrmann M,Peters G, Becker K. 2011. Population
Structure of Staphylococcus aureus from Remote African Babongo Pygmies. PL0S

Negl Trop Dis ;5(5): e1150. https://doi.org/10.1371/journal.pntd.0001150
188


https://pubmed.ncbi.nlm.nih.gov/?term=Schaumburg+F&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Ngoa+UA&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%B6sters+K&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%B6ck+R&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Adegnika+AA&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Kremsner+PG&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Lell+B&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Peters+G&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Mellmann+A&cauthor_id=21595798
https://pubmed.ncbi.nlm.nih.gov/?term=Becker+K&cauthor_id=21595798

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 189

Scheithauer S, Oberréhrmann A, Haefner H, Kopp R, Schirrholz T, Schwanz T, et
al.2010. Compliance with hand hygiene in patients with meticillin-resistant
Staphylococcus aureus and extended-spectrum B-lactamase-producing enterobacteria.
J Hosp Infect. 76(4):320-3.

Schmitz K, Kempker RR, Tenna A, Stenehjem E, Abebe E, Tadesse L, Jirru
EK, Blumberg HM.2014. .Effectiveness of multimodal hand hygiene campaign and
obstacles for success in Addis Ababa, Ethiopia. Antimicrobial Resist Infect Control.
3:8. Doi 10.1186/2047-2994-38PMCID:PMC4004416.

Schubert M, Kéampf D., Wahl M., Hofmann S., Girbig M., Jatzwauk L., Peters C.,
Nienhaus A., Seidler A.2019. MRSA Point Prevalence among Health Care Workers in
German Rehabilitation Centers: A Multi-Center, Cross-Sectional Study in a Non-
Outbreak  Setting. Int J Environ Res Public Health. 16(9):
1660. doi: 10.3390/ijerph16091660

Seibert DJ, Speroni KG , Oh KM, DeVoe MC, Jacobsen KH. 2014. Knowledge,
perceptions, and practices of methicillin-resistant Staphylococcus aureus transmission
prevention among health care workers in acute-care settings. Am J Infect Control.
;42(3):254-9. doi: 10.1016/j.ajic.2013.09.005.

Selim HS, Abaza AF.2015. Microbial contamination of mobile phones in a health care
setting in Alexandria, Egypt. GMS Hyg Infect Control.10:Doc03 DOI:
10.3205/dgkh000246, URN: urn:nbn:de:0183-dgkh0002461

Senn, L., Basset, P., Nahimana, 1., Zanetti, G., Blanc, D.S., 2012. Which anatomical
sites should be sampled for screening of methicillin-resistant Staphylococcus aureus
carriage by culture or by rapid PCR test ? Clin. Microbiol. Infect. 18, E31- E33.

Shah, B.R., Hux, J.E., 2003. Quantifying the risk of infectious diseases for people with
diabetes. Diabetes Care 26, 510-513.

Sharma S, Pal S, Negi V, Juyal D, Sharma M, Prakash R.2020. Staphylococus aureus

including MRSA nasal carriage among hospital exposed and unexposed medical

189


https://pubmed.ncbi.nlm.nih.gov/?term=Schmitz+K&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Kempker+RR&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Tenna+A&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Stenehjem+E&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Abebe+E&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Tadesse+L&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Jirru+EK&cauthor_id=24636693
https://pubmed.ncbi.nlm.nih.gov/?term=Blumberg+HM&cauthor_id=24636693
https://sciprofiles.com/profile/678759
https://sciprofiles.com/profile/author/dFp2OGM3Rms5Mm1aRkV2blZjR1pNS3V6Q1FSOHppMjFsNEFNWFpWZjlIaz0=
https://sciprofiles.com/profile/author/YkZaR3gyaFlDU3FBN0xLMXYvSjdPWVE0eTZCOFdraXhWYUxVelBISWxiaz0=
https://sciprofiles.com/profile/author/TDNVamlka0l3eSs1SFJ5S3NXZFdsTUZSdHFPaUhhdldjRVA2R1JIeDhRbz0=
https://sciprofiles.com/profile/1086628
https://sciprofiles.com/profile/author/dUdpZ3QwM2ErQkcxZ1ZkNUcrWXEybENmUTNtSnVxMWdQeHBENjJDenE3RXYzZkFwdVZUWFRoM2xwN2VCNmdDbQ==
https://sciprofiles.com/profile/718184
https://sciprofiles.com/profile/531563
https://sciprofiles.com/profile/378325
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6539477/
https://dx.doi.org/10.3390%2Fijerph16091660
https://pubmed.ncbi.nlm.nih.gov/?term=Seibert+DJ&cauthor_id=24406259
https://pubmed.ncbi.nlm.nih.gov/?term=Speroni+KG&cauthor_id=24406259
https://pubmed.ncbi.nlm.nih.gov/?term=Oh+KM&cauthor_id=24406259
https://pubmed.ncbi.nlm.nih.gov/?term=DeVoe+MC&cauthor_id=24406259
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobsen+KH&cauthor_id=24406259

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 190

students. J Family Med Prim Care. 9 (9): 4936-4941. Doi:10.4103/jfmpc-
jfmpc_820_20.

Shibabaw A, Abebe T, Mihret A, 2014. Antimicrobial susceptibility pattern of nasal
Staphylococcus aureus among Dessie Referral Hospital health care workers, Dessie,
Northeast Ethiopia. International Journal of Infectious Diseases. 25 : 22-25.
http://dx.doi.org/10.1016/j.ijid.2014.03.1386

Shibabaw, A., Abebe, T, Mihret, A.2013.Nasal carriage of methicillin resistant
Staphylococcus aureus among Dessie Referral Hospital health care workers; Dessie.
Northeast Ethiopia. Antimicrobial Resistance and Infection Control. 2, 25
d0i:10.1186/2047-2994-2-25.

Shopsin B, Gomez M, Montgomery SO, Smith DH, Waddington M, Dodge DE, Bost
DA, Riehman M, Naidich S, Kreiswirth BN. 1919. Evaluation of Protein A Gene
Polymorphic Region DNA Sequencing for Typing of Staphylococcus aureus Strains. J
Clin Microbiol. 37(11): 3556-3563.

Siegel JD, Rhinehart E, Jackson M, Chiarello L, for the Healthcare Infection Control
Practices Advisory Committee. 2006. Management of multidrug-resistant organisms
in healthcare settings, 2006. Available at:
http://www.cdc.gov/ncidod/dhqgp/pdf/ar/MDROGuideline2006.pdf Accessed March |,
2021.

Simmonds R, Lee D, Hayhurst E.2020. Erratum to “Mobile phones as fomites for
potential pathogens in hospitals: microbiome analysis reveals hidden contaminants” .J

Hosp Infect ,104: 207-213. https://doi.org/10.1016/j.jhin.2019.09.010.

Simor AE, Gilbert NL, Gravel D, Mulvey MR, Bryce E, Loeb M, Matlow A, McGeer
A, Louie L, Campbell J, Canadian Nosocomial Infection Surveillance Program.2010.
Methicillin-resistant Staphylococcus aureus colonization or infection in Canada:
National Surveillance and Changing Epidemiology, 1995-2007. Infect Control Hosp
Epidemiol. 31(4):348-56.

190


https://pubmed.ncbi.nlm.nih.gov/?term=Shopsin+B&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Gomez+M&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Montgomery+SO&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+DH&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Waddington+M&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Dodge+DE&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Bost+DA&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Riehman+M&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Naidich+S&cauthor_id=10523551
https://pubmed.ncbi.nlm.nih.gov/?term=Kreiswirth+BN&cauthor_id=10523551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC85690/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC85690/
https://www.sciencedirect.com/science/article/pii/S0195670120302930
https://www.sciencedirect.com/science/article/pii/S0195670120302930
https://www.sciencedirect.com/science/article/pii/S0195670120302930
https://doi.org/10.1016/j.jhin.2019.09.010
https://pubmed.ncbi.nlm.nih.gov/?term=Simor+AE&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Gilbert+NL&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Gravel+D&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Mulvey+MR&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Bryce+E&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Loeb+M&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Matlow+A&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=McGeer+A&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Louie+L&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Campbell+J&cauthor_id=20148693
https://pubmed.ncbi.nlm.nih.gov/?term=Canadian+Nosocomial+Infection+Surveillance+Program%5BCorporate+Author%5D

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 191

Singh A, Purohit B. 2012.Mobile phones in hospital settings: a serious threat to
infection. Occup Health Saf. 81(3):42-4.

Singh S, Acharya S, Bhat M, Rao SK, Pentapati KC 2010. Mobile phone hygiene:
potential risks posed by use in the clinics of an Indian dental school. J Dent Educ 74:
1153-1158.

Sinkowitz-Cochran RL, Burkitt KH, Cuerdon T, Harrison C, Gao S, Obrosky DS, Jain
R, Fine MJ, Jernigan JA. 2012. The associations between organizational culture and
knowledge, attitudes, and practices in a multicenter Veterans Affairs quality
improvement initiative to prevent methicillin-resistant Staphylococcus aureus. Am J
Infect Control. 40(2):138-43.doi: 10.1016/j.ajic.2011.04.332.

Smith EM, Green LE, Medley GF, Bird HE, Fox LK, Schukken YH, Kruze JV,
Bradley AJ, Zadoks RN, Dowson CG. 2005. Multilocus sequence typing of

intercontinental bovine Staphylococcus aureus isolates. J. Cli. Microbiol. 43:4737-43.

Soliman MS | Soliman NS , El-Manakhly AR , EIBanna AS , Aziz RK and El-
KholyAA 2020. Genomic Characterization of Methicillin-Resistant Staphylococcus

aureus (MRSA) by High-Throughput Sequencing in a Tertiary Care Hospital.
Genes.11,1219; doi:10.3390/genes11101219

Sondhi V, Devgan A. 2013. Translating technology into patient care: smartphone
applications in pediatric health care. Med J Armed Forces India. 69:156-61.
https://doi.org/10.1016/j.mjafi.2013.03.003.

Stacey HJ , Clements CS , Welburn SC, Jones JD. 2019.The prevalence of
methicillin-resistant Staphylococcus aureus among diabetic patients: a meta-analysis
Acta Diabetologica. 56:907-921,https://doi.org/10.1007/s00592-019-01301-0.

Stefani S, Chung DR, Lindsay JA, Friedrich AW, Kearns AM, Westh H, Mackenzie
FM. 2012. Meticillin-resistant Staphylococcus aureus (MRSA): global epidemiology
and harmonisation of typing methods. Int J Antimicrob Agents. 39:273-82.

191


https://pubmed.ncbi.nlm.nih.gov/?term=Sinkowitz-Cochran+RL&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Burkitt+KH&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Cuerdon+T&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Harrison+C&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+S&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Obrosky+DS&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Jain+R&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Fine+MJ&cauthor_id=21864944
https://pubmed.ncbi.nlm.nih.gov/?term=Jernigan+JA&cauthor_id=21864944

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 192

Sunagara R, Hegdea NR, Archanab GJ, Sinhaa AY, Nagamanib K, Isloorc S. 2016.
Prevalence and genotype distribution of methicillin-resistant Staphylococcus aureus
(MRSA) in India . Journal of Global Antimicrobial Resistance. 7,7: 46-52.
http://dx.doi.org/10.1016/j.jgar.2016.07.008

Suss EA.2017, "Nurse Knowledge, Attitude, and Compliance Related to Methicillin
Resistant Staphylococcus aureus" . Honors Theses. 484,

https://aquila.usm.edu/honors_theses/484.

Swenson JM, Tenover FC. Cefoxitin disk study G. 2005. Results of disk diffusion
testing with cefoxitin correlate with presence of mecA in Staphylococcus spp. J Clin
Microbiol. 43(8):3818-23.

Taiwo SS, online BA and Akanabi AA. 2004. Methicillin resistant Staphyloccous
aureus (MRSA\) isolates in llorin , Nigeria . Afr. J. Clin. Exper. Microbiol. 5(2): 189 —
197. DOI: 10.4314/ajcem.v5i2.7376

Tambe NN, Pai C. 2012. A Study of microbial flora and MRSA harboured by mobile
phones of health care personnel. Int J Recent Trends Sci Technol. 4(1):14-8.

Tamer, A., Karabay, O., Ekerbicer, H., 2006. Staphylococcus aureus nasal carriage
and associated factors in type 2 diabetic patients. Jpn. J. Infect. Dis. 59, 10-4.

Tenna A., Stenehjem EA., Margoles L., Kacha E., Blumberg HM., Kempker RR.
.2013. Infection control knowledge, attitudes and practice among HCWs in Addis
Ababa, Ethiopia. Infect control Ho Epidemiol. 34 (12): 1289-1296

Thorstad M, Sie |,and Andersen BM.2011.MRSA: A Challenge to Norwegian
Nursing Home Personnel. Interdiscip Perspect Infect Dis. .
197683. doi: 10.1155/2011/197683

Tigabu A , Tiruneh M, and Feleke T 2018 . Carriage Rate, Antimicrobial
Susceptibility Pattern, and Associated Factors of Staphylococcus aureus with Special
Emphasis on MRSA among Urban and Rural Elementary School Children in Gondar,

Northwest Ethiopia: A Comparative Cross-Sectional Study .Hindawi Advances in

192


http://dx.doi.org/10.1016/j.jgar.2016.07.008
https://aquila.usm.edu/honors_theses/484
https://doi.org/10.4314/ajcem.v5i2.7376
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorstad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21941537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sie%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21941537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=21941537
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3175413/
https://dx.doi.org/10.1155%2F2011%2F197683

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 193

Preventive Medicine Volume 2018, Article ID 9364757, 11 pages
https://doi.org/10.1155/2018/9364757

Tong SYC, Davis JS, Eichenberger E, Holland TL, Fowler VG.2015. Staphylococcus
aureus Infections: Epidemiology, Pathophysiology, Clinical Manifestations, and
Management. Clin Microbiol Rev,/ doi:10.1128/CMR.00134-14. ; 2015; 28 (3):603-
661

Treakle AM, Thom KA, Furuno JP, Strauss SM, Harris AD, andEli N.
Perencevich,E.2009. Bacterial contamination of health care workers' white coats.
Am J Infect Control. 37(2): 101-105.doi: 10.1016/j.ajic.2008.03.009

Tsige Y, Tadesse S, G/Eyesus T, Mihrete M , Amsalu A, Alemayhu M and Gelaw
B.2020.Prevalence of Methicillin-Resistant Staphylococcus aureus and Associated
Risk Factors among Patients with Wound Infection at Referral Hospital, Northeast
Ethiopia . Hindawi Journal of Pathogens Volume 2020, Article ID 3168325, 7 pages
https://doi.org/10.1155/2020/3168325

Turner NA, Sharma-Kuinkel BK, Maskarinec SA, Eichenberger EM, Carugati M,
Holland TL, Fowler VG. 2019.Methicillin-resistant Staphylococcus aureus : An

overview of basic and clinical research. Nat Rev Microbiol.17: 203-218, https://
doi.org/10.1038/s41579-018-0147-4

Ulger F, Dilek A, Esen S, Sunbul M, Leblebicioglu H. 2015. Are healthcare workers’
mobile phones a potential source of nosocomial infections? Review of the literature. J
Infect Dev Ctries . 9(10):1046-1053. doi:10.3855/jidc.6104

Uneke CJ, ljeoma PA.2010. The potential for nosocomial infection transmission by
white coat used by physicians in Nigeria: implications for improved patient-safety
initiatives. World Health Popul. 11(3):44-54.

Ustun C, Cihangiroglu M.2012. Health care workers' mobile phones: a potential cause
of microbial cross-contamination between hospitals and community. J Occup Environ
Hyg 9: 538-542.

193


https://www.ncbi.nlm.nih.gov/pubmed/?term=Treakle%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thom%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furuno%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strauss%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perencevich%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perencevich%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=18834751
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18834751
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18834751
https://dx.doi.org/10.1016%2Fj.ajic.2008.03.009
https://doi.org/10.1155/2020/3168325

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 194

van Heuvel L., Eilers R., Feenstra S.G, Haverkate MR & Timen A . 2020. Perceptions
of Dutch nurses carrying methicillin-resistant Staphylococcus aureus: a qualitative
study. BMC Nurs 19, 50. https://doi.org/10.1186/s12912-020-00441.

Velazquez-Guadarrama N, Martinez-Aguilar G, Galindo JA, Zuniga G, rbo-Sosa
A.2009. Methicillin-resistant S. aureus colonization in Mexican children attending day
care centres. Clin Invest Med. 32(1):E57-E63.

Verdu -Expo’sito C, Romanyk J, Cuadros-Gonza’lez J, TesfaMariam A, Copa-Patifio
JL, Pe’rez- Serrano J, Soliveri J. 2020. Study of susceptibility to antibiotics and
molecular characterization of high virulence Staphylococcus aureusstrains isolated
from a rural hospital in Ethiopia. PLoS ONE 15(3): e0230031.
https://doi.org/10.1371/journal.pone.0230031

Verma DK, Barasa A, Dara D, W/Medehen H, Asrat H, Demissie N, Tegenaw K,
Sendeku W and Berhane N..2015. Isolation and characterization of bacteria from
mobile phones of students and employees at University of Gondar, Ethiopia. Bull
Pharm Res. 5(3):96-100.

Verwer, P.E., Robinson, J.0O., Coombs, G.W., Wijesuriya, T., Murray, R.J., Verbrugh,
H.A., Riley, T., Nouwen, J.L., Christiansen, K.J., 2012. Prevalence of nasal
methicillin-resistant Staphylococcus aureus colonization in healthcare workers in a
Western Australian acute care hospital. Eur. J. Clin. Microbiol. Infect. Dis. 31, 1067—
1072.

Vieira MA , Minamisava R, Pessoa-Junior V, Lamaro-Cardoso J, Ternes YM, Andre
MCP , Sgambatti S, Kipnis A, Andrade AL. 2014. Methicillin-resistant
Staphylococcus aureus nasal carriage in neonates and children attending a pediatric
out patient clinics in Brazil. Braz j infect dis 18 (1) : 42-47, b http: // dx.doi.org
/10.1016/ j.bjid.2013.04.012

Vorobieva V, Bazhukova T, Hanssen AM, Caugant DA, Semenova N, Haldorsen
BC, Simonsen GS, Sundsfjord A. 2008. Clinical isolates of Staphylococcus aureus
from the Arkhangelsk region, Russia: antimicrobial susceptibility, molecular
epidemiology, and distribution of Panton-Valentine leukocidin genes. APMIS

. 116(10):877-87. doi: 10.1111/j.1600-0463.2008.01092.X.
194


https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-020-00441-x#auth-Manon_R_-Haverkate
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-020-00441-x#auth-Aura-Timen
https://doi.org/10.1186/s12912-020-00441.
https://doi.org/10.1371/journal.pone.0230031
https://pubmed.ncbi.nlm.nih.gov/?term=Vorobieva+V&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Bazhukova+T&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Hanssen+AM&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Caugant+DA&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Semenova+N&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Haldorsen+BC&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Simonsen+GS&cauthor_id=19132981
https://pubmed.ncbi.nlm.nih.gov/?term=Sundsfjord+A&cauthor_id=19132981

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 195

Walana W, Bobzah BP , Kuugbee ED , Acquah S , Kofi -Ezekiel V', Yabasin IB ,
Abdul-Mumin A , Ziem JB.2020. Staphylococcus aureus nasal carriage among
healthcare workers, inpatients and caretakers in the Tamale Teaching Hospital, Ghana,
Scientific African. 8 e00325. /doi.org/10.1016/j.sciaf.2020.e00325

Wang X, Liu Q, Zhang H, Li X, Huang W, Fu Q and Li M 2018. Molecular
Characteristics of Community-Associated Staphylococcus aureus isolates from
Pediatric Patients with Bloodstream Infections Between 2012 and 2017 in Shanghali,
China. Front. Microbiol. 9:1211.doi: 10.3389/fmicbh.2018.01211

Wassenberg MWM , Kluytmans JAJW, Box ATA, Bosboom RW, Buiting AGM, van
Elzakker EPM et al.2010.Rapid screening of methicillin-resistant Staphylococcus
aureus using PCR and chromogenic agar: a prospective study to evaluate costs and
effects . Clin Microbiol Infect . 16: 1754-1761.

Watkins RR, David MZ and Salata RA.2012. Current concepts on the virulence
mechanisms of methicillin-resistant Staphylococcus aureus. Journal of Medical
Microbiology . 61, 1179-1193.

Weldeselassie M, Gugsa G, Kumar A, Tsegaye Y, Awol N, Ahmed M, Abebe
N, Taddele H .2021.Isolation and Characterization of Staphylococcus aureus From
Food of Bovine Origin in Mekelle, Tigray, Ethiopia. The Open Microbiology Journal.
15., DOI: 10.2174/1874285802014010234

Wilson A., Reynolds KA and Canales RA. 2019. Estimating the effect of hand
hygiene compliance and surface cleaning timing on infection risk reduction with a
mathematical modeling approach. American Journal of Infection control. 47:12:1453-
1459.DOl:https://doi.org/10.1016/j.ajic.2019.05.023

WHO.2020.Antimicrobial resistance, Key facts 13, October,

2020, https:/www.who.int/publication-detail-direct/global-action-plan-on antimicrobial

—resistance.

195


http://dx.doi.org/10.2174/1874285802014010234
https://doi.org/10.1016/j.ajic.2019.05.023

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 196

WHO (2009). WHO Guidelines on Hand Hygiene in Health Care: a Summary. First
Global Patient Safety Challenge. Clean Care is Safer Care. http://www.chp.
gov.hk/files/pdf/iwho_ier_psp 200907 _eng.pdf

Wu TH, Lee CY, Yang HJ, Fang YP, Chang YF, Tzeng SL, Lu MC.2018. Prevalence
and molecular characteristics of methicillin-resistant Staphylococcus aureus among
nasal carriage strains isolated from emergency department patients and healthcare
workers in central Taiwan. J Microbiol Immunol Infect. 52(2):248-254. doi:
10.1016/j.jmii.2018.08.015.

Yoo YJ , Kwak EJ, Jeong KM, Baek SH, Baek YS. 2018. Knowledge, attitudes and
practices regarding methicillin-resistant Staphylococcus aureus (MRSA) infection
control and nasal MRSA carriage rate among dental health-care professionals. Int
DentJ . ;68(5):359-366. doi: 10.1111/idj.12388.

Young BE, Lye DC, Krishnan P, Chan SP and Leo YS.2014.A prospective
observational study of the prevalence and risk factors for colonization by antibiotic
resistant bacteria in patients at admission to hospital in Singapore. BMC Infectious
Diseases . 14:298.

Zacharioudakis IM, Zervou FN, Ziakas PD, Mylonakis E 2014. Meta-analysis of
methicillin-resistant Staphylococcus aureus colonization and risk of infection in
dialysis patients. J Am Soc Nephrol 25(9):2131-2141.

Zaghloul MZ.2016. Methicillin-resistant Staphylococcus aureus (MRSA).Editorial J
Med Microb Diagn . 5:2 http://dx.doi.org/10.4172/2161-0703.1000e131

Zakaia S ,, Mashatb A, Abumohssinb A, Samarkandib A, Almaghrabib B, Barradahb
H, Jiman-Fatania A. 2016. Bacterial contamination of cell phones of medical students
at King Abdulaziz University, Jeddah, Saudi Arabia, Journal of Microscopy and
Ultrastructure. 4: 143-146.

Zenebe Y, Tibebu M, Tulu B, Mekonen D and Mekonen Z.2018. Methhicillin resistant
Staphylocoous aureus with genotyping method among human immunodeficiency virus
positive pediatrics patients in North west Ethiopia: A cross-sectional study design

.Ethiop.J Health Dev.32(3): 1-7
196


https://europepmc.org/search?query=AUTH:%22Chun-Yi%20Lee%22
https://europepmc.org/search?query=AUTH:%22Hui-Ju%20Yang%22
https://europepmc.org/search?query=AUTH:%22Yu-Ping%20Fang%22
https://europepmc.org/search?query=AUTH:%22Yu-Fen%20Chang%22
https://europepmc.org/search?query=AUTH:%22Shu-Ling%20Tzeng%22
https://europepmc.org/search?query=AUTH:%22Min-Chi%20Lu%22
https://pubmed.ncbi.nlm.nih.gov/?term=Yoo+YJ&cauthor_id=29577266
https://pubmed.ncbi.nlm.nih.gov/?term=Kwak+EJ&cauthor_id=29577266
https://pubmed.ncbi.nlm.nih.gov/?term=Jeong+KM&cauthor_id=29577266
https://pubmed.ncbi.nlm.nih.gov/?term=Baek+SH&cauthor_id=29577266
https://pubmed.ncbi.nlm.nih.gov/?term=Baek+YS&cauthor_id=29577266
http://dx.doi.org/10.4172/2161-0703.1000e131

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 197

Zervou FN, Zacharioudakis IM, Ziakas PD, Rich JD, Mylonakis E .2014. Prevalence
of and risk factors for methicillin resistant Staphylococcus aureus colonization in HIV
infection: a meta-analysis. Clin Infect Dis Off Publ Infect Dis Soc Am 59(9):1302-
1311.

197



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 198

6.0. Appendices
Appendix I: Information Sheet for HCWs
Title of the project:

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated
factors at TASH: Evidence from colonization of patients, health care workers,

Administrative staffs and selected inanimate objects.

Dear study participants,

You are invited to take part in a research study entitled

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated
factors at TASH: Evidence from colonization of patients, health care workers,
Administrative staffs and selected inanimate objects.

. The researcher is inviting health care workers in TASH to participate in this study..
This study is being conducted by Kassu Desta Tullu , a PhD candidate from the
Department of Medical Microbiology Parasitology and Immunology, School of
Medicine, College of Health Sciences, Addis Ababa University.

Purpose of the study:

The aim of this study is to determine colonization rate of Methicillin Resistant
Staphylococcus aureus in health care workers , administrative staff, and inanimate
objects such as your cell phones, and gown . We would also like to know the
knowledge. Attitudes and practice of health care workers on sources, transmission
and control of MRSA at TASH ,Addis Ababa, Ethiopia.

Procedures:

If you agree to be in this study, you will be asked to:

* be involved in providing sociodemograpic data

To fill out self-administered questionnaire related to KAP ,which will take about 20
minutes.

* Provide swab samples from the nasal cavity and from your cell phone and gown that
may take only three minutes.

Voluntary Nature of the research:

This research work is completely voluntary. Everyone will respect your decision of
whether or not to participate in the study. No one at the hospital or the college or

university will treat you differently if you decide not to be involved in the study. If
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you decide to join the study now, you can still change your mind later. You may stop
at any time.

Risks and Benefits of Being in the Study:

Being involved in this study, no major risk is anticipated, except a minor discomfort
during sample collection from the anterior nares of the nasal cavity. . Being in this
study would not pose risk to your safety or well being. There will not be direct benefit
to you , but your participation in the study could help in the design of appropriate
preventive measures to prevent transmission of MRSA in the Hospital. The outcomes
of the study will also identify gaps for planning further training on control and
prevention of Hospital acquired infections. .

Privacy:

Any information you provide will be kept confidential. The researcher will not use
your personal information for any purposes outside of this research project.
Moreover, we will not include your name or anything other personal identifiers in the
study reports. Data will be kept secured by storing paper questionnaires in locked
filing cabinets and in electronic form on password protected computers. Data will be
kept for a period of at least 3 years as required according to the rules and regulation of
the country

Contacts and Questions:

You may ask any questions you have now for further clarification related to the study.
Or if you have questions later, you may Contact the researcher via telephone at 0911
10 70 99 or email at kassudesta2020@gmail.com. If you want to talk privately about
your rights as a participant, you can call: IRB of the college of health science, Addis
Ababa University , telephone no. 0118961396 ;
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Appendix Il: Consent form for study participants ( HCWSs)

| have read the information sheet and | feel | understand the study well enough to
make a decision about my involvement in the research. | have understood that by
agreeing to be part of the study, swabs from my nasal cavity will be taken and also
swabs samples from my cell phone and gown. | will be asked information related to
socio demographic data and will also fill the questionnaire to KAP related

information..

Name : Date

Signature

Name of person conducting the informed consent

process.

Date : Signature
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Appendix Il : Information Sheet for Study participants (

admintrative staff )

Title of the project:

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated
factors at TASH: Evidence from colonization of patients, health care workers,

Administrative staffs and selected inanimate objects.

Dear study participants,

You are invited to take part in a research study entitled

Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated
factors at TASH: Evidence from colonization of patients, health care workers,
Administrative staffs and selected inanimate objects.

. The researcher is inviting administrative staffs CHS to participate in this study.. This
study is being conducted by Kassu Desta Tullu , a PhD candidate from the
Department of Medical Microbiology Parasitology and Immunology, School of
Medicine, College of Health Sciences, Addis Ababa University.

Purpose of the study:

The aim of this study is to determine colonization rate of Methicillin Resistant
Staphylococcus aureus in health care workers, administrative staff, and inanimate
objects such as your cell phones.

Procedures:

If you agree to be in this study, you will be asked to:

* be involved in providing sociodemograpic data

To fill out self-administered questionnaire related to sociodemographic factors work
experience and few questions on history of hospital admission and surgical
intervention you might encountered , which will take about 10 minutes.

* Provide swab samples from the nasal cavity and from your cell phone that may take
only three minutes.

Voluntary Nature of the research:

This research work is completely voluntary. Everyone will respect your decision of
whether or not to participate in the study. No one at the hospital or the college or
university will treat you differently if you decide not to be involved in the study. If
you decide to join the study now, you can still change your mind later. You may stop

at any time.

201



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 202

Risks and Benefits of Being in the Study:

Being involved in this study, no major risk is anticipated , except a minor discomfort
during sample collection from the anterior nares of the nasal cavity. . Being in this
study would not pose risk to your safety or well being. There will not be direct benefit
to you , but your participation in the study could help in the design of appropriate
preventive measures to prevent transmission of MRSA in the Hospital. The outcomes
of the study will also identify gaps for planning further training on control and
prevention of Hospital acquired infections.

Privacy:

Any information you provide will be kept confidential. The researcher will not use
your personal information for any purposes outside of this research project.
Moreover, we will not include your name or anything other personal identifiers in the
study reports. Data will be kept secured by storing paper questionnaires in locked
filing cabinets and in electronic form on password protected computers. Data will be
kept for a period of at least 3 years as required according to the rules and regulation of
the country.

Contacts and Questions:

You may ask any questions you have now for further clarification related to the study.
Or if you have questions later, you may Contact the researcher via telephone at 0911
10 70 99 or email at kassudesta2020@gmail.com. If you want to talk privately about
your rights as a participant, you can call: IRB of the college of health science, Addis
Ababa University , telephone no. 0118961396 ;
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Appendix 1V: Consent form for study participants (administrative staff)

| have read the information sheet and | feel | understand the study well enough to
make a decision about my involvement in the research. | have understood that by
agreeing to be part of the study swabs from my nasal cavity will be taken and also
swabs samples from my cell phone. | will be asked information related to socio

demographic data and some questions.

Name : Date

Signature

Name of person nel conducting the informed consent process:

Date : Signature
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Appendix V. Am§ NAG>=PPF AUPF P Am ao/Z8  (Information sheet for
HCWs)
PTCEh+® CON :- MEULT PHAMRL AhFLAhNN AM-ZN (Staphylococcus aureus )

@MY AT +LOr FICT NMRC ATNA ANTAARHE UNATFHA NFha P+ hme
NAT™PPF:  NANTERC NLt@F AT NAMPINFD AT8TL 0PPT AL o7
AL AN PMTA

PHNNGTU PG+ +AFLPT DAL NCOMN NtMPND DTF AT8A+E: ALINHTY
MERY PARLLCIM AN AT Nir BNZF kA AR AVFEI® NMT WLIN AR
NUART F92UCT NF PTRENA MLNC NPAB TENRPAE AT PATTAE,
FIPUCT N&A P3+E 8¢+ jax::

PGk AATY

PHU mTF PT AAGY AR e Ut P+AMRE. PANFLANNN ADZN NNELPL TBMT NMS
NAC™PPT HIE NANTBLC N&t+EF AL AT NATRTE MOM$mP ASPT AL
MATIR PRNLA PRPT AL IPT AL 97 PUA ATELY ATIDS j@-:: NhenTILT®
PMS NATP@m ALULT NATATRE ANFLANNA  ADRZN ARYA PR +AAENT
Ui AT NATEMMLLD: PAF@ PAM-$F I PAMANNT :P49NLP ALY
AODIIRITRG ATHIMS SpugP( jO-::

Phg+k AL L

NS+ NHNHa> Pan+ATY AOLEPT AT NARTIER A& AL NIO-FF AR A9
Nt+1PASH NAh AR §a>¢ A AM* EMN$PNFA :: AAGNP P+D@AT a°LE A8 AM-
NtHIE@m PAPMEP RCI° AR NAMRLE®- AT8TRNAT BUTR ML 20849 NF
PAOMAL  LUPFA = NAETER, & N +MCY ATLMAS. §a-GPF A78 9P
NAAMPINF +1eASH PA $E AT NIPFT AL NMM +MCT ATLOAL §a>G
ST +AFL AR EMNPA =

NHYU 25+ AL A+& NN P L AL P+HIALE DAY

NHY ®FF AL dOA+E PCA 19 &L AR P+IDAZ+ jA-II 9979° AM- ACH NHU
TFH AL AMA+E MLIR AAMA+E MALPT PhNLA=NHY MFH ATRA+E
NPATHE @LI° NNAE @D ML NRLNCA L BN NHAP APAN: A F8 mEge
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AJAR ARTAGR: 979R ATNY ALY NG+ ATRATE AT OALPT NAA 1H
P LFAN: +ATEPT NTFMI0 1 A LLCM- LT AN
NBG+k NA+E ATC PMFA NIT AT PTLD IR
NHU D9+ NAA+& NA&TR, AR Nhm PAAMAS. §aGPF Ny PaemMd- A5
AINTE PACRMTF N NA+PC AA F8F N&ES-I° ALANTATR::
NHY m5F NARATEP ACH NP F PILLNTT®- mPIR PATR: 11C 917 ACH NHY
MG NMEA+EP NPATFATY NP UL P+AMLYT PAFLANNA hardh
NA+EZPY AREMML AT APE AT@MT EMPTA: me+ NPNATFATT @AM
ATANA+E AT4NATT AMREMMES ATPhANA ATRLZT AAMSTPTFT AL AG
ATIHIET TA% ANAT BIPTA:

M AnC AATMNP
NHU mTF @-Nm NARA+E PAAMTY AOLE h NTNMDE LEHA: +aPLMMLPE
PCATY OZE NHU MF AL NtMPAD AATY Orgh, APM-AIR: ACNT P9R7A6-
m/EPTY APPIT NPT NE7Ch N ALNTTIR = NACH PIRFTTarY aB/E
NMEAE AMT NP AYRPMM LLZIA: NNIPTHC ONPI® NMANL RAG
PARPH RUTA: MPAA ARZE@ ANAT +h+tR AGRFt U AT 27N NTILP LM
@MALT BPaPMA::
NA 25+ P hAPT
NAMG+ QIFDTIID MPE AOMPP LFAA = mPE NAPT AT NA- BAF HAT NNAN
¢mC 0911107099 MLI™ NA A Kassudesta2020@gmail.com @®mPeP L FAd:
NP NALNP ANt AOMPPT aoZ8F+ NALAIP NALN ANN RLNCAL PMs ARTA
NAE PIRCIRCT N19RINC NG NNAN €PC 118961396 NARLMA APMPSP LFAN::
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Appendix VI. Ph929™14+ & (Consent form for HCWs)
NAL e+7Ae@-% ao/8 NAINM: P+Z8U AT NHU MTF AL ARA+E AT @-AL AL
ATERCH MPIRFA: NHUT® ALY NHU DTF NATE NAL TR & AR N+TPAPN
NAN A2 AT NJm3 AR N +MCY PAOAL 705 AMAMT AR U NALA
P46 a8 AAMT +ATITCFAL: NHTILITR NAG-$F I ACPANNT AT +9INC
IC e+ PPH APMLP AMRAAT AT ACPAMT +ATHIRFAU:

P AT AT e PYmmrmmennenee
A i T ——

PATRIT T 267 PNIPAD: AQF AT oo R
o T
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Appendix VII. Ah+8LC N&+EF AUPFr +AFEPT PMAm /8
(Information sheet for Administrative staff )

PTCEh+® CON :- MEULT PHAMRL AhFLAhNN AM-ZN (Staphylococcus aureus )
MY AT+ FICT NmeC ATNA ANTAALHE PATHA NFN@PTF: hme
NAG™PPF:  NANTSLC AGHETF AT NAUMea™NFam A187L 0SPT AL o7
R DNA PMTA =

PHNNGTU PG+ +AFLPT DAL NCOMA NHMPND DTF AT8A+E: ALINHTY
ME+RT P LRI IANNT AT DR BN kA& APF ANFE-I® NMT WLIN NAE
NUATRST +92UCT Nt P8 hd MEeRC NP T¢NLPrE AT PATMSTAE
FIPUCT N&A P3+E 8¢+ jax::

PGk AAM

PHU mTF PT AAGY o Uyt PHAMRS. PANFLANNA ADZN NNELL APMT NMS
NAC™PPT HIE NANTBLC N&t+EF AL AT NATRTE MOM$mP ASPTF AL
@MATID PRNLA PEPTF AR JPT AL 927 PUA ATELT ATIDP j@-:: N+ehTILIP
PMS NAT™PM- AEULET NATAMRE ANFLADNA  AORZN ODYR PAR+AAENT
Ui AT NATEMMLLD PAF@ PAM$F I PAMANNT :P+9NLP ATRLT
AODIGRIGOT ATYMS gL

Phg+k AL e

NS+ +hamae Paqn+A+Y AOZBPTF AT NAGTR h& AL AT NHIPAPAH NAD
AL GO0 @dMF EMNPNFA = NALNP P+@AT 028 AT8AMT NAPMEd
m/EmY AAMT ML 10 L£PPTF NF PAULOAL LUTA = NAGTER & N
+MCT ATOAS TaTPTF ATEUID NTMPINF +1PASLH PHA PR AL NAMD
+MCT ATLDAL §aG £ ST +AFL AT EMNSA =

NHYU 25+ AL A+E NN P L AL P+HALF DAY

NHU "G+ AL dA+& eCA 19 &P L AL P+aRA/+ 1M-II 997390 Am- ACH NHU
MmGE AL AMA+E MLIE AAMRA+E MN1PT PNNEA=NHU MGt AMA+E
NPNATFHA MLI® NhAE @AM MLIR NRLNACAL N N+AP dPAN A F8 MEgP
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ATAA RRTAGR: 99D AT T ALY NG+ ATRATE NLART® @ALPT NAA 1H
P LFAA: +ATEPT NRTFM-I0 1 A LLCM- LTFAK:

NeG+ NEA+E ATC PMTFA NIT AT PMTLD D PI°

NHU D9+ NA+& NA&TR, AR Nhm PAAMAS. OGP F Ny Paemmd- A5
ATNTE PACRADEE: AT NA+PC AA FEF N&BI° APANTATR: NHU A5
NAA+EP ACH NemF PALLATTM MmBPIR PAGR: 11C 97 ACH NHU TH
NMA+E&P NPATFATFY @AM eUrd P+AMLT PhFLnNA AN NAHLPT
A@®EMMC AT A%E ATM@M* EMPTMA: »G+ NPATFATT @-ND ATNA+
RIEARTT ATEMMET APPNANA ATLLLT NAMTPTT AT L AT ATIHIET TP
INAF LUTAs

m.AC AATMNP

NHU mTF @-Nm NARA+E PAAMFY aOLE d NTNMDE LEHA: +aPLMMLPE
PCAY a8 NHU MGTF AL N+MPAD AATY Mg, APOATR: ACAT PORIAG
m/EPTY APPIT NPT NL7CE N ALNFTTIR = NACH PIRETTORY an/E
NMEAE AMT NP AYRPMM LLZJIA: NNIPTHC NPI® NMANL RAG
PARPH RUTA: MPAA ARZED ANAT +h+tR AGRFE U AT 27N NTILP LM
oA/t &padmg\::

NA 25+ 2P hAPT

NAMG+ MIFDII0 M PE AOMPE LFAA = PR NAPT A N+ LAF kAT NNAR
¢mC 0911107099 M™LI™ NA A Kassudesta2020@gmail.com @®mPP L FAd:
NP NALNP ANt AOMPPT aoZ8F+ NALAIP NASN ANN RLNCAL PMs ARTA
NAE PRCIRCT NITRIINC N NNAN €MC 118961396 NARLMA AOMPP LT Ak
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Appendix VIII. PhI9R1t+ & AN+8LC N&tEF AU +AFLPF (Consent
form for Administrative staffs)

NAL P+IABM-1 AB2E NASINM P+28U AT NHU mGTH AL ATRA+E AT M-A% AL
ATERCN MPIRFA: NHUTD AT NHU 5T AATE hAL T & AR AT
NtIPALA NAR AL NP +MCY PROAL 705 APAMT AT8UT° NALN
PR 708 oL AdPAMF +ATIRFAL:
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el

Appendix IX. Questionnaires for survey of knowledge attitude, perceived
practice and information source for MRSA among health care personnel in
Tikur Anbesa Specialized Hospital, Addis Ababa, Ethiopia. You can keep a right
mark (V) on the bracket and write your response in the blank space.

Code No.

IX. a. General Information

Sex [ 1] M [ 1F
Age inyears [ ]
Marital status: [ ]Single [ ] Married [ ] Divorced

Current professional category
[ ] Medical Doctor [ 1Nurse
[ ] Medical Laboratory personnel [ ] Pharmacy personnel
[ ] Others, Specify
5. Educational status

[ ]Diploma [ ] Degree
[ ] General Practioner [ ] MSc [ ] Specialist
[ ] Others, Specify
6. Year of service as a health care worker
[ 11-2yrs [ 13-4yrs
[ ]15-7yrs [ 1810yrs [ ]>10yrs
7. How many gownsdoyouhave? 1[ ] 2[ ] 3[ ]14[]5[] 6ormore[ ]

8. Types of gowns Shortsleeves 1.[ ] 2.Longsleeves[ ]
9. Frequency of changing gown/s 1.[ ] Daily 2. [ ] every other day 3. [ ] weekly 4. [

]

every two weeks 5. [ ] others specify

10. Type of cell phone 1.[ ] Ordinary cell phone 2.[ ] Smart phone[ ]
11. Does the cell phone has cover 1.[ ]Yes 2.[ ]No
12. Do you use your cell phone in the operating rooms or during procedures or while
you assist, examine or care patients? 1.[ ]JYes 2.[ ]JNo 3.[ ]Some times
13. Source of information regarding MRSA (one or more responses)

1.[ ] Radio and television

2.[ ] The hospital itself

3.[ ] Colleagues

4. ] Health personnel

5.[ ] Training
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6.[ ] Personal experience
7. ] Others specify

14. Current work in wards / departments

1] JOPD 2.[ ] Laboratory 3.[ ] Pharmacy 4.[ ] internal medicine5.[ ]
. Obstetrics and gynecology [ ] 6.Pediatrics/ Neonatology [ ] 7. Surgery[ ] 8.
Emergency [ ] 9. Orthopedics [ ] 10. ICUs [ ] 11. others (
specify)
15. Have you ever taken any short term training about MRSA and other Multidrug

resistance bacteria ?
1[ 1Yes 2[ 1]No
16. If Yes, when
1.[ ] Lastyear 2 ]thisyear 3.[ ] before 3 years back
4. ]Before5yrsbhack [ ] 5. Other (mention the
date)

17. Are there any guidelines and leaf lets about MRSA related matter in your work

place ?
1] ] Yes 2.[ ]No 3.[ ]donotknow
18. Do you feel that there are sufficient hand hygiene materials like soap, water,
antiseptics and functional sinks in your working place?
1] ]Yes 2.[ ]No 3.[ ]donotknow
19. Have you ever been admitted in a hospital ? , if yes when (date , year)
1] ]Yes 2.[ ]No 3.[ ]donotknow
20. Have you had any surgical intervention during the last three years ?
1] ]Yes 2. ]No 3.[ ]donotknow
21. Have you had any surgical intervention for the last one year ?
1.[ 1Yes 2. ]No 3. ]donotknow

IX. b. Knowledge of health care personnel towards MRSA and related questions
1. The most important and effective measure to prevent transmission of MRSA infection
is
1.[ ] Use of prophylactic drugs
2.[ ] Environmental hygiene
3.[ ] Proper hand hygiene
2. What is MRSA ( Methicilin resistant Staphylocoous aureus )

1.[ ] Staphylocoous auerus which is resistant to Methicilin drug alone
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2.[ ] Staphylocoous auerus which is resistant at least to penicillin and
cephalosporions groups
3.[ ] Staphylocoous auerus which is sensitive to all drugs
MRSA could be transmitted from health care personnel to patients
1.[ ]Correct
2.[ ] Incorrect
Clean hands protect MRSA related illness in health care institutions
1. [ ]Correct
2.[ ]Incorrect
Hand washing practice does not help to interrupt transmission of MRSA in hospital set
up
1.[ ] Correct
2.[ 1] Incorrect
It is not fair to decolonize MRSA carrying patients before surgical procedures
L[ ] Correct
2.[ ] Incorrect
. Contaminated hands , cell phone and gowns can carry MRSA and or other germs and
be transmitted to patients
L[ ] Correct
2.[ ] Incorrect
If TASH plan decolonization of patients with MRSA ( Nasal) which drugs is more
appropriate
L[ ] Hot water bath 2. [ ] Mupirocin 3.[ ] TTC ointment
IX. c. Attitudes of health care personnel towards MRSA related issues at Tikur
Anbesa Specialized Hospital
1. System wide approach about MRSA prevention is important in TASH
1.[ ]Stronglyagree 2. ] Agree 3.[ ]Undecided 4.[ ] Disagree
5.[ ]strongly disagree
Health care workers can carry MRSA and they could transmit it to patients during
handling in the hospitals ?
1.[ ]Stronglyagree 2.[ ] Agree 3. ]Undecided 4. [ ] Disagree
5.[ ]strongly disagree
. Adherence of health care workers on personal protective devices PPD is key factors
for control of MRSA related illness / infection ?
1.[ ]Stronglyagree 2.[ ] Agree 3.[ ]Undecided 4.[ ] Disagree

5. [ ]strongly disagree
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4. Use of frequent hand hygiene could causes irritation on hands and does not halt
MRSA transmission
1.[ ]Stronglyagree 2.] ] Agree 3.[ ]Undecided 4.[ ]Disagree
5. [ ]strongly disagree
5. All health care workers should be screened for MRSA colonization during
outbreak condition
1.[ ]Strongly agree 2.[ ] Agree 3.[ ]Undecided 4.[ ] Disagree
5.[ ]strongly disagree
6. Cell phone and gown could carry MRSA and it could be a source of infection
for Patients
1.[ ]Stronglyagree 2. ] Agree 3.[ ] Undecided
4 ]Disagree 5.[ ] strongly disagree
7. Health care personnel who is colonized with MRSA should be decolonized
before patient contact
1.[ ]Strongly agree 2.[ ] Agree 3.[ ]Undecided
4.[ ] Disagree 5.[ ]strongly disagree
8. If health care workers had MRSA in the nares the person can involve in minor
Surgical intervention.
1.[ ]Strongly agree 2.] ] Agree 3.[ ] Undecided
4. ]Disagree  5.[ ]strongly disagree

9. When “ you feel ill”, you should not be isolated from work place.
1.[ ]Stronglyagree 2.] ] Agree 3. [ ]Undecided
4. [ ] Disagree 5. [ ]strongly disagree
10. Safety measures taken by health care personnel does not minimize MRSA rate in a
hospital
1.[ ]Strongly agree 2.[ ] Agree 3. [ ] Undecided
4. [ ]Disagree 5. [ ]strongly disagree
IX. d. Self reported practice of health care personnel towards MRSA colonization
and intervention measures in TASH.

. Wash hands before and after patient contact

1.[ ]Never 2. ]Seldom 3.[ ]Sometimes 4.[ ]Often 5.[ ] Very often
. Wear aprons and gowns during contacts with patients.

1[ ] Never 2.] ]Seldom 3.[ ]Sometimes4.[ ]Often5.[ ] Very often
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3. Wear mask during caring / examining patients
1] ]Never2[ ]Seldom 3.[ ]Sometimes 4 ]Often 5.] ] Veryoften
4. Trained about hand hygiene and other personal protective devices (PPDs) methods to
prevent MRSA transmission
1.[ ]Never 2. ]Seldom 3.[ ]Sometimes 4 ]Often 5.[ ] Very often
5. Clean gowns and other personal protective devices
1] ]Never 2[ ]Seldom 3.] ]Sometimes4.[ ]Often5.[ ] Very often
6. Does not clean cell phone and or cell phone cover
1.[ ]Never 2[ ]Seldom 3.[ ] Sometimes4.[ ]Often 5.[ ] Very often
7. Encourage other staffs to adhere on cleaning of gowns and cell phone/cover.
1.] TNever 2.[ ]Seldom 3.[]Sometimes4.[ ] Often 5.[ ] Very often
8. Consult appropriate personnel about MRSA transmission while you had infection.
1.[ ] Never 2.[ ]Seldom 3.[ ]Sometimes 4 ]10Often 5.[ ] Veryoften
9. Perform / request regular medical check up
1.[ ] Never 2] ]Seldom 3.[ ] Sometimes 4. ]Often 5. ] Very often

10. Teach families and other close friends that you might transmit MRSA and other

related infection to them
1.] ] Never2.[ ]Seldom 3.[ ]Sometimes4.[ ]Often5.[ ] Very often
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Appendix  X. Questionnaires for survey of MRSA colonization study for
administrative staff of CHS, TASH ,AAU, Addis Ababa, Ethiopia. You can keep

a right mark (V) on the bracket and write your response in the blank space.

Code No.

I. General Information (You can keep a right mark (V) on the bracket and write

your response in the blank space).

1. Sex [ 1 M [ 1F

2. Ageinyears [ ]

3. Marital status: [ ] Single [ ] Married [ ] Divorced

4 Current professional category ( Please Specify)

ol

. Educational status
[ ]Diploma [ ] Degree [ IMSc[ ] Certificate
[ ] Others, Specify
. Year of service as a administrative staffs
[ J1-2yrs [ ]13-4yrs [ ]5-7yrs[ ]8-10yrs [ 1>10yrs
. Type of cell phone 1.[ ] Ordinary cell phone 2.[ ] Smart phone[ ]

(o2}

oo

. Is the cell phone has cover 1.[ ]Yes 2.[ ]No

9. Current working departments / units

10. Have you ever admitted in hospital? , if yes when ( date , year)
1] ]Yes 2.[ ]No 3.[ ]donotknow
11. Have you had any surgical intervention for the last three years?
1] ]Yes 2. ]No 3.[ ]donotknow
12. Have you had any surgical intervention for the last one year ?
1.[ 1Yes 2.[ ]No 3. ]donotknow
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Appendix XI. Additional tables

Table 3.27. Overall Knowledge score of HCWs with the variability of gowns and mobile

phone use in TASH, 2019, Addis Ababa, Ethiopia, 2019

Over all Knowledge status of HCWs

Variables Good no. ( %) Poor no. ( %) X? pvalue
No. Gowns (n= 587)
One 71 (12.09 %) 17 (2.89 %)
Two 202 (34.41 %) 29 (4.94 %)
Three 150 ( 25.55 %) 25 (4.25 %) 2.92;0.712
Four 50 ( 8.51 %) 8 (1.36 %)
Five 19 (3.23 %) 4 (0.68 %)
Six and above 11 (1.87 %) 1( 0.7 %)
Type of gown ( n=587)
Short 176 (29.98 %) 33 (5.62 %)
Long 295 (50.25 %) 42 (7.5 %) 3.26; 0.196
Both 32 (5.45 %) 9 (1.53 %)
Frequency of changing
Gown (n=585)
Daily 7 (1.19 %) 4 (0.68 %)
Every other day 112 (19.14 %) 31 (5.29 %) 15.08; 0.005
Weekly 247 (42.22 %) 34 (5.81 %)
Every other week 89 (15.21 %) 10 (1.70 %)
As required A7 ( 8.03 %) 4 (10.68 %)
Type of cell phone (n=
586)
Touch pad / ordinary 74 ( 12.62 %) 23 (3.92 %)
Smart 421 (71.84 %) 54 (9.21 %) 24.85; 0.000
Both 7 (1.19 %) 7 (1.19 %)
Cell phone cover (582)
Present | 235 (40.37 %) 42 (7.21 %) 0.684; 0.408
Absent | 266 ( 45.70 %) 39 ( 6.70 %)
Use of Mobile phone
during clinical practice
(n=582)
Yes 347 (59.62 %) 40 (6.87 %)
No 91 ( 15.63 %) 20 (3.43 %) 14.31; 0.001
Sometimes 63 ( 10.82 %) 21 ( 3.60 %)
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Table 3.28. Over all Knowledge score of HCWs with source of information and
hospital exposure at TASH, Addis Ababa, Ethiopia, 2019

Variables Over all Knowledge status of HCWs
Good no. ( %) Poor no. ( %) X? pvalue
Source of information for MRSA
(n=585)
Radio and TV 31 (5.29 %) 13 (2.22 %)
Hospital itself 104 (17.77 %) 19 (3.24 %)
Colleagues 45 (7.69 %) 6 (1.02 %) 20.817; 0.013
Health personnel 80 (13.67 %) 11( 1.88 %)
Training 52 (18.88 %) 9(1.53 %)
Personal experience 60 (10.25 %) 14 (2.39 %)
Other books, journals 27 (4.61 %) 3(0.51 %)
2 responses of above 59 (110.08 %) 1(0.17 %)
3 responses 31 (5.29 %) 3 (0.51 %)
4 or more responses 13 (2,22 %) 4 (0.68 %)
Training on MRSA (n=584)
Yes 48 (8.21 %) 22 (3.76 %) 19.92; 0.000
No 454 (77.73 %) 60 (10.27 %)
Presence of guidelines and or leaf
lets ( n=584)
Yes 57 (9.76 %) 24( 4.10 %) 19.063; 0.000
No 379 (64.89 %) 53 (9.07 %)
Do not know 65 (11.13 %) 6 (1.02 %)
Availability of sufficient hand
hygiene materials ( n=585)
Present 158 ( 27.00 %) 31(5.29 %) 19.425; 0.000
Absent 338 (57.77 %) 45 (7.69 %)
Do not know 6 (1.02 %) 7(1.19 %)
Hospital admission ( n=586)
Yes 79 (13.48 %) 20 (3.41 %) 3.80; 0.149
No 420 (71.67 %) 63 (10.75 %)
Do not know 3(0.51 %) 1(0.17 %)
Surgical intervention (n=584)
Yes 56 (9.58 %) 11 (1.88 %)
No 441 (75.51 %) 70 (11.98 %) 6.6; 0.037
Do not know 3(0.51 %) 3(0.51 %)
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Table 3.31. Overall attitude score of HCWS with use of gown, cell phone and at
TASH, 2019, Addis Ababa, Ethiopia, 2019

Variables Over all Knowledge status of
HCWs
Good attitude Poor attitude | X* p value
no. ( %) no. ( %)

No. Gowns (n=584)
One 46 (7.87 %) 41 (7.02 %)
Two 131 (22.43 %) 99 ( 16.95 %)
Three 98 (16.78%) | 76 (13.01 %) 4.75; 0.446
Four 25 (4.28 %) 33 (5.65 %)
Five 13 (2.22 %) 10 (1.71 %)
Six and above 5(0.85%) 7(1.19%)

Type of gown (n=584)
Short 104 (17.80 %) | 104 (17.80 %)
Long 194 (33.21 (%) | 142 (24.31 %) 3.44;0.179
Both 20 (3.42 %) 20 (3.42 %)

Frequency of changing Gown

(n=582)
Daily 2(0.34%) 9 (1.54 %)
Every other day 72 (12.37 %) 71(12.19%) | 13.66;0.008
Weekly 151 (25.94 %) | 128 (21.99 %)
Every other week 55 (9.45 %) 43 (7.38 %)
As required 37 (6.35 %) 14 (2.40 %)

Type of cell phone (n=583)
Touch pad / ordinary 36 (6.17 %0 61 ( 10.46 %)

Smart 277 (4751%) | 195(33.44) | 17.15; 0.000
Both 5(0.85 %) 9 (1.54 %)

Cell phone cover (n=579)
Present 138 (23.83 %) 138 (23.83 %) | 4.45;0.035, OR/CI 1.2

(1.01-1.44)

Absent 178 (30.74%) | 125 (21.58 %)

Use of Mobile phone during

clinical practice (n =579)
Yes 222 (38.34%) | 162 (27.97 %)
No 49 (1 8.46 %0 62 (10.70 %) | 6.52;0.038
Sometimes 45 (7.77 %) 39(16.73 %)
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Table 3.32. Over all attitude score of HCWs with source of information and
hospital exposure at TASH, Addis Ababa, Ethiopia, 2019

Variables Over all attitude of HCWs
Good no. ( %) Poor no. ( %) X* pvalue
Source of information for
MRSA(n=583)
Radio and TV 20 (3.43 %) 24 (4.11 %)
Hospital itself 59 (10.12 %) 64 ( 10.97 %)
Colleagues 28 (4.80 %) 23 (3.94 %) 30.17; 0.00
Health personnel 40 ( 6.86 %) 50 ( 8.57 %)
Training 42 (7.20 %) 19 (13.25 %)
Personal experience 32 (5.48 %) 42 (7.20 %)
Other books, journals 20 (3.43 %) 10 (1.88 %)
2responses of the above 39 (6.68 %) 21 ( 3.60 %)
3 responses of the above 26 ( 4.45 %) 7 (1.20 %)
4 or more responses of above 12 (2.05 %) 5(0.85 %)
Training on MRSA (n=582)
Yes 31(5.32 %) 39 (6.7 %) 3.32;0.068
No 286 (49.14 %) 226(38.8 %) OR/CI:1.26
(1.002-1.589)
Guidelines and or leaf lets ( n=582)
Yes 27 (4.63 %) 54(19.27 %) 16.96; 0.000
No 250 (42.95%) | 181( 31.09 %)
Do not know 40 (6.87 %) 30 (5.15 %)
Availability of sufficient hand hygiene
materials ( n= 583)
Present 84 (14.40 %) 105 (18.01 %) 24.52; 0.000
Absent 233 (139.96 %) 149 (25.55 %)
Do not know 1(0.17 %) 11(1.88 %)
Hospital admission ( n=584)
Yes 58 (9.93 %) 41 (7.02 %) 4.32;0.115
No 256 (43.83%) | 225 (38.52 %)
Do not know 4 (0.68 %) 0 (0%)
Surgical intervention ( n=582)
Yes 35(6.01 %) 32 (5.49 %)
No 280 (48.10 %) 229 (39.34 %) 1.25;0.529
Do not know 2 (0.34 %) 4 (0.68 %)
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Table 3.35. Over all practice score with gown use by HCWs of TASH, Addis

Ababa, Ethiopia, 2019

Variables Over all Practice status of HCWs
Good practice | Poor practice X? pvalue
no. ( %) no. ( %)
No. of Gowon (n=582)
One 58 (9.96 %) 28 (4.81 %)
Two 157 (26.97 %) | 71 (12.19 %)
Three 116 (19.93 %) | 59 (10.13 %) 4.65; 0.460
Four 44 (7.56 %) 14 ( 2.40 %)
Five 13 (2.23 %) 10 (1.71 %)
Six and above 10 (1.71 %) 2 (0.34%)
Type of Gown (n=582)
Short sleeves 149 (25.60 %) 58 (9.96 %) 3.45; 0.178
Long sleeves 219 (37.62 %) 116 (19.93 %)
Both type 30 (5.15 %) 10 (1.71 %)
Frequency of changing gown
(n=580)
Every day 8 (1.37 %) 2 (0.34 %)
Every other day 105 (18.10 %) 37 (6.37 %)
Weekly 187 (32.24 %) | 92 (15.86 %) 5.39; 0.249
Every other week 67 (11.55 %) 32 (5.51 %)
As required 29 (5.0%) 21 (3.62 %)
Current working department
(n=580)
OPD 51 (8.79 %) 14 (2.41 %)
Laboratory 37 (6.37 %) 11 (1.89 %)
Pharmacy 14 (2.41 %) 3(0.51 %)
Medical wards 32 (5.51 %) 14 (2.41 %) 21.19; 0.031
Obstetrics & gynaecology 51 (8.79 %) 38 (6.55 %)

Paediatrics & neonatology 42 (7.24 %) 22 (3.79 %)
Surgery 41 (7.06 %) 27 (4.65 %)
Emergency 22 (3.79 %) 9 (1.55 %)

Orthopedics 15 (2.58 %) 3(0.51 %)
ICU 42 (7.24 %) 16 (2.75 %)
Radiology/ imaging 37 (6.37 %) 14 (2.41 %)
Others 12 (2.06 %) 13 (2.24 %)
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Appendix XII. Material Transfer Agreement

This Material Transfer Agreement (MTA) has been prepared for use by Department of
Medical Microbiology, Immunology and Parasitology, CHS, Addis Ababa University,
Ethiopia

The Department of Medical Microbiology, Immunology and Parasitology, College of
Health Sciences, Addis Ababa University, Addis Ababa, Ethiopia,will facilitate the
transfer of research materials (bacterial isolates and derivatives (ACDP Hazard Group
2) (the Research Material) related to the stated protocol under the thesis title “Burden
of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at
TASH: Evidence from colonization of patients, health care workers, administrative

staffs and selected inanimate objects”

Provider:

Department of Medical Microbiology, Immunology and Parasitology,
College of Health Sciences,

Addis Ababa University,

P.O. Box 9086, Addis Ababa, Ethiopia.

Recipient:
The University of Sussex, whose principal administrative offices are at Sussex House,

Falmer, Brighton, BN1 9RH UK
Tel: +44 1273 877889, Fax: +44 1273 877884
The Provider agrees to transfer to the Recipient the Research Material which will be

characterized using different molecular techniques.

1. The Research Material will only be used for research purposes as described in the
protocol by the Recipient’s investigator in a designated laboratory for the research
project described below, under suitable containment conditions. This Research
Material will not be used for commercial purposes such as screening, production or
sale for which a commercialization license may be required. The Recipient agrees to
comply with all National and International guidelines rules and regulations applicable
to the Research Project and the handling of the Research Material.

a) Are the Research materials of human origin?

Yes ™ No [
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Description: Bacterial isolates (ACDP Hazard Group 2) from human samples.

b) If yes, are they collected according to the details in the protocol and in adherence to
National Health Research Ethics Review Committee (NERC), IRB of CHS, AAU
recommendations and their approval?

Yes M No [J

2. The Research Material and its derivatives will be used by Recipient’s investigator

solely in connection with the following research project:
“Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated

factors at TASH: Evidence from colonization of patients, health care workers,

administrative staffs and selected inanimate objects”.

3. In all presentations or written publications concerning the research project, the
Recipient will seek agreement from the Provider and acknowledge the Provider’s

contribution of the Research Material unless requested otherwise.

4. The Research Material represents a significant contribution on the part of the Provider
and is considered proprietary to the Provider. The Recipient therefore agrees to retain
control over this research material and further agrees not to transfer the research
material to other people not under her/his direct supervision without advance written
approval of Provider. The Research Material will be disposed of as agreed upon per
protocol at the end of completion of the project.

5. The Provider is responsible for shipment of the Research Material and shall use a
courier with suitable skill and experience to safely transport the Materials in
accordance with all applicable laws.

6. The Provider does not take any responsibility for loss, damage, wastage or spoilage of
the Research Material during or after shipment to the address provided by the
Recipient under conditions agreed to in the protocol on shipment of the isolates. This
Research Material is provided as a service to the research community. The material is
supplied to the recipient with no warranties, express or implied, including any
warranty of mechantability or fitness for a particular purpose. The Provider makes no
representations that the use of the Research Material will not infringe any patent or

proprietary right of third parties.
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7.

10.

11.

The Recipient shall notify the Provider in witting of any intention, improvement,
modification discovery or development to the material or the information made by the
recipient or parties, collaborating with the recipient, here in after referred to as
“invention”. Nothing in this agreement shall, however, be construed as conveying to
the Provider any rights under any patents or other intellectual property to such
invention, other than as explicitly provided herein. At their discretion the Provider
shall be entitled to receive sample of any materials derived from the materials for its

own research and evaluation purposes only.

The under-signed Provider and Recipient expressly certify and affirm that the contents

of any statements made herein are truthful and accurate.

The Provider acknowledges the Recipient does not warrant the validity of any of the
results generated by the Recipient through the use of the Research Material and the

Provider shall rely upon those results at their own risk.

The Provider maintains ownership rights of the Research Material and its derivatives
unless stated otherwise.

The Provider will retain a copy (aliquot) of bacterial isolates sent abroad as much as

possible, as stipulated by Ethiopian National Ethics Review Committee Guidelines for
Local Research needs.

223



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 224




Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 225

Appendix XI11. Publications from the PhD Extrcat .
ORIGINAL RESEARCH 1

High Levels of Methicillin-Resistant Staphylococcus aureus Carriage Among Healthcare
Workers at a Teaching Hospital in Addis Ababa Ethiopia: First Evidence Using mecA
Detection

Kassu Desta “* , Eleni Aklillu ® , Yirgu Gebrehiwot® , Fikre Enquselassie®, Daire
Cantillon® , Leena Al-Hassan® , James R Price® ,Melanie J Newport® ,Gail Davey®® ,
Yimtubezenash Woldeamanuel *

1 Department of Microbiology, Immunology, and Parasitology, School of Medicine, College of Health
Sciences (CHS), Addis Ababa University (AAU), Addis Ababa, Ethiopia; 2 Department of Medical
Laboratory Sciences, CHS, AAU, Addis Ababa, Ethiopia; 3 Division of Clinical Pharmacology,
Department of Laboratory Medicine, Karolinska Institute, Karolinska, Sweden; 4 Department of
Obstetrics and Gynecology, School of Medicine, CHS, AAU, Addis Ababa, Ethiopia; 5 School of
Public Health, CHS, AAU, Addis Ababa, Ethiopia; 6 Department of Global Health and Infection,
Brighton and Sussex Medical School, Brighton, UK { Fikre Enquselassie passed away on October 27,
2019 Correspondence: Kassu Desta, Tel +251 911107099, Email kassudesta2020@gmail.com

Abstract

Background: Staphylococcus aureus is a major human pathogen and causes
healthcare and community-acquired infection. Data on the extent of MRSA
colonization among health-care workers (HCWSs) in sub-Saharan Africa are limited.
Hence, we determined the burden of MRSA colonisation among HCWSs and
administrative staff in Tikur Anbessa Specialised Hospital (TASH), College of Health
Sciences (CHS), Addis Ababa University, Ethiopia.

Methods: Using a cross-sectional study design, participants were screened for MRSA
colonisation between June 2018 and August 2019 using nasal swabs. The swabs were
analysed using standard laboratory methods including antibiotic resistance gene,
mecA. Anonymised sociodemographic data were collected by pretested questionnaires
to evaluate HCWs factors associated with MRSA carriage.

Results: A total of 588 HCWs and 468 administrative staff were screened for MRSA.
Women were over-represented. Overall, 49.1% (289/588) of HCWs were nurses and
25% (117/468) of the administrative staff were cleaners or laundry workers. Overall,
138 S. aureus isolates were retrieved from the nasal swabs of both groups (16.3%,
96/588 from HCWs). The burden of MRSA colonisation was 4.8% (28/580, 95% ClI:
3.1-6.5%) among HCWs compared to 0.2% (1/468, 95% CI. 0.18-0.6%) of
administrative staff (p value).

Conclusion: This is the first report in Ethiopia on MRSA colonization using mecA
and revealed that; (i) overall carriage rates of MRSA in HCWs are comparable with
observations reported in some other countries and (ii) HCWs exhibit a higher burden
of MRSA carriage than administrative staff. Our data support strategic screening of
MRSA and antimicrobial stewardship for better intervention measures. (Infection and
Drug Resistance 2022:15 3135-3147).

Keywords: MRSA, HCWs, administrative staff, mecA, TASH, Ethiopia
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Introduction

Globally, Staphylococcus aureus is a major human pathogen that can cause a wide
range of infections, both health care associated and community-acquired. It also exists
as a commensal and approximately 30% of the human population is colonized with S.
aureus at one point in time! and 5% are colonised with methicillin resistant S. aureus
(MRSA) strains. Carriage precedes infection.?

Methicillin resistance is primarily mediated by penicillin-binding protein 2a which has
a low affinity for p-lactam antibiotics. The mecA gene is part of a 21 to 60 kb
Staphylococcal chromosome cassette mec (SCCmec), a mobile genetic element that
may also contain genetic structures such as Tn554, pUB110, and pT181 which encode
additional resistance to non-B-lactam antibiotics.3 MRSA can also acquire
vancomycin resistance through a plasmid-mediated mechanism (vanA, vanB)
transferred from enterococcal species.* MRSA screening and suppression in
hospitalised patients, patients undergoing surgery or haemodialysis procedures, cancer
patients, neonates (especially those who are underweight) and patients in ICU, have
been practiced routinely in many developed countries to minimize the prevalence and
spread of MRSA infection.>® Health-care workers (HCWs) who are colonised with
MRSA can transmit it to patients and the community. The burden of MRSA carriage
among HCWs has been described in many countries around the globe.”** However, in
low and middle-income countries including Ethiopia, there has been very little
research describing carriage of MRSA among HCWs.12,13 Importantly, the few
published studies use phenotypic methods to characterise MRSA, which can result in
over- or underestimated prevalence rates. We aimed to determine the burden of MRSA
carriage among HCWs and administrative staff at a large group of teaching hospitals
in Addis Ababa, Ethiopia, using both phenotypic and genotypic methods. Moreover,
we compare nasal carriage rate of HCWSs and administrative staff. Knowing the real
burden of MRSA will enable health-care providers and policymakers to design
appropriate strategies for the control and prevention of MRSA at the study site and
other similar settings.

Materials and Methods

Study Site, Design and Duration: A prospective cross-sectional study design was
conducted at Tikur Anbessa Specialised Hospital (TASH), a teaching and referral
hospital in Addis Ababa, Ethiopia between June and September 2018 for phenotypic
analysis, while the molecular tests were performed from May to August 2019. During
the data collection period, there were 1245 HCWs (400 medical doctors, 600 nurses,
70 laboratory personnel, 60 pharmacy personnel, 115 other HCWSs) and 1200
administrative staff in the Hospital. All HCWSs have direct patient contacts while
administrative staff do not have direct roles in patient management or care. During the
time of data collection CHS had two functional hospital buildings in the same
compound, one administration building adjacent to the hospital and another
administrative and academic campus located four kilometers away from the hospital.

226



Burden of Methicillin Resistant Staphylococcus aureus (MRSA) and associated factors at TASH 227

TASH provides medical, surgical, obstetrics and gynaecology, radiology and imaging,
laboratory and pharmacy services.

Study Participants and Outcome Variables: All HCW and administrative staff
working at TASH for at least 6 months prior to the data collection period were
approached to join the study. Participants who had taken antimicrobial drugs in the 15
days prior to data collection, staff on leave of absence and those who have been
admitted to the hospital in the month prior to data collection were excluded. The
burden of MRSA from nasal swabs of study participants was the outcome variable,
while sociodemographic and other work-related data were collected as independent
variables.

Sample Size and Sampling Technique: The single population proportion method
was used to calculate the sample size. We used a 12.7% MRSA rate from a previous
study in Dessie, Ethiopia'? with a 95% confidence interval, 5% margin of error, and
10% contingency level, resulting in a sample size of 520 participants. However, we
have included more HCWs than the calculated sample size to include different cadres
of HCWs. The number of HCWs per cadre was allocated based on their proportion
and convenience of selection. We selected administrative staff using convenience
sampling until the required sample size was fulfilled.

Data Collection : Socio-demographic data were collected from HCWs using pretested
self-administered questionnaires, while administrative staff were interviewed by data
collectors. Sociodemographic data including age, gender-identity, information on
availability of guidelines and leaflets about MRSA prevention and control, availability
of adequate hand hygiene materials. Past medical and surgical history were collected
both for HCWs and administrative staff.

Sample Collection and Isolate Characterisation : A nasal sample was collected
from both anterior nares using a single cotton-tipped sterile moistened swab (Amie’s,
Oxoid, England), placed in Amie’s transport media and transported to the laboratory
in the Department of Microbiology, Immunology, and Parasitology (DMIP) at CHS,
AAU for further analysis. If there was a delay, samples were kept in the refrigerator
for no more than 12 hours.

All nasal swabs were cultured on mannitol salt agar or CHROMagar MRSA (Oxoid,
England) and incubated overnight at 35-36°C for primary isolation of S. aureus. As
per routine testing methods, colonies resembling Staphylococci species were further
tested; those exhibiting catalase and coagulase, mannitol fermentation, or DNAse were
identified as S. aureus. Antimicrobial susceptibility testing was determined using
clinical laboratory standard institute (CLSI, 2018) methodology including, rifampin
(5pg), clindamycin  (2pg), trimethoprim-sulfamethoxasole  (1.25/  23.75ug),
erythromycin (15pg), tetracycline (30ug), and penicillin (10 Units). Methicillin
resistance was detected using the cefoxitin (30 pg) disc diffusion test and mecA
detection. The MHA plates were incubated at 36°C for 16-18 hours, and the zone of
inhibition around the disc was measured in millimetre using graduated callipers and
the isolates were classified as sensitive, intermediate, or resistant according CLSI
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guidelines. All isolates were stored in skimmed milk glycerol medium at —30 to
_70°C 131415

Resistance Mechanism Genotyping: Genotyping was undertaken at the Department
of Global Health and Infection, Brighton and Sussex Medical School, University of
Sussex, UK. DNA preparation was performed using Instagene matrix solution Kits
(IMS, BIO-RAD, Munchen, Germany) following the manufacturer’s instructions.
Briefly, 1-2 loopful of overnight growth colonies of S. aureus were suspended in a
sterile Eppendorf tube and washed with sterile double distilled water (DDH20). The
pellets were suspended in 200 ul of 6% IMS and the mixture was heated in a heat
block at 56°C for 20 min, then vortexed and heated for 8 min at 100°C and centrifuged
at 8000x g for 2-3 minutes. The DNA quality and concentration was assessed using
NanoDrop™ one Spectrophotometers (Thermo Scientific™).

PCR for mecA, vanA, and vanB Detection : The presence of mecA was amplified by
polymerase chain reaction (PCR) using mecA forward and reverse primers
AAAATCGATGGTAAAGGTTGGC and AGTTCTGGAGTACCGGATTTGC,
respectively, following previously described methods with slight modification.™
Briefly, 22.5ul of a master mix composed of 50 units/mL of Tag DNA polymerase,
400uM of each dATP, dGTP, dCTP and dTTP, 3mM MgCI2 was mixed with 10
mmol of 0.5ul of each primer and 1.5ul of DNA product was mixed and PCR was
done in a thermocycler (MRB Research, UK) with an initial 35 cycles of amplification
(denaturation at 94°C for 60s, primer annealing at 60°C for 90s and primer extension
at 70°C for 60s), and final extension at 72°C for 5 minutes. Then, 5ul of PCR products
and 1 pL of loading dye was mixed and the band was resolved in 1.2% agarose gel
prepared in 1x Tris borate EDTA (TBE) buffer containing 0.5 pg/mL of SYBER
green solution. A hundred (100) bp DNA ladder was used as a molecular marker, the
amplification products were electrophoresed for 1h at 100V and visualized under a gel
image instrument LICOR Odyssey Fc Imager and the images saved in the computer.

vanA and vanB were amplified using PCR protocols as described elsewherel6 with
slight modification. Briefly, we used the GTGACAAACCGGAGGTAATA forward
and TCA CCC CTT TAA CGC TAA TA reverse primers, for vanA, and forward
primer of CAG TGCATGTGCCATGGATA and reverse primer of CCG CCA TCC
TCC TGC AAA AAA for vanB. A master mix (composed of 50 units/mL of Taq
DNA polymerase, 400uM of each dATP, dGTP, dCTP and dTTP, 3mM MgCI2) of
22.5pl was mixed with 10 mmol of 0.5ul of each forward and reverse primers of vanA
and vanB, and 1.5pl of DNA product of each gene was mixed. PCR reaction was
resumed in a thermocycler (MRB Research, UK) with an initial 35 cycles of
amplification (denaturation at 94°C for 60s, primer annealing at 60°C for 90s and
primer extension at 70°C for 60s), and final extension at 72°C for 5 minutes. Sul of
PCR products and 1pl of loading dye were mixed and the band was resolved in 1.2%
agarose gel prepared in 1x TBE buffer containing 0.5pg/mL of SYBER green
solution. A hundred (100) bp DNA ladder was used as molecular marker, and the
amplified products were electrophoresed for 1h at 100V. The gel was visualized under
a gel image instrument, LICOR Odyssey Fc Imager and the image saved into the
computer. In this study, we considered MRSA if the isolate was resistant to cefoxitin
and positive for mecA.
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Quality Assurance Measures: All pre-analytical, analytical, and post-analytical
quality control (QC) measures were taken following standard operating procedures
(SOPs) for isolation, identification, antimicrobial susceptibility testing (AST) and
molecular testing. S. aureus (ATCC 25923), MRSA 252 Newman strains and E.
faecium 1024 were used as QC strains. About 5% of AST was duplicated to check for
any difference in performances. Known gram-positive and negative organisms were
used to assess the QC of gram staining reagent, coagulase, DNAse, and catalase tests.
Positive and negative controls were implemented for all PCR reactions and gel
electrophoresis reading. Isolates were stored at negative 80°C with glycerol and
skimmed milk. Data Analyses Data analyses and cleaning were done using SPSS
version 20.0 software. Comparison was made for different variables among MRSA
positive and negative participants and statistically tested using chi-square or Fisher’s
exact test. A comparison was made between the MRSA colonization rate of HCWs
and administrative staff. A p-value of <0.05 was considered as statistically significant.

Ethical Considerations :This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained from the Institutional Review
Board of CHS, AAU (Ref. no. AAUMF 03-008) and from the national research and
ethics review committee (Ref. no. MoST 310/160/18). Written informed consent was
obtained from each participant. The confidentiality of all information gathered from
the participants was maintained. Participants were informed on the overall findings
including MRSA carriage in the hospital. The principal investigator showed
photographs of MRSA cultures for HCWs, to create some awareness on MRSA and
other drug-resistant bacteria.

Operational Definition and Abbreviations :Health-care workers: These are qualified
health-care professionals including nurses, doctors, laboratory personnel, pharmacy
personnel, radiographers and radiologists, physiotherapists, anesthetist, interns and
residents who provide different types of patient care in TASH. Methicillin resistant S.
aureus: These are S. aureus isolates resistant to cefoxitin and positive for mecA.
Administrative staff: these are other than HCWs like secretary, drivers, garage
workers, cleaners and laundry workers, finance and personnel officers, library staff
who have no direct contacts with patients and working in TASH and CHS. AST,
Antimicrobial Susceptibility Testing; ATCC, American Type Culture Collection;
CHS: College of Health Sciences, CLSI, Clinical and Laboratory Standard Institute;
MRSA: methicillin resistant S. aureus; Multiple Drug Resistance; QC, Quality
Control; TASH: Tikur Anbessa Specialised Hospital.

Results

Socio-Demographic Characteristics of HCWs and Administrative: Staff Overall,
1056 HCWs and administrative staff were recruited for the study; 588 were HCWSs
and 468 administration staff. Of the HCWs, 58.4% identified as female and the mean
age was 29 years (SD + 6.7 years, range of 20-57 years). Overall, 75% of HCWs in
TASH were within the age group of 20-26 years, 40.3% (237/586) of HCWs were
married; most were nurses (49.1%, 289/588) followed by medical doctors (28.4%,
167/588). In terms of educational level, 63% (369/586) of HCWs had Bachelor of
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Science degrees, and 60.5% (355/587) had 1-4 years of work experience in TASH

(Table 1).

Tablel. Socio-demographic characteristics and departments of participants in

TASH, 2019
Variables Frequency (%) Variables Frequency (%)
Healthcare workers Administrative staff
Gender identity (n= Gender identity ( n = 468)
580)
241 (41.6) Male 168 (35.9)
Male
339 (58.4) Female 300 (64.1)
Female
Age group (n =574) Age group (n = 468)

20-26 Years 441 (76.8) 17-25 Years 127 (27.13)
27- 33 Years 85 (14.8) 26-35 Years 140 (29.91)
34- 40 Years 21 (3.7) 36-45 Years 120 (25.64)

>=41 Years 27 (4.7) 46-55 years 59 (12.6)
>= 56 years 22 (4.7)

Marital status (n = 586) Marital status (n = 468)

344 (58.7) Single 177 (37.82)
Single

237 (40.4) 288 (61.54)
Married Married

5(0.9) 3(0.64)
Divorced Divorced

Professional Category Current working area (n

(n =588) = 468)

167 (28.4) CHS offices 271(57.90 %)
Medical
doctors

289 (49.1) Sefere-Selam campus 65 (13.88 %)
Nurses

36 (6.1) TASH offices 19 (4.05 %)
Medical
Laboratory
Personnel

29 (4.9) TASH wards 113 (24.15 %)
Pharmacy
personnel

67 (11.4) Educational level (n =
Others 468)
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Educational 64 (13.67)
level (n = 586) Diploma
6 (1.0) Degree 52 (11.11)
Diploma
369 (63.0) MSc 7(1.49)
Degree
Medical Doctor 56 (9.6) 36 (7.69)
Certificate
MSc 39 (6.7) Secondary level education 142 (30.34)
112 (19.1) Primary level education 155 (133.11)
Specialty
certificate
4 (0.7) Read and write 12 (2.56)
Others
Work experience (n = Work Experience
587)
1-2 Years 197 (33.6) 1-2 years 179 (38.24%)
3-4 Years 158 (26.9) 3-4 years 63 (13.46 %)
5-7 Years 111 (18.9) 5-7 years 49 (10.47 %)
8-10 Years 45 (7.7) 8-10 years 25 (5.34 %)
More than 10 Years 76 (12.9) More than 10 years 152 (32.47 %)

NB: n is different for variables since there were missing values from the participants’ responses

Of the administrative staff, 64.1% identified as female and only 4.7% (22/468) were
56 years old or above. More than 65% of participants had secondary-level education
or below. Nearly 25% and 5% of them had a history of hospital admission or surgical
intervention, respectively. More than 37% of the administrative staff had served for at
least 8 years, and more than 57% of these were in CHS administrative offices. Based
on our findings, 16.4% (96/585) and 15.38% (90/585) of HCWs were working in the
out-patient or emergency department and Gynaecology and Obstetrics department of
TASH, respectively (Figure 1).
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Figurel. Distribution of HCWs in the various Departments of TASH, 2019, the bar indicate
the proportion of HCWs in each department as showed in the y-axis and x —axis is the proportion (%).

Importantly, 86.1% (504/586) and 84.6% (496/190/586) of HCWSs at TASH said that
there was no MRSA-related guideline or leaflets, and insufficient hand hygiene
materials in TASH, respectively, while 88% (515/585) had not had training on MRSA
prevention and control. Among the HCWs in TASH, 82.5% (484/587) had no history
of hospital admission in the 3 years prior to data collection, and only 11.5% (67/585)
had surgical intervention in the hospital in the same period. Of the 468 administrative
staff, 25% (117/468) were cleaners and laundry workers (Figure 2). Only 24.6%
(115/468) and 5.1% (24/468) had a hospital admission or surgical intervention in the 3
years prior to data collection.
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Figure 2. Distribution of administrative staff of TASH/CHS, AAU, by working department. The
bar indicates the proportion of each group of administrative staff in each department as showed
in the y-axis and x axis shows proportion (%). (HRM: Human Resource Management).

The lIsolation Rate of S. aureus, and Antimicrobial Susceptibility Testing
Patterns

The proportion of S. aureus isolates from nasal swabs of HCWs and administrative
staff was 16.3% (96/588) and 9.1% (42/468), respectively. All 138 S. aureus isolates
underwent AST (Table 2). Among S. aureus isolates, 21.7% were susceptible to
penicillin and all isolates were susceptible to rifampicin. Twenty-nine isolates were
MRSA as characterised by resistance to cefoxitin (oxacillin) and contained mecA. In
this study, both MSSA and all MRSA isolates were tested for vancomycin and all of
them were sensitive using the molecular method. MRSA strains had higher resistance
rate to most drugs tested than MSSA isolates (p-value <0.05).
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Table 2. Antimicrobial susceptibility patterns of S.aureus isolates from nasal swabs of

HCWs and administrative staff of TASH, CHS, AAU, Ethiopia.

Antibiotics AST HCWs n Admin staffn | Total n P value
tested status (%) (%) (%0)
Penicillin 10 U S 17 (17.7) 13 (31.0) 30 (21.7) | 0.067
R 79 (82.3) 29 (69.0) 108 (78.3)
Cefoxitin 30ug S 67 (69.7) 41 (97.6) 108 (78.3) | 0.001
R 28 (30.3) 1(2.4) 29 (21.0)
I 1(1.0) 0 (0) 1(0.7)
Erythromycin S 79 (82.3) 34 (80.9) 113(81.9) | 0.513
(15pg) R 17 (17.7) 8 (19.1) 25(18.1)
Clindamycin S 80 (83.3) |41(97.6) 121 (87.7) | 0.013
2ug) R 16 (16.7) 1(2.4) 17 (12.3)
Tetracycline S 50(52.0) 38 (90.5) 88 (63.8) |<0.001
(30pg) R 46 (48.0) 4 (9.5) 50(36.2)
Trimethoprim- S 62 (64.6) 32 (76.2) 94(68.1) |0.125
Sulfamethoxazole R 34 (35.4) 10 (23.8) 44 (31.9)
(1.25/23.75pg)
Rifampin (5pg) S 96 (100) 42 (100) 138(100) | NA
R 0 (0) 0 (0) 0 (0)

NA ; not applicable

Multidrug-Resistant Pattern of S. aureus Isolates One hundred and twenty-one
(87.6%) of S. aureus isolates were resistant to at least one antibiotic, 41 isolates were
resistant to two different classes of antibiotics, and one isolate was resistant to six
antibiotics (Figure 3).
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Figure 3. Multiple antibiotic resistance pattern of S aureus isolates at TASH, CHS, AAU, 2019

Key: RO: No resistant, R1: Resistant to 1 drug, R2: Resistant for 2 drugs, R3: Resistant for 3
drugs, R4: Resistant to 4 drugs, R5: resistant to 5 drugs, R6: resistant to 6 drugs.

MRSA Burden Among HCWs and Administrative Staff

The burden of MRSA nasal colonisation among HCWs was 4.8% (95% CI: 3.1-6.5%,
28/580) and was comparable among those identifying as male and female (4.9% and
4.7%, respectively, p-value 0.517). Figure 4 shows the amplified mecA.
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Figure 4.Gel band result of mec4. MM is for molecular markers of 100 bp; the letters from D7
to I'10 are PCR products of S, awreus isolates; MRSA is a positive control and NC is a negative

control.
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The burden of MRSA was higher in HCWs within the age group of 20-26 years (Table 3).
Nurses had the highest MRSA rate in TASH (22/28 from the total positive). Most of the
HCWs had 1-2 years of work experience and nasal MRSA colonisation was found in 6.59%
(13/197). MRSA colonisation of HCWs did not differ according to - whether HCWs had had
MRSA-related training or not; availability of guidelines; source of information; history of
hospital admission; surgical intervention; availability of sufficient hand hygiene materials; or
department in which they were working (P-value >0.05; data not shown). On the other hand,
among 468 administrative staff, only one individual had MRSA carriage in the nasal cavity,
with a magnitude of 0.2% (95% CI: 0.18-0.6%, 1/468). The MRSA-positive administrative
staff member was a 26-year-old female cleaner with work experience of 4 years, but no
history of hospital admission or surgical intervention for the last three years during data

collection time

Table 3 Nasal Colonisation of HCWs with MRSA working at TASH, CHS, AAU, 2019.

Variables MRSA + ve No. (%) MRSA -ve No. ( %) Significance
Gender-identity ( n=580)
Male 12 (4.97 %) 229 (95.03 %) 0.05
Female 16 (4.72 %) 323 (95.30 %)
Age Group
20-26 years 26 (5.89 %) 415 (94.11 %)
27-33 years 0 (0 %) 85 (100 %) <0.03
34-40 years 1(4.76 %) 20 (95. 24 %)
>/= 41 years 1 (3.70 %) 26 (96.30 %)
Marital status
Single 19 (5.52%) 325 (94.48%) >0.05
Married 9 (3.79 %) 228 (96.21%)
Divorced 0 (0%) 5 (100 %)
Professional category
Medical doctor 4 (2.39 %) 163 (97.61 %)
Nurses 22 (7.61 %) 267(92.39 %) <0.023
Medical 0(0%) 36 (100 %)
Laboratory personnel
Pharmacy personnel 1 (3.44%) 28 (96.55%)
Others 1 (1.49%) 66 (98.51%)
Educational level
Diploma 0 (0 %) 6 (100 %)
Degree 23 (6.23 %) 346 (93.77 %)
Medical doctor 1(1.78 %) 55 (98.22 %) >0.05
MSc 1 (2.56 %) 38 (97.44 %)
Speciality certificate 3 (2.67 %) 109 (97.33%)
Others (PhD,PGD) 0 (0 %) 4 (100 %)
Work experience (years)
1-2 13 (6.59 %) 184 (93.41 %)
34 6 (3.79 %) 152 (96.21 %) >0.05
5-7 6 (5.40 %) 105 (94.60 %)
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8-10 2 (4.44 %) 43 (95.56%)

More than 10 years 1(1.31 %) 75 (98. 69 %)

MRSA —ve means those who had growth of MSSA or had no growth of MSSA or MRSA at all

Discussion

MRSA-colonised patients and HCWSs could increase the risk of transmission and
contamination of the hospital environment. Screening of patients and HCWs has been
implemented in some hospital settings."” HCWs are on the boundary between the
community and hospital, and hence they may be at increased risk of MRSA
colonisation or infection.'® In the current study, higher rate of S. aureus carriage was
seen among HCWs than administrative staff (16.3% and 9.0% respectively) which is
slightly lower than two previous studies done in Mekele and Adigrat/\WWukro hospitals
of Ethiopia (28.8% and 20.3% respectively).***® Higher rate of S. aureus carriage was
also reported from Uganda (48%) and Gaza (25.5%).2%* The discrepancies seen could
be explained as there is difference in sample size, laboratory methods and difference
in study sites. The 78.2% penicillin resistance in this study was comparable with the
71% resistance reported in the Netherlands?® but lower than two former studies done
in Dessie and Adigrat, Ethiopia (100% resistant)'**® and 90.6% to 100% in Southern
Brazil and Gaza.** The rate of multidrug-resistance was similar to reports from
Dessie and Jimma, Ethiopia.>% The rate of resistance to cefoxitin (oxacillin) in this
work (21%) was higher than two previous studies in Ethiopia namely Adigrat/Wukro
hospital (5.8%) and Dessie Hospitals (12.7%).**%® This might be due to the higher
number and diversity of the sources of our isolates and the use of oxacillin as a
surrogate marker in the aforementioned studies. Erythromycin resistance in this study
(18.1%) is lower than 29-100% resistance rates reported from India, Nigeria and
Libya.?® % These differences in availability and antibiotics use in the study sites could
contribute the inconsistency in the resistance rate. Resistance rate of 12.3% (17
isolates) to clindamycin in this study was lower than an earlier study in North Ethiopia
(17.2%).%° Clindamycin resistance was higher for strains isolated from HCWs than
administrative staff isolates, indicating that exposure to resistant strains is more likely
in the hospital setting than in the community. Higher resistance was also reported from
studies from Libya and India (15-69%).26,28 Resistance to tetracycline (36.2%) and
trimethoprim-sulfamethoxazole (68.9%) in our study was comparable with the
findings from North Ethiopia (55.2% and 51.7% respectively).'® However, a higher
resistance rate to tetracycline (86.1%) was reported from Mekele, North Ethiopia.'®
Probably our isolates mainly from administrative staff could comprise susceptible
strains and contribute to low levels of resistance to this drug. One of the encouraging
results in our study is that, all isolates were sensitive to rifampicin and vancomycin,
which is in line with studies in Nepal®® and Southern Brazil ** suggesting these two
drugs are still useful and effective for managing S. aureus and MRSA-related
infections. Although the source population was different, a recent study in North
Ethiopia also indicated the absence of resistance to these drugs.*

Resistance to rifampin was reported among 50% of MRSA and 6% of MSSA in one of
the Indian studies.?® Since rifampicin is not routinely used for the treatment of S.
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aureus infection in Ethiopia, this might favour the absence or selection of resistant
strains. However, 5.6% rate of resistance to vancomycin was reported in a former
study in Mekele, Ethiopia,** rate of 1.3% and 6% in Nigerian studies,?*! and 12% in
Libya?® were also seen. We have used PCR for the detection of vanA and vanB unlike
the other studies in Ethiopia, Nigeria and Libya that used only the disc diffusion test
and may contribute the existence of vancomycin resistance. Generally, we found
higher rate of drug resistance for MRSA than MSSA isolates and among HCWs than
administrative staff (p-value <0.05).

The 4.8% (28/580) MRSA rate in our HCWs is in line with the figure of 4.6% from a
meta-analysis of 127 studies around the world,*® rate of 1.8-4.4% from a systematic
review in Europe and the USA,34 and of 4.6% from a metaanalysis in nine German
acute care hospitals® in a non-outbreak setting. However, our MRSA burden is lower
than previous studies done in Ethiopia with a rate of 5.8% to 14.1%,'%1320%3% ang
elsewhere with MRSA rates of 11.7% to 52.59%.%%%*" The higher rate might be,
other studies used resistant testing based on disc diffusion alone and so overestimate
the MRSA rate, whereas we used cefoxitin disc diffusion and mecA methods together.
Moreover, our sample size was reasonably large and includes diverse cadres of
HCWs. Lower MRSA burdens than ours have been reported elsewhere, with MRSA
rates of 0% to 2.3% in Kenya, Germany, Australia, and Nigeria.?"*“° Better infection
prevention practices in Europe and the involvement of HCWs who had very low or
limited contact with patients in Kenyan and Nigerian studies might have favored for
the lower MRSA colonization rates. Almost all Ethiopian studies reported higher rates
of MRSA carriage than ours, as they used coagulase tests alone for identification
purposes, rather than coagulase and DNAse tests. These findings need further
investigation as we have seen discrepancies in S. aureus identification that could
potentially result in inflated rates of MRSA.*! This is expected in low income settings
where the microbiology laboratory infrastructure and personnel are not well supported.
We feel that there might be over-reporting of MRSA in most of the previous studies
done in Ethiopia and other similar settings around the globe. Earlier work from
Ethiopia and elsewhere®!21321.222627.3337 jndjcated that MRSA rates might be higher
among nursing staff, in agreement with this study. This may be the consequence of
more frequent contact with patients and hence exposed them for MRSA. In the current
study, the majority of MRSA carriage (92.8%; 26/28) was seen among nurses and
HCWs in the age group of 20-26 years, which is similar to other studies.?**! This age
group is active and may have more interaction with patients and colleagues,
potentially exposing them to more MRSA colonization. As HCWs become more
senior, they may have less contact with patients. Other variables like educational,
marital status, work experience, history of hospital admission and surgical procedure
were not statistically associated with MRSA burden in line with previous studies in
Ethiopia.’*** All in all, this study generates robust evidence on the burden of MRSA
using phenotypic and genotypic methods which are very rarely done in Ethiopia and
other sub-Saharan Africa. Our work also corroborates that, HCWSs had higher rates of
MRSA. As a limitation, we did not analyse a second swab after an interval of time to
understand the persistence of MRSA carriage. Second, SCCmec typing was not done
which could predict the source of MRSA. Finally, we did not perform co-colonisation
of MRSA and MSSA among our study participants which might be addressed in
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future works. Conclusion MRSA carriage was much higher among HCWs of TASH
than administrative staff. Importantly, vancomycin and rifampicin are still the most
effective antibiotics. Updating the real burden of MRSA carriage using phenotypic
and genotypic methods is essential to inform preventive measures and track changes
for intervention in TASH and other similar settings. Moreover, TASH being as a
tertiary level specialised teaching hospital should have emerging technologies
including molecular identification methods, drug resistance testing and strategic
screening of HCWs for MRSA. Although we have generated evidence on the burden
of MRSA carriage at TASH, it is difficult to recommend decolonisation of HCWSs
without acquiring additional evidences. Data Sharing Statement We have presented
the most important data with this report. However, upon reasonable request, additional
data could be available from the corresponding author.
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Abstract
Introduction: Methicillin-Resistant Staphylococcus aureus (MRSA) is a global public health problem.
Personal protective equipment (PPEs), including gowns and uniforms prevents transmission of
pathogens including MRSA. Data are limited on the contamination of gowns and uniforms by MRSA in
Ethiopia and many other developing nations using molecular markers.
Objective: To determine the rate of MRSA contamination of gowns and uniforms of health care
workers (HCWs) at Tikur Anbessa Specialized Hospital (TASH), in Ethiopia.
Methods: A cross-sectional study design was used, and pooled swab samples from 588 HCW’s
reusable gowns/uniforms were tested for the presence of S.aureus MRSA and drug-resistant testing
using conventional methods and polymerase chain reaction (PCR) based mecA and Panton-Valentine
leukocidin (PVL) detection. Socio-demographic data and information on the use of gowns and uniforms
were collected using a questionnaire and analysed by SPSS version 20 software. A p value less than
0.05 was considered statistically significant.
Results: Female HCWs are slightly higher in number than males (58.4 % and 41.6 %, respectively).
The mean age and standard deviation of HCWSs were 29.13 + 6.6 years. In TASH, 15 % (88/588) and
57.5 % (338/588) of HCWs had single and long sleeve gowns and uniforms, respectively. Forty-seven
S.aureus were isolated making MRSA contamination rate of 2.9 % (17/588) (mecA positive and

cefoxitin resistant) and a significant difference was seen among HCWs with history of surgical
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intervention. Ten of 17 MRSA contaminations were seen among HCWs who changed their gown once

in a week and 2/3 of S.aureus carried PVL.

Conclusion: Gowns and uniforms of HCWSs in TASH harbored MRSA as confirmed by mecA and

PVL, which has implications for infection control and prevention. TASH should provide an adequate

number of gowns and urgently develop a policy covering gown use to curb MRSA transmission.

[Ethiop. J. Health Dev. 2023; 37(1) 000-000]

Keywords: Health care workers' gowns/uniforms; Tikur Anbessa Specialized Hospital, Methicillin -

Resistant Staphylococcus aureus . Corresponding author, kassudesta2020@gmail.com/kassu.desta@aau.edu.et,

Tel:+251911107099

Introduction

Personal protective equipment (PPE) is an
items including single-use gowns or aprons,
face protection (masks or respirators) and
eye protection that are used by HCWs to use
PPEs to create a barrier between the body
part and the microbes which prevents the
acquisition of pathogens by the wearer and
onward  transmission  to  susceptible
individuals. Moreover, the inadequacy of
gowns and uniforms used by HCWs could
affect the overall infection prevention
practice in the hospital (1).

Transmission of pathogenic microorganisms
in healthcare settings occurs through direct
and indirect means during the interaction of
HCWs and patients. Other means of
transmission include contact with hospital
environments and HCW's clothing (uniform)
or other PPEs (2-5).

HCW’s hands and their uniforms could
carry multi-drug resistant bacteria such as
MRSA, Vancomycin-resistant Enterococcus
(VRE), and extended spectrum Plactamase
(ESBL) producing Gram negative bacteria

within and outside healthcare settings (6-7).

HCW’s gowns and uniforms potentially acts
as fomites in that they may harbor
pathogenic microorganisms and efforts are

required to reduce the burden of infections
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associated with HCW’s gowns and uniforms

in hospitals and long-term settings (8-10).

Evidence from Maryland and Michigan
nursing homes shows that MRSA
contaminated HCWs gowns (14 %) and
gloves (24%) that have been linked to the
transmission of the pathogens to patients
(11). Similarly, other evidence from a
medical intensive care unit at the University
of Maryland Medical Center showed, 17 %
(24/137) of HCWs caring for patients with
MRSA and/or VRE acquired MRSA and
VRE from their gloves, gowns, or both (12).
It is also noted that S. aureus produces the
versatile virulence factor, Panton-Valentine
leukocidin (PVL), a cytotoxin that forms
pores in the membrane and has been
associated with several skin infections and is
linked with disease severity (13-14).

In Ethiopia and many other developing
nations, there is a lack of understanding or
negligence that PPE could be contaminated
with microbes that could be transmitted to
HCWs and susceptible patients. Importantly,
such data is lacking in low and middle-
income countries and it is time to raise
awareness of HCWs and hospital
administrators in order to design appropriate
intervention measures. To the best of our
knowledge, we did not find literature that

describes HCW’s gown and uniform
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contamination by MRSA in particular with
molecular based evidence such as mecA and
the presence of PVL genes containing S.

aureus in Ethiopia.

To fill this gap, we determined the
proportion of MRSA contamination of
HCW’s gowns and uniforms along with
gown utilization in the biggest University
Hospital, in Addis Ababa, Ethiopia using
conventional and mecA PCR based testing.
Moreover, we have screened the S.aureus

isolates for their PVL status.

Methods and Materials

Study hospital, design, and duration

A prospective cross-sectional study design
was conducted at TASH, the biggest
teaching and referral hospital in Addis
Ababa, Ethiopia from June 2018 to August
2019. TASH provides referral services in all
disciplines of medicine. During data
collection time the hospital and College of
Health Sciences (CHS) had 1245 HCWs.
Gowns and uniforms are routinely used in
clothes in the hospital during clinical
practice. However, uniforms are mainly
used in operation rooms and intensive care

units.

Study participants and outcome variables
All HCWs working at TASH for at least 6
months before the data collection period
were approached to join the study. The
contamination rate of HCWSs gowns and
uniforms by MRSA was the outcome of
interest and sociodemographic, other work-
related data and gown utilization by HCWSs

were the independent variables.
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Sample size and selection of HCW’s
gowns for microbiological analysis

We have used a single population proportion
formula to estimate the number of HCWs
and their gowns required to address the
objective. Since this study was part of the
MRSA nasal colonization study of HCWs
and administrative staff of TASH/ CHS, we
used a 12.7% MRSA nasal colonization rate
from a previous study in Dessie, Ethiopia
(15) with a 95% confidence interval, 5%
margin of error, and 10 % contingency level,
resulting in a sample size of 520. However,
to increase precision, we included 588
HCWs and their gowns to include different
types of HCWs of TASH. The number of
HCWs per cadre was apportioned based on
their proportion and convenience of

selection.

Sociodemographic data

Data related to socio-demography, past
medical history of HCWs, MRSA related
training and guidelines in TASH and
information on the number, type, and gown
utilization and availability of adequate hand
hygiene materials were collected using a

pretested, self-administered questionnaire.

Specimen collection and processing

Pooled swab samples from all pockets and
both hand sleeves of gowns and uniforms
were collected from each HCW during their
actual clinical practice using a single cotton-
tipped sterile moistened swab (Amie’s,
Oxoid, England), which was placed in
Amie’s transport media and transported to

the laboratory for analysis.

Swab samples were cultured on mannitol
salt agar and CHROMagar MRSA (Oxaoid,
England) and incubated overnight at 35-

36°C for primary isolation of S. aureus
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followed by biochemical tests using
catalase, coagulase, mannitol fermentation,
or DNA testing to identify the isolate is S.

aureus.

Antimicrobial susceptibility testing and
PCR for mecA and PVL

Antimicrobial  susceptibility and mecA
testing were done following standard
procedures as described well in our previous
work on MRSA nasal colonization of HCWs
and administrative staff of TASH(16). We
followed the disc diffusion method using
Muller Hinton agar (MHA) (UK) based on
clinical laboratory standard institute (CLSI)
2018 guidelines, and we used antibiotic
discs of rifampicin (5 pg), clindamycin (2
ug), trimethoprim-sulfamethoxazole
(1.25/23.75png), erythromycin (15 pg),
tetracycline (30 pg), penicillin (10 Units).
Methicillin  resistance  was  detected
phenotypically using a cefoxitin (30 pg)
disc. The MHA plates were incubated at
36 °C for 16-18 hours, and the zone of
inhibition around the disc was measured to
the nearest millimeter by a graduated
calliper. The isolates were classified as
sensitive, intermediate, and  resistant

according to CLSI guidelines.

DNA extraction and PCR for mecA
amplification and detection were made
following a standard protocol as described
well in our previous work (16). We used the
forward and reverse mecA primers of
AAAATCGATGGTAAAGGTTGGC and
AGTTCTGGAGTACCGGATTTGC,

respectively. While for PVL detection we

used primers Luk PV-1,
ATCATTAGGTAAAATGTCTGCACATG
ATCCA and Luk PV-2,

GCATCAACTGTATTGGATGCCAAAGC
which amplify a 433 base pair fragment
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specific for lukS/F —PV genes, encoding the
PVL S/F component proteins (Invitrogen,
Thermo Fisher scientific, Great Britain)
following previous work with slight
modification (17). We prepared a master
mix of 22.5 pl that is mixed,, with 0.5 pl of
each forward and reverse PVL primer and
1.5 pl of DNA product that was mixed and
amplification was done by initial
denaturation at 94 °C for 4 min; 35 cycles of
amplification (denaturation at 94 °C for
45s, annealing at 57 °C for 45s, and
extension at 72 °C for 30s); and a final
extension at 72 °C for 2 min. To visualize
the PCR product, 5 pl of the PCR amplicon
was loaded with loading dye in 1.2%
agarose gel containing SYBERSAFE green,
followed by electrophoresis at 100 V for 1 h
and the gel was visualized under a gel image
instrument, LICOR Odyssey Fc Imager, and

the image saved into the computer.

Quality control measures

We applied pre-analytical, analytical, and
post-analytical  quality  control  (QC)
procedures for isolation, identification,
antimicrobial susceptibility testing (AST),
and molecular testing. S. aureus (ATCC
25923), MRSA 252 Newman strains, and E.
faecium 1024 were used as QC strains. We
used known Gram-positive and negative
bacteria to measure the QC of our staining,
biochemical reagents, and molecular tests
(mecA and PVL testing).
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Data analysis

Data analysis and cleaning were done using
SPSS version 20.0 software. The proportion
was used to estimate MRSA contamination
along with sociodemographic data. The
difference in the proportion of gowns
contaminated by the level of the independent
variable was statistically tested by chi-
square or Fisher’s exact test. A p-value of
<0.05 was considered  statistically

significant.

Operational definition

Gowns and uniform: For this research work
it was defined as reusable clothing worn by
HCWs for their daily clinical activities of
any type in the outpatient units, wards,
operation rooms, intensive care units,
laboratories, pharmacies, and imaging rooms

of the hospital.

Health care workers: These are qualified
health care professionals, including nurses,
doctors, laboratory personnel, pharmacy
personnel, radiographers and radiologists,
physiotherapists, anesthetists, interns, and
residents who provide several types of

patient care in TASH. In this particular

study, all HCWs had direct patient contact
during investigation, care and specimen
collection, or during other diagnostic and

therapeutic work.

Methicillin resistant S. aureus (MRSA):
Defined in the context of this study, as S
.aureus isolates that was resistant to

cefoxitin and positive for mecA by PCR.

Results

Characteristics of Health Care Workers
(HCWs)

A total of 588 HCWSs were included, and
58.4 % of them were female. The mean age
and SD of HCWs was 29.13 * 6.6 years.
Seventy-five percent of HCWs in TASH
were within the age group of 20-26 years.
Forty percent (237/586) of HCWs were
married, and nurses were the dominant
HCWs accounting for 49.1% (289/588).
Concerning education, 63% (369/586) of
HCWs had a Bachelor of Science degree,
and 60.5% (355/ 587) had 1-4 years of work
experience in TASH (Table 1). Of 586
HCWs, 58.7%, 40.4%, and 0.9 % were

married, single, and divorced, respectively.

Table 1. Socio-demographic characteristics and working departments of HCWs in TASH, 2019

Variables Frequency Variables Frequency (%)
(%)
Gender ( n=580) Educational
level (n=586)
Male 241(41.6) Diploma
6 (1.0)
Female 339(58.4) Degree 369(63.0)
Age group (n=574)
Medical Doctor 56(9.6)
20-26 Years 441(76.8) MSc 39(6.7)
27- 33 Years 85(14.8)
Specialty 112(19.1)
certificate
34- 40 Years 21(3.7) Others 4(0.7)
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>=41 Years 27(4.7)
Professional
Category (n=588)

Medical doctors/ 167(28.4)
specialist/residents

Nurses 289(49.1)

MedicalLaboratory Personnel 36 (6.1)

Pharmacy personnel 29 (4.9)

Others 67 (11.4)

Work

experience (n =

587)
1-2 Years 197(33.6)
3-4 Years 158(26.9)
5-7 Years 111(18.9)

8-10 Years 45(7.7)
More than 10 Years 76(12.9)

NB: n is different for some variables as there were missing values from the participants' responses

Others include: Anesthetist, physiotherapists, and radiographers

Among HCWs in TASH, 15 % (88/588) and
2% (12 / 588) of them had only single and
six or more reusable gowns and uniforms,
respectively. The majority of HCWSs, 57.5 %
(338/588) had long sleeve reusable gowns
(Table 2). Out of 586 HCWs, only 1.9 % of
them changed their gowns or uniforms on a
daily basis, while 24.4 %, 48.1 %, 16.9 %,

and 8.7 % of the HCWSs changed their
gowns and uniforms every other day,
weekly, every other week, and as required,
respectively. From the participating HCWs,
16.9 % (99/587) had a history of hospital
admission, 11.5 % (67/585) had history of
surgical intervention, and only 11.9 % (70
/585) had MRSA related training.

Table 2. Availability of gowns and MRSA-related training among HCWs in TASH, 2019.

Variables Frequency (%0)

Variables

Frequency (%)

Number of

reusable

Gowns (n=

588)

Single gown  88(15.0)

Two gowns  231(39.3)

Three gowns  176(29.9)

Four gowns  58(9.9)

Five gowns  23(3.9)
Six or 12(2.0)

MRSA training (n=585)

Trained 70(12.0)

Untrained 515(88.0)

Guidelines/leaflet on MRSA

(n =585)
Present 81(13.8)
Absent 433(74.0)
Do not know 71(12.1)
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more gowns
Type of Hand hygiene materials in
Gowns ( n= TASH ( n=586)
588)

Present 190(32.4)
Short 209(35.5)
sleeves

Absent 383 (65.4)
Long sleeves 338(57.5)

Do not know 13 (2.2)

Both types 41(7.0)

NB: n is different as there are missing responses from HCWs. Clinical practice: activities in operation

rooms, wards, examining patients, and other similar activities.

MRSA contamination level of HCWs contaminants of gowns and uniforms, and
gowns and Uniforms 2.9 % (17/588) , (95 % CI: 1.8-4.6%) were
Out of 588 HCWs gowns/uniforms tested, MRSA as identified as resistant to Cefoxitin
47 S. aureus isolates were identified as and positive for the mecA gene (Figure 1).

MM AK198 ~ OR22Tr Y71 N174N  Xray m139N(19) 295 NesG
: heyeht ) DRo2  vso M1z M180mpy 108 2D M3gm  N299G

MecA KASSU D BSMS ENGLAND, 19.07.19. RERUN, AK198...Z28 MRSA, NCTC 6571 FROM TOP TO BOTTOM RESPECTIVELY

Fommm—=
Y MRSA y NCTC6571
Y33 M0SG ~ M108G 197M  83B = lececeeae

DFI119 M137m L28m  c7chl m143m

Figure 1.PCR products of MecA genes from S aureus isolate. MM is for molecular markers of 100 base
pairs (bp),PCR products of S.aureus isolates, MRSA and National Collection of Type Culture (NCTC)

are positive and negative controls and others are S.aureus isolates
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All MRSA contamination of gowns and
uniforms was found among HCWs in the
age group of 20- 33 years, slightly higher in
number among females than male HCWs
(12 vs 5) though no significant difference
was seen between gender, age, marital
status, and level of education (P-value >
0.05) (Table 3). There is a significant

difference between MRSA contamination of
gowns and uniforms with a history of
surgical intervention (p-value = 0.007) but
not with the number, type, and frequency of
changing gowns and uniforms, the
availability of MRSA related training and
guidelines and hand hygiene materials (data

not shown).

Table 3. MRSA contamination level of HCWSs gowns/uniforms practicing at TASH, 2019.

MRSA P- value
Absent, n (%)

Variables MRSA
Present n.
(%)
Gender ( n=580)
Male 5 (2.1 %)
Female 12 (3.5 %)
Age Group ( n=
574)
20-26 years 15 (3.4 %)
27-33 years 2 (2.4 %)
34- 40 years 0 (0 %)
More than 40 years 0 (0 %)
Marital status (n=
586)
Single 8 (2.32%)
Married 9 (3.8%)
Divorced 0 (0%)
HCWs (n=588)
Nurse 4 (2.4 %)
Medical doctors 10 (3.5 %)
Lab. Personnel 0
Pharmacy personnel 0
Others 3 (4.5 %)
Educational level
(n=586)
Diploma 0 (0 %)
Degree 12 (3.3 %)
MD degree 2 (3.6 %)
MSc 0 (0 %)
Specialty certificate 2(1.78 %)
Others 0 (0 %)
HCWs (n=588)
Nurse 4 (2.4 %)
Medical doctors 10 (3.5 %)
Lab. Personnel 0

236 7.9 %) >0.05

327 (96.5 %)

426(96.6 %)
83(97.6 %) >0.05
21 (100 %)

27 (100 %)

336 (97.7%)

228 6.2%) >0.05

5 (100 %)

163 (97.6%)

279 (6.5%)
36 (100 %)
29 (100 %)
64 (93.5%)

>0.05

6 (100 %)

357 (96.7 %)

54 (96.4 %) >0.05
39 (100 %)

110 (98.2%)
4 (100 %)

163 (97.6%)
279 (96.5%) >0.05
36 (100 %)
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Pharmacy
personnel
Others

Educational level

(n=586)
Diploma
Degree
MD degree
MSc
Specialty

certificate

0 29 (100 %)
3 (4.5 %) 64 (93.5%)
0 (0 %) 6 (100 %)
12 (3.3 %) 357 (96.7 %)
2 (3.6 %) 54 (96.4 %)
0 (0 %) 39 (100 %)
2 (1.78 %) 110 (98.2%)

>0.05

NB: n is different as there are missing values in the responses from participants.

All S.aureus isolates were susceptible to rifampicin and 66 % of them were resistant to penicillin.

Seventeen S. aureus isolates were resistant to oxacillin as measured by Cefoxitin disc (Table 4).

Table 4. Antimicrobial Resistant patterns of S. aureus isolates from gowns and uniforms of
HCWs in TASH, Ethiopia (n=47)

Antibiotic tested Resistant Intermediate Susceptible n
n (%) n (%) (%)

Penicillin 10 Units 31 (66.0) - 16 (34.0)
Cefoxitin (30 pg) 17 (35.4) - 31 (64.6)
Erythromycin ( 15 4(8.3) 2(4.2) 42 (87.5)
Hg)
Clindamycin (2 ug) 2(4.2) - 46 (95.8)
Tetracycline (30 16 (33.3) - 32 (66.7)
Hg)
Trimethoprim - 13(27.1) - 35 (72.9)
Sulfamethoxazole
(1.25/23.75 pg)
Rifampicin (5ug) 0(0) - 47 (100)

Out of 47 S. aureus isolates from gowns and uniforms, 40.4 % of them (19/47) were positive for the
virulent PVL gene (Figure 2). Among these 58.8 % (10/19) were from MRSA isolates.
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Figure 2. Gel band image for PCR result of PVL gene. Letter MM is for molecular markers, C1 to E4 is

S.aureus isolates from mobile phones tested for PVL gene, MRSA (Newman 258) is a negative control

and NCTC is a positive control for PVL.

Discussion

In the hospital environment, HCW’s gowns
and uniforms could serve as reservoirs of
pathogenic ~ microorganisms,  including
MRSA and other multidrug- resistant
bacteria, and serve as a source of infection
for hospitalized patients, HCWs themselves,

and the community at large (2-5).

Keeping this in mind, we have isolated both
methicillin- sensitive and resistant S.aureus
with a rate of 5.1% (30/588) and 2.9 %
(17/588), respectively from the gowns and
uniforms of HCWs in the hospital. Our
finding are in line with a recent meta-

analysis report in Cyprus that included
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studies between 2000 to 2020 and the
overall MRSA presence in HCWs attire
ranged from 1.3 - 79 %. MRSA was found
in 1.3- 14 % of gowns, 4-79 % of white
coats, and 0-19.1 % of scrubs.
Contamination was, 3.5-19.1 % among
studies that considered long and short sleeve
uniforms, and 2.5-32 % among studies that
considered ties for HCWs (10). A higher
level (10.7 %; n=15/140) of MRSA
contamination was also reported in another
study in Cyprus from hospital and long-term
caregiver’s uniforms (7). The contamination
of HCWs gowns and uniforms in the current
study is underestimated as we took a pooled

swab sample of gowns and uniforms of
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HCWs only from the pockets and on the
sleeves. If we had included samples from
other attire and clothes, the rate would have

been higher.

All MRSA gown contamination was
observed among HCWs whose age is
between 20-33 years, implying this age
group of HCWs actively interacts with
patients and other colleagues with little
infection prevention practice. Similar work
from Brazil showed that MRSA was found
in 53.3 % (out of 300) of gown samples
taken from healthy university students (17).
In fact, the MRSA contamination rate is
higher than our findings as they used
oxacillin disc as a marker of MRSA which
may overstate their findings. Differences in
isolation and identification methods of
S.aureus in the two countries could also
contribute to the change in the rate of
MRSA contamination.

Nurses and doctors had more contact with
patients than other HCWs and in our
study,10 and 4 out of 17 cases of MRSA
gown and uniform contamination was seen
among nurses and medical doctors,
respectively, which is in concordance with a
report from a tertiary-care center in
Maryland, the United States, that described,
the transmission of MRSA through gloves
and gowns of HCWSs in 5.4 % of cases
among staff who cared for patients very
closely (18).

A similar observational study in nursing
homes in Maryland and Michigan revealed
that MRSA-contaminated HCW gowns
(14%) and gloves (24%) were linked to the
transmission of MRSA (11). Implying the
existence of MRSA on HCWs’ gowns and
uniforms in our hospital could be a potential

source of infection for the HCWSs
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themselves, patients, colleagues, and the
society at large and needs timely remedial

action.

More importantly, 16 of the 17 cases of
gown contamination were seen among
HCWs who possessed only 1-3 gowns and
changed their gowns on a weekly basis
which underscores, having sufficient gowns
/ uniforms and frequent changing could
minimize the level of contamination. This
finding is essential for the hospital
administrators and infection prevention
committee to review the availability,
adequacy and hygiene of gowns/uniforms
and develop a guideline on the use of gowns
and uniforms in TASH. It is known that the
hands of HCWs have frequent contacts with
patient and their gowns and uniforms, which
spread the pathogens. This is more
pronounced in situations where hand
hygiene adherence is minimal (2-3,19). The
majority of our HCWs stated that there were
inadequate hand hygiene materials in TASH,
which could contribute to poor hand hygiene
adherence and increased contamination.

There are controversies over the use of short
versus long sleeves gowns and the rate of
microbial contamination, as long sleeve
gowns may be easily contaminated during
clinical practice. We did not see a difference
in MRSA contamination of long sleeves (9
cases), and short ones (8 cases) which is in
line with a study from Denver, Colorado
Health Center (20).

The frequency of hand hygiene and its
compliance is linked with the reduction of
infection in the hospital (21-24) and HCWs
washed their gowns and uniforms at home
or hospital level in the case of Cyprus study
(7). A significant number of HCWs in
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TASH (n=88, 15%) had a single gown, this
is a concern from an infection prevention
and control point of view, and staff should
have an adequate number of gowns
/uniforms so that they can undertake hygiene
measures as much as possible .Interestingly,
during data collection time of this work,, we
observed instances where HCWs washed
their gowns and uniforms in the hospital or
took them home to wash. This calls for
hospital management to avail laundry
services at the hospital to minimize
transmission of MRSA / MSSA and other
pathogens to family members and the public
at large. If HCWs are taking their clothes
home; they opt to import or export these
pathogens to the hospital or family
members.

Although we did not measure hand hygiene
compliance in this study, previous studies in
other hospitals in Ethiopia and developing
countries showed, the compliance rate was
minimal (25-28). In the current study,
though not significantly, MRSA
contamination was higher among HCWs
who said there was inadequate hand hygiene
material. However, HCWs gowns and
uniforms being washed, ironed, and strictly
used only in the patient-specific area are
determinant factors for contamination and
transmission of MRSA and other pathogens
in the hospital (29-31).

In our most recent work, MRSA nasal
colonization was higher among nurses (16)
but not in this report (p-value > 0.05). Other
behavioral factors may play roles in the
occurrence of a high rate of MRSA in
HCWs gown in relation to working
departments. It also noted that the use of
gowns and gloves with improved hand

hygiene and minimal contact reduced
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MRSA acquisition in US intensive care units
(32). Importantly, the dynamic of MRSA
transmission between HCWs,  the
environment, and patients must be
investigated periodically to generate more
concrete evidence, like a similar study in the

UK by Price and colleagues (33).

Except for rifampicin, our S.aureus isolates
from gowns and uniforms were resistant to
penicillin, oxacillin (cefoxitin), and other
drugs. The trend is similar toprevious
studies done in northern Ethiopia among
different fomites (white coats, mobile
phones and Stethoscopes) (34) though they
used only phenotypic methods. Recent data
from federal Police Hospital HCWs also
showed the rate of MRSA contamination of
working clothes was comparable to the
current study (6/222) though we used only
phenotypic methods (35).

The existence of the PVL gene in 60 % of
S.aureus isolates in our study provides
additional data from the perspectives
developing countries perspectives that PVL
is a virulence factor for S.aureus and
potentially causes severe infection through
contaminated gowns and uniforms (36).
Though the source was not gowns or
uniforms, in UK neonatal units, colonization
of HCWs by PVL-producing methicillin-
sensitive S.aureus was linked to the reported
outbreak (37).

This study generates the first molecular
based report on the existence of MRSA and
S.aureus with PVL carriage from HCW’s
gowns and uniforms in  Ethiopia.
Nevertheless, it has some limitations. First,
we took only a single pooled swab from the
gowns and uniforms of HCWs at different

shifts, and we cannot comment on the peak
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time of contamination. Second, we did not
include all gowns and uniforms from each
HCWs and other types of attire which could
underestimate the contamination rate. Last
but not least, we were not able to talk about
the transmission of MRSA from patients to

HCW gowns or vice versa.

Conclusion

The presence of MRSA in HCWSs gowns
and uniforms in our hospital is a cause for
concern, as confirmed with molecular
evidence for the presence of mecA and PVL
hosting strains. Hence, hospital management
should provide adequate PPEs including
gowns, uniforms, and hand rubs or other
hand hygiene materials for all HCWs with
appropriate guidelines on the use of these
PPEs to prevent the acquisition and
transmission of MRSA and other pathogens.
Importantly, policies related to the use of
gowns, uniforms and hand hygiene materials
are urgently required at TASH and other

similar settings.
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ORIGINAL RESEARCH 1, Abstrcat Only.

Extended-Spectrum Beta-Lactamase-Producing Gram-Negative Bacteria on
Healthcare Workers’ Mobile Phones: Evidence from Tikur Anbessa Specialized
Hospital, Addis Ababa, Ethiopia

Shambel Araya * Kassu Desta ! Yimtubezinash Woldeamanuel 2

! Department of Medical Laboratory Sciences, College of Health Sciences, Addis
Ababa University, Addis Ababa, Ethiopia; 2 Department of Medical Microbiology,
Immunology and Parasitology, School of Medicine, College of Health Sciences, Addis
Ababa University, Addis Ababa, Ethiopia, Correspondence: Shambel Araya Tel:
+251939459529 Email shambelaraya8@gmail.com

Abstrcat

Background: Mobile phones are widely used in hospital settings for different purposes.
Mobile phones of healthcare workers (HCWs) could be colonized or harbor
extendedspectrum beta-lactamase (ESBL) producing gram-negative bacteria and may
act as source of infectious agents. The aim of this study was to determine the rate of
extended-spectrum beta-lactamase-producing Gram-negative bacteria on mobile phones
of healthcare workers, to assess their antimicrobial susceptibility patterns and associated
factors. Methods: A laboratory-based cross-sectional study was conducted involving a
total of 572 samples by rubbing swabs of the front screen, back, keypad, and metallic
surfaces of mobile phones of healthcare workers using simple random sampling
technique. All specimens were screened for ESBL using ESBL CHROME agar and
confirmed using double-disk diffusion test (DDDT). Antibiotic susceptibility testing
was done by the Kirby—Bauer disk diffusion technique on Mueller—Hinton agar. Data
were analyzed using SPSS version 25, odds ratio and p-value was calculated to
determine the association among variables.

Results: Overall, the number of mobile phones contaminated by gram-negative bacteria
was 454 out of 572 (79.4%). Female sex (OR 0.651, p-value=0.039) and service year
(OR 0.468, p-value=0.038) of healthcare workers were found to be the most significant
factors associated with healthcare professionals’ mobile phone and bacterial

contamination. Nine percent of the isolates were ESBL-producers. K. pneumoniae
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(27%) was the dominant ESBLproducing isolate followed by Acinetobacter spp.
(14.5%) and E.coli (14.5%). ESBL-producers were highly resistant to ampicillin
(95.8%), piperacillin (83.3%), cotrimoxazole (70.8%), and chloramphenicol (54.2%),
but highly sensitive to meropenem (87.5%), amikacin (85.4%), and piperacillin-
tazobactam (81.2%).

Conclusion: ESBL-producing Gram-negative bacteria were isolated from 8.3% of
HCWSs’ mobile phones. As high as 79.4% of the isolates were multidrug resistant.
Mobile phones can lead to bacterial cross-contamination and could be a source of
nosocomial infections.

Keywords: mobile phones, extended-spectrum B-lactamase, Gram-negative bacteria,
hospital-acquired infection, Addis Ababa, Ethiopia

Risk Management and Healthcare Policy 2021:14 283-291

Original Article 2. Abstrcat Only

Magnitude and drug resistance profile of Extended Spectrum p-Lactamase (ESBL)
producing gram-negative bacteria from different inanimate objects at Tikur
Anbessa Specialized Hospital, Addis Ababa, Ethiopia

Asegedech Asmamaw Jemberu'™® | Kassu Desta Tullu® ®, Yimtubeznash Woldeamanuel
Mulate?

Abstract

Background: Infections caused by gram-negative bacteria are causing morbidity and
mortality worldwide. The production of Extended-Spectrum B-Lactamases (ESBLS) is an
important mechanism that is responsible for resistance to the third-generation
cephalosporin.

Aim: The purpose of this study was to determine the magnitude and drug resistance
profile of ESBL producing gram-negative bacteria isolated from various inanimate
objects at Tikur Anbessa Specialized Hospital (TASH).

Methods: Laboratory based study was conducted on stored isolates from January to
March 2019. The samples were taken from different inanimate objects (Intensive care
unit (ICU) tables, ICU sinks, ICU IV stands, ICU beds, Incubators, ICU pediatrics
trolley, oxygen regulators, Operation room (OR) tables, OR beds, OR computers, OR
doors, lift buttons, x-ray chairs, and some other items) in Tikur Anbessa Specialized
Hospital(TASH) and 216 isolates were used for further analysis. Biochemical tests for
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identification and antimicrobial susceptibility test were done by disc diffusion method.
Screening of ESBLs was done using ESBL CHROME agar and confirmed with a
combined disk diffusion test. The data were analyzed using SPSS software version -20
and descriptive statistical tests including frequency and percentage were calculated.

Results: In this study out of 216 gram negative bacteria, 15.3% of them were found to be
ESBL producers based on the confirmatory test (combined disk method) from the various
inanimate objects of TASH. Klebsiella ozaenae, Klebsiella oxytoca, Klebsiella
pneumoniae, Klebsiella rhinoscleromatis, Citrobacter spp, Escherichia coli, Serriatia spp
and Acinetobacter spp were ESBL producing gram-negative bacteria and found to be
100% resistant to ceftazidime and ceftriaxone.

Conclusion: It is worrisome to detect ESBL producing gram-negative bacteria from the
inanimate objects of TASH, calling for systematic screening of inanimate objects for
ESBL and other multidrug-resistant bacteria in the hospital. Furthermore, strengthening
the infection prevention practice is vital to halt the transmission of these microorganisms.
[Ethiop. J. Health Dev. 2023; 37(1) 000-000]

Keywords: Extended spectrum [ -lactamase, Inanimate objects, Gram negative,
Ethiopia.
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