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ABSTRACT

Introduction: Staphylococcus aureus is one of the common colonizers of human and
several animal species with the capacity to cause serious diseases. It is one of the global
public health priority pathogens due to its ubiquitous nature, ability to cause life-threatening
diseases and continuous evolvement of drug resistance. The emergence and spread of
multidrug resistant strains, mainly MRSA, initially in the health care setting, later in the
community and recently in the veterinary side with a capacity of transmission to human is of
special concern. Several molecular techniques have been used successfully for reliable
identification, determination of specific virulence and drug resistance genes and to
understand spread and distribution of specific S. aureus strains. In Ethiopia, despite several
reports on phenotypic studies of S. aureus isolates from human and animals, data on

molecular characterizations is scarce.

Objectives: To isolate S. aureus from human skin and soft tissue infections, milk of dairy
cows and nares of dairy farm workers in Mekele, Northern Ethiopia; and then to determine
the antimicrobial resistance pattern, virulence genes profile and genotypic diversity and

relatedness of the isolates.

Methods: A cross sectional study was conducted during period of March 2016 to August
2017 G.C. A total of 811 non-duplicate specimens (355 wound/pus swabs from human
patients with skin and soft tissue infections [SSTIs] attending Ayder referral hospital, 71
nasal swabs from dairy farmers and 384 milk samples from dairy cows) were collected to
isolates S. aureus. Culture and identification of S. aureus was performed using standard
laboratory procedures. Antimicrobial susceptibility testing was performed following the
CLSI guideline. All phenotypic characterizations of S. aureus were done at the
Microbiology laboratory of Ayder Referral Hospital, Mekele, Ethiopia. All S. aureus
isolates were stored at —70°C and shipped to USA for Molecular characterizations at the
Infectious Diseases Molecular Epidemiology Laboratory (IDEML) of the Ohio State
University and the Public Health Research Institute of the State University of New Jersey,

USA. Molecular characterizations include confirmation of S. aureus by nuc detection,
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mecA/mecC detection, toxin genes profiling (pv/, nine se genes and tsst-1), spa typing and

SCCmec typing.

Results: From the 811 samples, 193 (23.8%) were positive for S. aureus using phenotypic
and molecular methods; where 123 (63.7%) were from human SSTIs, 22 (11.4%) from nares
of dairy farmers and 48 (24.9%) from milk of Dairy cows. Overall, high percentage of
resistance was observed for Penicillin (92.7%); however, no resistance was found for
Vancomycin, Daptomycin and Rifampin. Four (2.1%) of the 193 isolates were MRSA where
all were from human and were both cefoxitin resistant and mecA positive. Two of them
carried SCCmec type III and the other two SCCmec type IV. Moreover, 26% of S. aureus
isolates were multidrug resistant. Regarding toxin genes carriage, 66.8% of the total isolates
possessed at least one of the 11 targeted toxin genes. Of the 11 genes, pv/ was the most
frequently detected (carried by 36.8%) followed by seg and sei (29% each), seb (19.2%), sea
(16%) and sec (15%). Interestingly, pvl was found significantly higher (p<0.001) on isolates
from SSTI (53.7%) compared to nasal (13.6%) and cows’ milk (4.2%) isolates. In addition,
tsst-1 was found in human isolates only. The spa typing yielded 61 different types among
the 190 successfully typed isolates. Out of these, five were novel spa types, namely spa type
t17828, t17829, t17830, t17831 and t17832. The most dominant spa type among the SSTI
isolates was t355 (19%) followed by t306 (8.3%); whereas in milk spa type t042 (61.7%)
was the dominant one followed by t2856 (19.1%). The present study also noted that spa type
t042, t306, t085, t2856 and t5338 were detected from both human and dairy cows. Based on
the spa sequence information, 90.5% of the total S. aureus were assigned in to 12 probable
clonal complexes (CCs), namely CC1, CC5, CC8, CC15, CC22, CC25, CC80, CC81, CC88,
CC121, CC152 and CC239. The leading CC among the human clinical isolates was CC152
(20.7%) followed by CCI15 (19%) and CCS5 (16.5%). However, most of the S. aureus
isolates from dairy cows (83%) were CC80 followed by CC5 (6.4%).

Conclusion: In the present study, S. aureus was isolated from skin and soft tissue infections,
nares of farm workers and milk of dairy cows. Highest resistance was observed against
penicillin. No resistance was observed against Vancomycin, Daptomycin and Rifampin.

Multidrug resistance was observed in a quarter of the isolates. mecA positive S. aureus
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(MRSA) strains were of human origin. Majority of S. auresus isolates possessed at least 1
of the 11 toxin genes. The spa typing of S. aureus resulted in 61 different types and showed
diversity. Based on the spa sequence information, S. aureus isolates were assigned into 12
probable clonal complexes (CCs). Among these CCs, CC1, CC5, CC15 and CC80 were
shared between human and bovine isolates. Findings of the present study indicate that S.
aureus 1s a significant cause of skin and soft tissue infections in human and intramammary
infections in dairy cows. Hence, measures to reduce/prevent infection such as improving
infection prevention practices in the hospital, keeping hygiene of the dairy cows and
educating the community to practice the best possible personal hygiene are recommended.
Further study should be conducted in different regions of the country to have conclusive
data for policy makers, clinicians and researchers.

Key words: Staphylococcus aureus, MRSA, Antimicrobial resistance, toxin genes, spa
typing, clonal complex, Ethiopia



CHAPTER ONE: INTRODUCTION

1.1. General Introduction

Staphylococcus aureus (S. aureus) is a spherical gram positive coccus of about 1 pm in
diameter and usually occurs in irregular grapelike clusters in Gram stained smears. It is non-
motile, non-spore forming, facultative anaerobic, capable of producing catalase and
coagulase [Hennekinne et al., 2012]. It can grow at a temperature range of 15 to 45 °C and
as high as 15% NaCl concentrations. It is resistant to high osmolarity, detergents, and
alcohol [Missiakas and Schneewind, 2013]. It possesses a variety of virulence factors that
mediate adherence, lyse host cells, tissue destruction and spread, evade and manipulate
immune responses. The most common toxins produced by S. aureus include hemolysins,
leukotoxins (e.g. Panton-Valentine Leukocidin), exfoliative toxins, enterotoxins, and toxic

shock syndrome toxin (TSST) [Grumann et al., 2014; Otto, 2012] .

S. aureus 1s capable of colonizing and infecting human and several animal species including
livestock, wildlife, and companion animals [Paterson ef al., 2014]. In addition, it survives
well in dry conditions and can persist for long periods on environmental surfaces [Lin ef al.,
2016]. S. aureus colonizes approximately a third of world population, with the most
common carriage site being in the anterior nares [Otto et al., 2014]. On the other hand, S.
aureus 1s also a virulent pathogen capable of infecting almost every tissue of the body and
causing infections ranging from minor skin infections to life-threatening infections; such as
bacteremia, endocarditis, necrotizing pneumonia and toxic shock syndrome (TSS) [Lin and
Peterson, 2010]. Veterinary significances include bovine mastitis in dairy cattle, lameness in
poultry, and severe and lethal infections in farmed rabbits. Besides from an animal welfare
and economic perspective, infected animals can serve as a reservoir for humans infections

[Paterson et al., 2014].

Continuous evolution of antimicrobial resistance makes S. aureus as one of the major public
health threat pathogens worldwide [Ortega et al., 2010]. The emergence and spread of
methicillin-resistant S. aureus (MRSA) is of great significance [Ortega et al., 2010].



Initially, MRSA emerged and was restricted in the healthcare setting causing nosocomial
infections. Later in the 1990s, it was identified in the community causing infections in
relatively young and healthy individuals lacking contact with healthcare [Paterson et al.,
2014]. More recently, livestock acquired (LA) MRSA has spread extensively in livestock
animals and people having occupational contact with these animals [Verkade and
Kluytmans, 2014]. The adaptation and evolution of S. aureus is largely due to the
acquisition of mobile genetic elements (MGEs) that carry virulence and resistance genes
[McCarthy et al., 2012]. S. aureus has also developed resistance even to vancomycin, the
treatment of choice for MRSA, and to multiple other antibiotics, including macrolides,

aminoglycosides and fluoroquinolones [Marasa et al., 2014].

Several molecular techniques have been used successfully to describe the global population
structure of S. aureus; to study their subsequent worldwide dissemination and evolution; to
provide a framework for the description of the major lineages in different countries; and to
monitor their emergence, dispersal and decline in different settings [Price et al., 2013]. Not
unexpectedly, data regarding the molecular characteristics and epidemiology of S. aureus is

limited in the developing world, especially sub-Saharan Africa.

Previous studies in Ethiopia documented S. aureus as a major pathogen of community
acquired infections [Azene and Beyene, 2011; Mulu et al., 2006], hospital acquired
infections [Dessalegn ef al., 2014; Melaku ef al., 2012; Mulu ef al., 2012] and dairy farms
[Abdella, 1996; Abera et al., 2012; Getahun et al., 2008; Haftu et al., 2012]. However, there
is few available data regarding molecular epidemiology, molecular characteristics of drug
resistance genes and toxins, and distribution of S. aureus genotypes between human and
animals in Ethiopia [Seyoum et al., 2016; Tarekgne et al., 2016; Tigabu et al., 2015].
Ethiopia is a country where many of its population live in close contact with domestic
animals; the extent of transmission and potential ongoing outbreak is unknown. Treatment
is mainly given empirically due to lack of diagnostic capabilities and adequate laboratory
facilities. Empiric use of antibiotics can lead to inappropriate use of antibiotics, increase

drug resistance and more importantly, delay in treatment and care of human and animal.



Therefore, the present study was conducted to determine the prevalence, drug resistance
pattern, toxin characteristics and genotypic diversity of S. aureus in the hospital setting,
community and dairy farms in Ethiopia inorder to have better understanding, improve public

health and explore future research areas.

1.2. Literature Review

1.2.1. The Genus Staphylococcus

A. Historical perspectives

Using Koch’s staining methods (aniline-violet stain); Sir Alexander Ogston (1844-1929)
observed clusters of round organisms in pus taken from human abscesses in 1880. Then, he
named the grouped form of the micrococcus as ‘Staphylococcus’ (Greek, staphyle for bunch
of grapes and kokkos for berry) in 1882 [Ogston, 1882]. In 1884, the German surgeon Anton
J. Rosenbach (1842-1923) isolated two strains of Staphylococci and named them for the
pigmented appearance of their colonies as Staphylococcus aureus (Latin, aurum for gold)
and Staphylococcus albus (Latin, albus for white). S. albus was later renamed S. epidermidis

because of its ubiquity on human skin (www.antimicrobe.org).

B. General characteristics

The genus Staphylococcus consists of Gram positive, spherical cocci of about 1 pum in
diameter [Plata et al., 2009]. When observed under the microscope; they occur in pairs,
short chains or grape-like clusters [Hennekinne et al., 2012]. The characteristic grape-like
clustering of Staphylococci results from the incomplete separation of daughter cells
following division in three alternating perpendicular planes [Missiakas and Schneewind,
2013]. The Staphylococci are also non-motile, non-spore forming, facultative anaerobic,
catalase positive organisms. There are more than 50 species and subspecies of Staphylococci
which are ubiquitous in the air, dust, sewage, water, environmental surfaces, humans and
animals [Hennekinne ef al, 2012]. Based on their ability to produce coagulase,
Staphylococci are classified into coagulase positive and coagulase negative [Hennekinne et

al., 2012] (Table 1.1).



Table 1.1: The coagulase-positive Staphylococci (adapted from [Hennekinne et al.,
2012))

Species Main source

S. aureus ssp. aureus Humans, animals

S. aureus ssp. anaerobius Sheep

S. intermedius Dog, horse, mink, pigeon
S. pseudintermedius Dog, cat

S. delphini Dolphin

S. schleiferi ssp. coagulans Dog (external ear)

S. lutrae Otter

Among the coagulase-positive Staphylococci (CoPS), S. aureus is the most virulent species.
S. aureus usually forms medium sized “golden” colonies on enriched medium (due to the
carotenoids) and  hemolytic colonies on blood agar plates [Plata et al., 2009]. It can grow
at a temperature range of 15 to 45 °C and as high as 15% NaCl concentrations. It is resistant
to high osmolarity, detergents, as well as inadequate alcohol disinfection [Missiakas and

Schneewind, 2013].

1.2.2. The Genome of S. aureus

The first S. aureus whole genome sequence project, which was completed in 2001, revealed
that the chromosome of S. aureus is about 2.8 Mb with low G+C content (~33%) [Kuroda et
al., 2001]. Since then several whole genome sequence projects have been completed and

deposited in the GenBank (http://www.ncbi.nlm.nih.gov/genbank). Comparison of this huge

amount of data revealed that the genome structure of S. aureus has three principal
components: a backbone of core genes, core variable (CV) genes and Mobile genetic

elements (MGEs) [Stefani et al., 2012].

The backbone of genes accounts for about 75% of the S. aureus genome. They are highly
conserved shared by more than 95% of strains [Grumann et al., 2014]. The products of these
genes are involved in fundamental functions of the cell such as metabolism, growth and

replication [Price ef al., 2013]. The core variable (CV) genes, accounted for about 10% of



the genome, are found dispersed throughout the backbone. The CV genes are variably
distributed and their distribution pattern defines S. aureus lineages [Stefani et al., 2012]. The
CV genes include most surface-associated genes and regulator genes. They are encoded on
the bacterial chromosome and are, therefore, typically stable and transferred vertically

[Grumann et al., 2014].

The Mobile genetic elements (MGEs), which account for 15% of S. aureus genome are
gained and lost at high frequencies through horizontal gene transfer [Price et al., 2013]. The
MGEs carry most of the S. aureus virulence factors and antibiotic resistance genes [Shearer
et al., 2011]. The MGEs in S. aureus include prophage, S. aureus pathogenicity islands
(SaPIs), plasmids, transposons and staphylococcal cassette chromosomes (SCC) [Lindsay,

2014; McCarthy et al., 2012]

A. Plasmids

Most S. aureus strains harbor at least one plasmid carrying resistance to antibiotics, metals,
antiseptics, and disinfectants, as well as virulence genes. These plasmids may be
horizontally transferred through conjugation and/or transduction [Shearer et al., 2011].
Conjugative plasmids can spread readily among Staphylococcus strains and to and from
other genera such as Enterococcus species [Shearer et al., 2011]. The plasmid encoded
factors in S. aureus include the P-lactamase encoded by blaZ gene, vanA-mediated
resistance to Vancomycin encoded by 7n1546, resistance to a variety of highly toxic organic
and inorganic ions (such as cadmium, mercury, arsenate, etc.), exfoliative toxin B encoded

by pPRWO001 [Malachowa and DeLeo, 2010].

B. Phages

Phages are widespread in S. aureus, providing a source of genetic diversity, where each
strain contains at least one prophage and many strains carry up to four. The S. aureus phages
are DNA phages whereby the phage DNA integrates into the staphylococcal genome as a
prophage [Deghorain and Van Melderen, 2012]. Their genome size extends from about 15-
130 kb [Kwan et al., 2005]. The Phages encoded virulence factors in S. aureus include

staphylokinase (sak), the chemotaxis inhibitory protein (c/p), the staphylococcal inhibitor of



complement (scn), several superantigens (sea, seg, sek, sek2, sep, seq), the Panton-Valentine
leukocidin (lukF-PV, lukS-PV) and related leukocidins (lukM, lukF’), exfoliative toxin A
(eta) [Deghorain and Van Melderen, 2012] and the immune evasion cluster (Chp, Sak, and
Scn) associated with human specificity [McCarthy et al., 2012].

C. Staphylococcal pathogenicity islands (SaPIs)

Staphylococcal pathogenicity islands (SaPIs) are 14—17 kb [Malachowa and DeLeo, 2010]
residing normally at specific sites in the chromosome of their host and remain quiescent
under the control of a master repressor. However, in the presence of specific “helper”
bacteriophages (e.g. bacteriophage 80a), they become de-repressed and enabled to express
their integrase and excision genes [Juhas, 2013; Ram et al., 2012]. During mobilization, the
SaPI genomes are packaged into transducing particles encoded by the helper phage
[Dearborn and Dokland, 2012]. Among the SaPIs encoded S. aureus factors are enterotoxins

and toxic shock syndrome toxin (TSST) [Malachowa and DeLeo, 2010].

D. Transposons

S. aureus posesses more than ten transposons, the majority of which carry antibiotic
resistance genes. Transposons usually carry a transposase gene and other genes often are
antibiotic resistance determinants. The transposase participates during recombination

required for transposition [Plata et al., 2009].

E. Staphylococcal cassette chromosome mec (SCCmec)

The SCCmec are 20 to 60 kb found integrated into the staphylococcal chromosome at a
specific site called the integration site sequence (ISS) within the 3' end of the orfX gene.
Each SCCmec element carries a cassette chromosome recombinase (ccr) and mec gene
complex. The mec genes encode resistance to methicillin and almost all f-lactam antibiotics.
However, the ccr genes encode serine recombinases that mediate site- and orientation-
specific integration and excision of SCCmec. There are variable length genes outside of the
ccr and mec gene complexes in the SCCmec which are called “Joining” or “J” regions,
namely J1, J2 and J3 [Liu ef al., 2016a; Shore and Coleman, 2013]. Besides methicillin and

penicillin resistances, SCCmec often harbors a number of additional genes conferring



resistance to a wide variety of antibiotics, including tetracycline, kanamycin, lincosamide

and tobramycin [Juhas, 2013].

To date, 3 mec gene types (mecA, mecB and mecC) have been identified. The mecA gene
originally identified in MRSA strain N315 encodes the PBP responsible for B-lactam
resistance, PBP2a. The mecA gene has been also identified in various staphylococcal species
other than S. aureus, such as S epidermidis, S. haemolyticus, S. saprophyticus, and S.
fleurettii. The mecB, which was identified in Macrococcus caseolyticus, is divergent mecA
gene homologues with 62% nucleotide sequence identity to mecA of N315 [Becker et al.,
2014; Ito et al., 2012]. The mecC was identified recently in S. aureus strain LGA251 and
had 69% identity to mecA of N315. The mecC also encodes PBP2a, which is only ~63%
identical at the amino acid level to the mecA encoded PBP2a. The emergence of mecC poses
a diagnostic problem in MRSA, as mecC positive strains are usually negative using mecA
PCR and PBP2a slide agglutination [Paterson et al., 2014]. The naming of mec genes as

mecA, mecB and mecC is based on the chronological order of discovery [Ito et al., 2012].

1.2.3. Staphylococcus aureus colonization

S. aureus usually colonizes the skin and mucosa of human and warm-blooded animals. In
addition it can survive well in the environment [Peton and Le Loir, 2014]. It is estimated
that about a third of world population is colonized by S. aureus, with the most common
carriage site being in the anterior nares [Verkade and Kluytmans, 2014]. S. aureus can also
colonizes other body sites such as mucosal surfaces; including the throat, vaginal wall, and
gastrointestinal tract [Liu, 2009]; warm and moist skin folds; such as behind ears, under
pendulous breasts, and in the groin [Ibler and Kromann, 2014], the axilla, and the perineum
[Price et al., 2013]. Cows may be healthy carriers of S. aureus on the teat skin, in the rectum
or nasal cavity. However, the principal reservoirs of S. aureus in dairy herds are infected
udders and teat skin. Hence, infected cows can shed S. aureus in milk [Peton and Le Loir,

2014].

Colonization by S. aureus can be transient or persistent [Xu and McCormick, 2012].

Transient colonization can be generally described as a single positive culture on a nasal



swab; whereas, persistent colonization is at least two consecutive positive cultures one
week apart [Liu, 2009]. The prevalence of nasal colonization by S. aureus is particularly
high within the general population where about 20% are persistently and 30% transiently
colonized [Price et al., 2013]. Difference in carrier state could be related to different ligands

for the adhesins of S. aureus [Zecconi and Scali, 2013].

Colonization provides a reservoir from which S. aureus can be introduced when host
defenses are breached; whether by shaving, aspiration, insertion of an indwelling catheter, or
surgery [Gordon and Lowy, 2008]. Supporting this, a study demonstrated that about 82% of
S. aureus isolated from blood-stream infections were identical with those carried in the nose
indicating an endogenous source [Eiff ef al., 2001]. This can be particularly dangerous in
hospital setting if a nasal carrier is immunocompromised and the colonizing strain is drug
resistant [Xu and McCormick, 2012]. Moreover, a recent case control study revealed S.
aureus nasal carriage in 89% and 100% of recurrent and non-recurrent furunculosis,
respectively [El-Gilany and Fathy, 2009]. Carriers of S. aureus are also two to nine times
more likely than non-carriers to have surgical-site infections [Aslam et al., 2013].
Colonization also allows S. aureus to be transmitted among individuals in both health care

and community settings [Gordon and Lowy, 2008].

1.2.4. Virulence factors and Pathogenesis of S. aureus infection

The reason for S. aureus to be considered as one of the most important human pathogens is
largely due to its virulence potential and ubiquitous occurrence. Tissue invasion by S. aureus
usually results from epithelial lining injury, trauma, medical or surgical interventions and
viral infections [Grundmann et al., 2010]. However, S. aureus associated food poisoning is
due to ingestion of heat stable staphylococcal enterotoxins along with food [Hennekinne et
al., 2012]. The severity and outcome of S. aureus infections depend largely on the virulence

of the introduced strain and the immune repertoire of the host [Grundmann et al., 2010].

S. aureus strains possess a varying repertoire of virulence factors resulting in hetrogenious
disease characteristics. Many of these virulence factors are encoded on MGEs [Otto, 2014]

(Figure 1.1). These virulence factors mediate adherence to damaged tissue, extra-cellular



matrix and the surface of host cells; facilitate tissue destruction and spreading; bind to
proteins in the bodily fluids to help evade antibody and complement-mediated immune
responses; lyse host cells; and manipulate the innate and adaptive immune responses

[Grumann et al., 2014].
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Figure 1.1: 8. aureus virulence factors (adapted from [Gordon and Lowy, 2008])

The virulence factors of S. aureus are grouped in to cell surface factors, toxins and other

secreted factors as discussed below.

A. Cell surface factors

The S. aureus surface-associated virulence factors include capsular polysaccharides (CPs),
staphyloxanthin (carotenoid pigment), and a group of proteins known as microbial surface
components recognizing adhesive matrix molecules (MSCRAMMSs). About 90% of S.
aureus clinical isolates produce polysaccharide capsule. The functions of the capsule include
impeding phagocytosis by neutrophils, enhancing bacterial colonization and persistence on
mucosal surfaces. The S. aureus golden pigment, staphyloxanthin plays an important role in

resisting neutrophils’ reactive oxidant mediated killing [Lin and Peterson, 2010].

The MSCRAMMs mediate attachment to different host substrates and initiate colonization

leading to infection [Plata et al., 2009]. The MSCRAMMs also involve in immune evasion,



bacterial aggregation and biofilms formation. As most surface proteins are encoded by the
core genome [Otto, 2012], they are crucial to the success of the organism as a commensal
bacterium and as a pathogen [Foster ef al., 2014]. The major MSCRAMMSs of S. aureus
include fibronectin-binding proteins, clumping factors, Staphylococcal protein A (Spa) and
collagen-binding protein [Zecconi and Scali, 2013]. Fibronectin binding proteins A and B
are important in the attachment of S. aureus to an extra-cellular matrix component,
fibronectin and to plasma clot. Collagen binding protein is necessary for adherence of S.
aureus to collagenous tissues and cartilage. Clumping factors A and B (CIfA and CIfB)
serve as clumping and adherence of S. aureus cells to fibrinogen; hence, play a significant
role in wound and foreign body infections [Plata et al., 2009]. Staphylococcal protein A is
encoded by the spa gene and plays mainly in immune evasion through biding with Fc region
of immunoglobulin G (IgG), thus impairing opsonization and then phagocytosis [Zecconi
and Scali, 2013]. Protein A is ubiquitous in S. aureus and often used in strain typing on the

basis of variation in the DNA sequence-encoding region X [Foster et al., 2014].

B. Toxins

S. aureus produces several toxins, some of which are found virtually in all strains, while
others are restricted to a subset of strains [Otto, 2013]. The toxins can be grouped as those
that can damage the membranes of host cells (pore-forming toxins), degrade inter-cellular
junctions (exfoliative toxins), or modulate the immune response by aberrant activation of

immune cells (Superantigen toxins) [Grumann et al., 2014; Otto, 2012].

i. Pore-forming toxins
The pore-forming toxins (cytolysins) cause target cells lysis through formation of B-barrel
pores in their cytoplasmic membranes [Plata et al, 2009]. They include hemolysin-a,

leukotoxins, and Phenol-soluble modulins (PSMs) [Krishna and Miller, 2012].

a) Hemolysin-o
Hemolysin-a (a-toxin) is encoded by the //a gene found in the core genome of S. aureus and
released by about 95% of S. aureus strains. Binding of hemolysin-a to the membrane

receptor  ADAMI10 (A disintegrin and metalloproteinase 10) results in the formation of
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heptameric pores; thereby destroying a variety of host cells, including epithelial cells,
erythrocytes, fibroblasts, monocytes, macrophages, and lymphocytes, but not neutrophils

[Berube and Bubeck Wardenburg, 2013; Grumann et al., 2014].

b) Leukotoxins

Leukotoxins are known to lyse cells of the myleoid lineage (i.e. monocytes, macrophages,
and neutrophils) contributing to disease progression. They are either core genome- or phage-
encoded, 32-35 kDa, bi-component toxins consisting of one class S and one class F protein.
The class S and F proteins are non-toxic on their own, but upon oligomerization, they form a

B-barreled pore-structure [Grumann ef al., 2014]. The leukotoxins include Panton-Valentine

leukocidin (PVL), LukDE, LukAB (LukGH), LukF’M and hemolysin-y [Otto, 2014].

Panton-Valentine Leukocidin (PVL): is prophage-encoded, bicomponent (lukF+lukS),

pore-forming toxin. It is cytotoxic to neutrophils [Loffler ef al., 2010] and to a lesser extent
to monocytes and macrophages, but not to lymphocytes. Initial binding of LukS-PV to C5a
receptors on target cells triggers secondary binding of LukF-PV and subsequently induce the
assembly of lytic pore-forming hetero-octamers [Spaan et al., 2013]. Although PVL was
first noted by Panton and Valentine in 1932 [Panton et al., 1932], the interest in PVL
increased enormously when an epidemiological association between presence of the /ukS
and /ukF genes and CA-MRSA was detected [Vandenesch et al., 2003]. PVL is present in
about 85% of community-acquired MRSA strains, e.g. USA300/STS8; in particular those
causing pneumonia, and skin and soft tissue infections, and about 5% of overall S. aureus
clinical isolates. Despite its apparent linkage to virulent strains capable of causing deadly
infections in healthy people, PVL’s contribution to virulence has not been conclusively
proven [Yoong and Torres, 2013]. However, a recently published meta-analysis on human
staphylococcal infections found that PVL positive strains are strongly associated with skin

and soft-tissue infections [Shallcross et al., 2013].

LukDE and LukGH: are expressed by the majority of CA-MRSA strains similar to PVL.

LukDE is present in 87% of clinical strains and is toxic toward human neutrophils and rabbit
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red blood cells [Yoong and Torres, 2013]. LukGH exhibits potent cytolytic activity towards

neutrophils.

LukF’M: is cytolytic to bovine polymorphonuclear leukocytes and has been implicated in

bovine mastitis [Grumann et al., 2014].

Hemolysin-y: is encoded by Alg gene cluster of the core genome and is present in 99% of S.
aureus strains. It is highly cytolytic to red blood cells and has moderate leukotoxic activity

[Grumann et al., 2014.

c) Phenol-soluble modulins (PSMs)

Phenol-soluble modulins (PSMs) are a recently discovered family of amphipathic peptides
with multiple roles in S. aureus pathogenesis. PSMs may cause lysis of many human cell
types including leukocytes and erythrocytes, stimulate inflammatory responses, and
contribute to biofilm development [Cheung et al., 2014]. PSM peptides are encoded in the
core genome with the exception of PSMmec which is encoded adjacent to the mecA—mecR—
mecl gene cluster in SCCmec types II, III and VIII [Peschel and Otto, 2013]. PSMs are
produced more abundantly by CA-MRSA compared to HA-MRSA strains [Gonzalez ef al.,
2014].

ii. Exfoliative Toxins

Exfoliative Toxins (ETs) are approximately 30 kDa serine proteases which can selectively
recognize and hydrolyze desmosomal cadherins in the superficial layers of the skin, i.e.
keratinocytes [Bukowski et al., 2010]. By loosening the keratinocyte junctions, the ETs
cause blistering diseases known as bullous impetigo and staphylococcal scalded skin
syndrome (SSSS). There are three known exfoliative toxins (ETs); namely ETA, ETB and
ETD. The ETA is encoded by a temperate phage, ETB by plasmids and ETD by the core
genome. ETA is the prevalent serotype expressed by more than 80% of ET-producing
strains in Europe, USA, and Africa; however, ETB is the leading serotype in Japan

[Bukowski et al., 2010].
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ili. Superantigen toxins

The staphylococcal superantigens (SAgs) are 20-30 kD, secreted, heat stable toxins
classically associated with food poisoning and toxic shock syndrome (TSS) [Otto, 2014].
They are able to activate T-lymphocytes and antigen-presenting cells (APCs)
nonspecifically by cross-linking VB regions of the T-cell receptor (TCR) and MHC class II
molecules of the APCs in a non-antigen-specific manner [Lin and Peterson, 2010].
Formation of the complex induces intense T-cell proliferation resulting in massive cytokine
production and release thereby causing capillary leak, epithelial damage and hypotension

[Plata et al., 2009].

Currently more than 20 distinct SAgs have been characterized from S. aureus strains. About
half of them have been proved to be emetic, representing a potential hazard for consumers
[Hennekinne et al., 2012]. More than 60% of S. aureus clinical strains harbor at least one
sag gene, although most strains encode many. The SAgs include the staphylococcal
enterotoxins (SEs), the staphylococcal enterotoxin-like (SEls) proteins, and the toxic
shock syndrome toxin-1 (TSST-1) [Lin and Peterson, 2010]. SEs were originally defined
by their ability to cause staphylococcal food poisoning (SFP) including emesis, and
currently include the SEA, SEB, SEC, SED, SEE, SEG, SEH, SEI, SER, and SET. The SE/
toxins are both homologous and structurally similar to the SEs, but either do not induce
emesis or have not been formally demonstrated to induce emesis. The SE/ toxins include the
SElN, SEIK, SEIL, SEIM, SEIN, SEIO, SEIP, SEIQ, SEIS, SE/U, SE/V, and SE/X [Xu and
McCormick, 2012]. The SEs are resistant to environmental conditions (freezing, drying, heat
treatment and low pH) and to proteolytic enzymes retaining their activity in the digestive

tract after ingestion [Grundmann et al., 2010; Ortega et al., 2010].

C. Other secreted factors

More than 60% S. aureus clinical isolates produce bacteriophage encoded secreted proteins
called chemotaxis inhibitory protein of Staphylococcus aureus (CHIPS). The CHIPS binds
specifically to the C5a and formylated peptide receptors, thereby specifically impairing the
response of neutrophils and monocytes to formylated peptides and C5a [de Haas et al.,

2004; Postma et al., 2004]. Through specifically hydrolyzing sphingomyelin; B-toxin
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(sphingomyelinase C) is cytotoxic to monocytes, erythrocytes, neutrophils and lymphocytes

[Lin and Peterson, 2010].

S. aureus produces two types of coagulases, staphylocoagulase and von Willebrand factor
(VWF). The coagulases bind to prothrombin and several other plasma proteins, thereby
triggering the conversion of fibrinogen to fibrin clots. The fibrin clots accumulate on the
surface of S. aureus cells, inhibiting phagocytosis, causing abscess formation, and
promoting adhesion of S. aureus to catheters during biofilm-associated infection. On the
other hand, S. aureus produces staphylokinase which converts plasminogen to plasmin,
thereby degrading the fibrin clots. This will diminish the function of the fibrin meshwork in
keeping a staphylococcal infection localized. Although staphylokinase facilitates bacterial
penetration through the skin barrier, it decreases the severity of skin infections by leading to

drainage [Otto, 2014].

1.2.5. Clinical features of S. aureus infection

A. SKkin and Soft Tissue Infections (SSTIs)

Skin and soft tissue infections (SSTIs) are inflammatory microbial infection of the
epidermis, dermis, and subcutaneous tissues. They are common cause of hospitalization,
disability, and antibiotic therapy all over the world [Ravishankar et al., 2014]. The SSTIs
include impetigo, cellulitis, furunculosis, subcutaneous abscesses, and infected ulcers and
wounds. S. aureus is the leading cause of SSTIs worldwide. The SSTIs represent about 90%
of all clinical manifestations of community-associated S. aureus disease [Cheung et al.,
2014]. In the hospital setting, staphylococcal skin infections are most often encountered

postoperatively as surgical site infections [Tang and Stratton, 2010].

Impetigo is characterized by honey-colored crusted sores and erosions (and sometimes

vesicles) on the surface of the skin [Krishna and Miller, 2012].

Cellulitis is pyogenic infection of the skin without an organized cavity and is typically
limited to the epidermis, dermis, and superficial subcutaneous tissues. It is characterized by

the presence of erythema, warmth, induration, and tenderness [Mistry, 2013].
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Furunculosis (also called boils) is a deep infection of the hair follicle, usually by S. aureus,
leading to abscess formation with accumulation of pus and necrotic tissue. Furuncles present
as red, swollen, and tender nodules of varying size and at times with an overlying pustule. If
several adjacent follicles are infected they may coalesce and form a larger nodule, known as

a carbuncle [Ibler and Kromann, 2014].

Surgical site infections (SSIs) are infections involving skin, subcutaneous tissue and
organs/spaces opened or manipulated during an operation, occurring within 30 days after the

procedure or within one year if orthopedic implant is in situ [Mangram et al., 1999].

B. Staphylococcal toxic shock syndrome (STSS)

STSS is an acute and potentially fatal disease due to a SAg-induced over production of
cytokines resulting in systemic inflammation and shock in individuals lacking neutralizing
antibodies to the particular SAg. It is a capillary leak syndrome stemming from toxin- and
cytokine-mediated endothelium damage where patients develop fever, rash, hypotension,
multi-organ involvement and convalescent desquamation [Ortega et al., 2010; Xu and

McCormick, 2012].

Based on the site of infection, STSS can be divided as menstrual and non-menstrual TSS.
Menstrual TSS usually occurs within 2 days after the initiation of menstruation or within 2
days after completion of menstruation, and it is associated with tampon usage in women
colonized vaginally by superantigen-producing S. aureus. TSST-1 is responsible for more
than 90% of menstrual TSS. Non-menstrual TSS occurs as a complication of S. aureus
infections after surgical procedures, burns or post-influenza pneumonia. TSST-1 is
responsible for approximately half of non-menstrual TSS cases, and SEC and SEB are

responsible for the majority of the remaining cases [Lin and Peterson, 2010].

C. Staphylococcal Scalded Skin Syndrome (SSSS)

Staphylococcal scalded skin syndrome, also known as Ritter’s disease, is primarily
characterized by skin exfoliation. Early SSSS manifests with fever, malaise, lethargy, and
poor feeding. These symptoms are followed by an erythematous rash and the formation of

large, fragile, fluid-filled blisters. The blisters burst with mechanical action, leaving the
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affected parts of the body without a protective layer of epidermis. SSSS affects large parts of
the body and the lesions are often sterile. A localized form of SSSS, restricted to the sites of

infection, is recognized as “bullous impetigo” [Bukowski et al., 2010].

D. Staphylococcal food poisoning

Staphylococcal food poisoning results from ingestion of staphylococcal enterotoxins (SEs).
S. aureus can grow on different foods and secret SEs including milk and cream, cream-filled
pastries, butter, ham, cheeses, sausages, canned meat, salads, cooked meals and sandwich
fillings [Ortega et al., 2010]. Initial symptoms (nausea followed by incoercible characteristic
vomiting) appear within 3 hours after ingesting contaminated food. Other commonly
described symptoms are abdominal pain, diarrhea, dizziness, shivering and general
weakness, sometimes associated with a moderate fever. In the majority of cases, recovery
occurs within 2448 hours without specific treatment, while diarrhea and general weakness

can last 24 hours or longer [Hennekinne et al., 2012].

E. Other clinical features of S. aureus

Besides the clinical features mentioned above, S. aureus is also responsible for a significant
proportion of nosocomial pneumonia mainly ventilator-associated [Chastre et al., 2014] and
community-acquired pneumonia [Tang and Stratton, 2010]. S. aureus is also a leading cause
of community- and hospital-acquired bacteremia. S. aureus bacteremia can lead to seeding
of virtually any body site with infective endocarditis as a main complication [Keynan and
Rubinstein, 2013]. Moreover, S. aureus is also responsible for an increased number of more

serious infections, such as septic arthritis and osteomyelitis [Tang and Stratton, 2010].

F. Mastitis in dairy animals

Mastitis, inflammation of the mammary gland, is one of the most common and detrimental
diseases cows can experience [De Vliegher ef al., 2012]. S. aureus is a major etiologic agent
of mastitis in dairy farms [Cicconi-Hogan et al., 2014]. It occurs when the bacteria invade
the mammary gland via the teat orifice, establishing intra-mammary infection and often
provoke an inflammatory response. The manifestation of mastitis can be either clinical or

subclinical mastitis [De Vliegher ef al., 2012]. Clinical mastitis is characteristic by visible
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changes in milk with appearance of flakes or blobs and with appearance of edema and pain
in the udder. Subclinical mastitis is an inflammation of the mammary gland without clear

signs [Varatanovi¢ et al., 2010].

1.2.6. Epidemiology of Staphylococcal SSTIs in human and mastitis in cattle

The incidence of skin and soft tissue infections is increasing, concomitant with the
emergence of community acquired S. aureus. Nowadays, SSTIs are frequently encountered
in ambulatory settings such as the emergency department and primary care offices [Mistry,
2013]. In the USA alone, S. aureus associated skin infections account for 11.6 million
outpatient and emergency room visits and nearly 500,000 hospital admissions per year

[McCaig et al., 2006].

A. Community onset S. aureus skin and soft tissue infection

Community onset S. aureus SSTIs are defined by the presence of culture confirmed S.
aureus obtained within 48 hours of hospital admission or evidence of infection on
admission. The community onset S. aureus SSTIs can be community acquired or health
care-associated. They are called health care-associated community-onset (HACO) if the
patient had one or more of the following in the previous year: a history of hospitalization,
surgery, dialysis, or residence in a long term care facility, use of indwelling catheters or
other percutaneous medical devices. However, if the criteria for HACO are absent, they are

considered as community acquired [Benoit et al., 2008; CDC, 2012].

S. aureus as the leading cause of skin infections in the community has been studied in
several settings. For example, 75% of Skin abscesses in Mozambique [van der Meeren ef al.,
2014] and 73.5% of skin abscesses in Sudan [El Shallaly et al., 2012] are due to community
onset S. aureus. Retrospective studies in Ethiopia documented that S. aureus accounted for
up to 65% of isolates from community acquired wound infections [Azene and Beyene, 2011;
Mulu et al., 2006]. In the USA, 50-80% of community acquired S. aureus isolates from
cutaneous abscesses are CA-MRSA [Mistry, 2013].
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S. aureus transmission in the community commonly occurs through direct contact and
fomites [Rodriguez et al., 2014]. Risk factors associated with S. aureus infection in the
community include overcrowding (such as in sport settings, schools, day-care centers, the
military and prisons) [Graveland et al., 2011], poor hygiene, and high rates of scabies,

pyoderma, scratches, or insect bites [Chuang and Huang, 2013].

B. Surgical site infections

Despite advances in infection control practices, including improved operating room
ventilation, sterilization methods, barriers, surgical technique, and availability of
antimicrobial prophylaxis; SSIs remain a substantial cause of morbidity, prolonged
hospitalization, and death [CDC, 2014]. The SSIs are responsible for 20-31% of health
care—associated infections in hospitalized patients and a mortality rate of about 3% [Owens
et al., 2014]. SSIs also contribute to increased cost due to prolongation of hospital stay, the
need for additional diagnostic tests, antibiotic treatment and, in some cases, additional
surgery [Borgey et al., 2012]. Infection rates among operated patients varies with hospital
settings reflecting infection control practices as well as factors related to the agent,
environment and the host [Seni ef al., 2013b]. For example, in the USA the rate of SSIs is
estimated at 1.9% [CDC, 2014]. The rate is even higher in Ethiopia; for example, 8-10 % in
Bahirdar [Melaku et al., 2012; Mulu et al., 2012], 11.4% among obstetrics cases in Jimma
[Amenu et al., 2011].

S. aureus is the most common organism responsible for about 30% of SSIs infection
[Chiang et al., 2014]. Studies from the neighbor country, Uganda, documented 20-29% of
SSIs are due to S. aureus [Ojulong et al., 2009; Seni et al., 2013b]. Studies in Ethiopia also
documented a significant role of S. aureus in SSIs. For example, S. aureus accounted for
28.8% of SSIs in Gondar [Kotisso and Aseffa, 1998], 26-36% in Bahirdar [Melaku et al.,
2012; Mulu et al., 2012], 37.3% in Hawassa [Dessalegn et al., 2014] and 10% in Mekele
[Tesfahunegn et al., 2009].

Risk factors for SSIs include, prior colonization of the incision site, host factors (such as

age, nutritional status, smoking, obesity, diabetes, long-term steroid use, alcohol abuse,

18



malnutrition, immune-suppression and coexisting infections), the length of the preoperative
hospital period, preoperative procedures (such as skin preparation/antisepsis, antimicrobial
prophylaxis and preoperative shaving) and the duration and performance of the operation
contribute to increased risks of SSIs [Cooper, 2013; Savage and Anderson, 2013]. Due to
increase health and economic importance of SSIs, evidence based guidelines on prevention

of SSIs has been published [Berrios-Torres et al., 2017].

C. Mastitis in dairy cattle

Mastitis is one of the most common and detrimental diseases cows can experience [De
Vliegher et al., 2012]. It is the leading cause of economic losses in dairy cattle herds,
because of poor yields in the infected udder, veterinary treatments, milk that must be
discarded [Peton and Le Loir, 2014]. Besides the economic impact, mastitis is also an

important animal health and welfare issue [Keefe, 2012].

S. aureus is one of the leading etiologies of mastitis in dairy animals. In addition to the
economic and animal health impacts, mastitis due to S. aureus is also a potential public
health problem as many isolates of milk from infected glands possess enterotoxin genes
[Peton and Le Loir, 2014]. S. aureus transmission in dairy cattle is thought to occur
primarily via the milking machine, udder cloths or milkers’ hands [Zadoks et al., 2011].
Most infections are established during the first three months of lactation, and approximately
80% of them persist until the end of lactation. If no antibiotic therapy is administered during
the dry period, most of these infections will still be present after calving [Peton and Le Loir,

2014].

S. aureus is the most common udder pathogen in bovine mastitis in Sweden accounted for
21.3% of acute clinical mastitis [Ericsson Unnerstad et al., 2009] and 19% of subclinical
mastitis [Persson et al., 2011]. In Ethiopia, S. aureus accounted for 47% of bovine mastitis
etiologies in Wondogenet [Abdella, 1996], 42.6% in Selalle area [Getahun et al., 2008],
19% in Bahirdar [Almaw et al., 2008], 48.6% around Hawassa [Abera et al., 2012], 36% in
Northern Ethiopia [Haftu et al., 2012] and 16.2% around Addis Ababa [Mekuria et al.,
2013].
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D. Zoonosis

Most strains of S. aureus are host-specific, indicating a low frequency of cross-species
transmission. However, recent studies have identified several S. aureus strains that are
associated with multiple host species, implying either zoonotic transmission or a recent
common ancestor [Spoor et al., 2013]. Of particular concern is the zoonotic transmission of
MRSA that has occurred in Europe over the last decade [Smith ez al., 2014]. Transmission
of S. aureus from animals to humans can take place either by direct contact or by contact
with excretions of the animals [Wendlandt et al., 2013], environmental contamination, and
eating or handling contaminated meat [Verkade and Kluytmans, 2014] and dairy products

[Doyle et al., 2012].

The first zoonotic MRSA, so called livestock-associated MRSA (LA-MRSA), was first
reported in humans in the Netherlands in 2003 [van Loo et al., 2007; Voss et al., 2005].
Since then LA-MRSA has increased to 32% in 2006 [van Rijen ef al., 2008] and 42% by the
end of 2008 among all newly identified MRSA strains in humans in the Netherlands. The
main risk groups for MRSA CC398 carriage are humans with occupational exposure to pigs
and veal-calves. LA-MRSA is rarely found outside these risk groups [Verkade and
Kluytmans, 2014]. LA-MRSA is also reported from other European countries [Armand-
Lefevre et al., 2005; Cuny et al., 2009; Espinosa-Gongora et al., 2012; Monaco et al., 2013;
Porrero et al., 2012], North America [Dressler et al., 2012; Frana et al., 2013], and Asia
[Asai et al., 2012; Wagenaar et al., 2009]. The predominant LA-MRSA in Europe and North
America is ST398; however, ST9 predominates in Asia [Asai et al., 2012; Fang et al., 2014].

Another form of MRSA harboring mecC was isolated recently from animals and later from
human during retrospective investigation in the UK and Denmark [Garcia-Alvarez et al.,
2011]. The mecC positive MRSA isolates were found to harbor type XI SCCmec and
belonged predominantly to CC130 and ST425. These mecC MRSA isolates have also been
reported from other European countries, including Republic of Ireland, Germany, France,
Netherlands, Belgium, Sweden, Norway, Austria, Spain, Switzerland and Finland [Paterson

et al., 2014]. Other S. aureus molecular types capable of colonizing both human and cattle
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include ST1, ST8, and CC97 [Fitzgerald, 2012]. The CC97 is the leading cause of bovine
mastitis in Europe, Asia, and North and South America [Spoor et al., 2013].

1.2.7. Laboratory Methods for diagnosis of S. aureus Infection

A. Microscopy
When observed microscopically in Gram stained smear, S. aureus appears as a gram-

positive coccus arranged in grape-like clusters as shown in Figure 1.2.

Figure 1.2: Gram stain from tissue with S. aureus infection [Tang and Stratton, 2010]

B. Culture

Currently, culture is the most commonly used method for the diagnosis of S. aureus
infection. S. aureus grows readily on several types of culture media. When grown in an
enriched media, such as sheep blood agar, it usually produces characteristic -hemolytic
golden color colonies [Tang and Stratton, 2010]. S. aureus grows best when incubated
aerobically at a temperature of 35°C. Moreover, it is able to grow at high NaCl concentration
and is capable of fermenting mannitol. Hence, mannitol salt agar containing 7.5% NaCl has
been used as a selective medium [Missiakas and Schneewind, 2013]. Besides the above
mentioned characteristics; S. aureus 1is catalase positive, coagulase positive and
Deoxyribonuclease (DNase) positive. These characteristics are often used during phenotypic

identification of S. aureus [Brown et al., 2005].

C. Antimicrobial Susceptibility Testing (AST)
Antimicrobial susceptibility testing is performed for the rapid and reliable prediction of

antimicrobial success in the treatment of infection. AST for S. aureus can be performed by
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phenotypic or nucleic acid-based methods [van Belkum and Dunne, 2013]. The phenotypic
AST methods are the most widely used methods that include the classical disc diffusion
method, broth microdilution, antimicrobial gradient methods (e.g. E-test strips), and various
commercially available automated systems (e.g. the Vitek 2 system from BioM¢rieux).
These methods have high sensitivity for detecting antibiotic resistance, have been highly
standardized; such as those published by CLSI and EUCAST [Pulido et al., 2013]. Nucleic
acid-based AST methods detect resistance genes by PCR methods. For example, methicillin
resistance by S. aureus can be determined by the resistance genes (mecA/mecC) using
multiplex PCR [Becker ef al., 2013]. However, the nucleic acid methods cannot detect all
resistance markers, are expensive, and have not been widely adopted [van Belkum and

Dunne, 2013].

D. Molecular Methods

Most molecular methods for identification of S. aureus have been PCR based. A range of
primers designed to amplify species-specific targets have now been developed. Such targets
include the nuclease (nuc: frequently used), coagulase (coa), protein A (spa), and 16S rRNA
[Brown et al., 2005]. The diversity of S. aureus infections and virulence determinants
warrant typing methods to identify strains with unusual pathogenic abilities, to investigate
the source and route of spread of infection, and for the formulation of effective control
measures. Over the years, many S. aureus molecular typing methods, including pulsed-field
gel electrophoresis (PFGE), multilocus sequence typing (MLST), S. aureus protein A (spa)
typing and SCCmec typing for MRSA have been used [Udo, 2013]. The spa typing and
SCCmec typing are specific to Staphylococci [Mediavilla et al., 2012].

These molecular techniques have been used successfully to describe the global population
structure of S. aureus, to study their subsequent worldwide dissemination, to study the
evolution of the MRSA clones, to provide a framework for the description of the major
lineages associated with healthcare-associated infections in different countries, and to

monitor their emergence, dispersal and decline in different settings [Price et al., 2013].
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I.  Pulsed-field gel electrophoresis (PFGE)

PFGE is a classic ‘fingerprinting” method which compares banding patterns from whole-
genome macro-restriction digests, and is considered the gold standard for outbreak
investigations involving closely-related strains [Mediavilla et al., 2012]. In PFGE for S.
aureus, the chromosomal DNA is digested with the restriction enzyme Smal, and the
resulting DNA fragments are separated by agarose gel electrophoresis in an electric field
with an alternating voltage gradient. The resulting banding patterns are analyzed using
special software packages, such as GelCompar II from Applied Maths, using Dice
comparison and unweighted pair group matching analysis (UPGMA) settings [Deurenberg

and Stobberingh, 2008] according to the criteria of [ Tenover et al., 1995].

Although highly discriminating, inter-laboratory comparisons and data portability are
limited due to the lack of internationally harmonized PFGE protocols, such that similar
strains may reflect national or regional nomenclature. The PFGE database in the United
States, for example, classifies major S. aureus clones as USA100, USA200, USA300, and so
on, whereas other international designations include EMRSA (United Kingdom), WA
(Western Australia), and CMRSA (Canada) [Mediavilla ef al., 2012].

II. Multi-Locus Sequence Typing (MLST)

MLST has been proven to be an excellent method to study the molecular evolution of S.
aureus. This method is based on the sequence analysis of fragments of seven S. aureus
housekeeping genes, i.e. arcC, aroE, glpF, gmk, pta, tpi and yqil., each approximately 500-
bp in length [Deurenberg and Stobberingh, 2008]. The fragments are sequenced and
submitted to the S. aureus MLST database for identification (http://saureus.mlst.net). Strains
with identical sequences at all seven genetic loci are assigned unique ‘sequence types’ (ST),
and clusters of closely related STs are called ‘clonal complexes, CCs’. MLST provides
excellent inter-laboratory reproducibility and data portability. However, MLST in most
cases will be of limited use for tracking the spread of individual S. aureus clones due to the
insufficient discriminatory power of the method. Even though a large number of STs has
been discovered, a limited number of clonal complexes (CC1, 5, 8, 15, 22, 30, 45, 59, 80,

97, and 121) appear to predominate the S. aureus population. These clonal complexes
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display a worldwide distribution, as they have been found ubiquitously through local and

national surveys in many countries on every continent [Nubel et al., 2011].

Outbreaks of CA-MRSA infections have been reported worldwide and successful clones are
usually associated with specific geographical locations. Clones with ST8 are mostly reported
in the USA and Canada, with ST80 in Europe, ST59 in the Asia-Pacific region, and ST30
worldwide [Chuang and Huang, 2013]. ST80 is also reported as the predominant type in the
North African country, Tunisia [Mariem et al., 2013]. However, ST152 followed by ST15
and ST121 are the most frequent types in Ghana [Egyir et al., 2014].

III. spa typing

spa typing is a single locus nucleotide sequence-based method that targets the polymorphic
variable-number tandem repeat (VNTR) region of staphylococcal protein A (spa). The spa
repeats are typically 24 bp in length, with presumptive duplications, deletions, and
rearrangements contributing to the identification of more than 10, 000 unique patterns
known as ‘spa types’ [Mediavilla et al., 2012]. The spa typing method involves sequencing
of the 24-bp variable repeat unit in the 3’ region of the protein A gene (spa) [Udo, 2013] and

comparing the pattern of repeats to a public databases (http://spaserver.ridom.de). So far, as
the technique is straightforward and cost-effective, it is noteworthy that the clonal
background predicted by spa typing usually agrees with that of MLST, and can therefore be
used to infer clonal complexes (CC). As with MLST, spa typing data is unambiguous and
portable [Mediavilla et al., 2012].

The spa type 70 predominates in Tunisia [Mariem ef al., 2013]. However, t355 followed by
t084 and t314 are the most frequent types in Ghana [Egyir et al., 2014]. In, Uganda the
predominant spa lineages were t645 followed t4353 [Seni et al., 2013a].

IV.  SCCmec typing

Unlike PFGE, MLST, and spa typing which describe the genetic background of S. aureus,
SCCmec typing classifies distinct allotypes of SCCmec elements present in MRSA strains
[Mediavilla et al., 2012]. Eleven SCCmec types (I-XI) based on complete nucleotide
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sequence data have been described to date in S. aureus that range in size from 20 to 60 kb.
The majority of MRSA described to date harbor mecA and are designated SCCmec types I-
X. The recently identified Livestock-associated (LA)-MRSA harboring mecC is designated
SCCmec type XI [Shore and Coleman, 2013].The frequently encountered CA-MRSA strains
are typically SCC mec 1V, V, and VI, while HA-MRSA ones are usually SCC mec 1, 11, and
IIT [Udo, 2013]. The SCCmec types I to III are relatively big in size and carry multiple
antibiotic resistance determinants. Types IV and V were recognized as new versions of

SCCmec that were almost diagnostically harbored by CA-MRSA [Hiramatsu et al., 2013].

Contemporary conventions for MRSA nomenclature rely on the combination of MLST
sequence type (or clonal complex) and SCCmec type (e.g. STS5-II, ST8-IV), with additional
resolution provided by other molecular methods such as spa typing. SCCmec subtyping can
provide additional information, often discriminating between distinct lineages within a given
clonal background, as in the case of the North American (ST8-IVa) and Latin American
(ST8-IVc) lineages of USA300. This approach, while not always exhaustive or
unambiguous, allows for a universal short-hand to catalog the regional and historic clone

names which appear frequently in the literature [Mediavilla et al., 2012].

1.2.8. Treatment of S. aureus infections

Antibiotic therapy for S. aureus infections are better guided by susceptibility testing due to
the increased resistance to several antibiotics [Keynan and Rubinstein, 2013]. Simple
abscesses or boils are usually managed by incision and drainage. However, antibiotic
therapy is recommended for abscesses associated with severe or extensive disease (e.g.,
involving multiple sites of infection) or rapid progression in presence of associated cellulitis,
signs and symptoms of systemic illness, associated co-morbidities or immune-suppression,
extremes of age, abscess in an area difficult to drain (e.g., face, hand, and genitalia), and
lack of response to incision and drainage alone [Ibler and Kromann, 2014]. For methicillin
susceptible S. aureus (MSSA) infections, B-lactams (such as nafcillin, oxacillin and

cefazolin) are used as the first-line therapy [Li et al., 2017; Lin and Peterson, 2010].
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The clinical practice guideline by the Infectious Diseases Society of America (IDSA)
recommends the following for the treatment of MRSA infections. For empirical coverage of
CA-MRSA in outpatients with SSTI, oral antibiotic options include clindamycin,
trimethoprim-sulfamethoxazole, tetracyclines (doxycycline or minocycline), and linezolid.
For hospitalized patients with complicated SSTI, options include intravenous (IV)
vancomycin, oral (PO) or IV linezolid, daptomycin IV, telavancin IV, and clindamycin IV
or PO. However, due to increase in drug resistance, antibiotic therapy should be guided by
susceptibility testing result. Seven to 14 days of therapy is recommended but should be

individualized on the basis of the patient’s clinical response [Liu et al., 2011].

1.2.9. Drug resistance in S. aureus

Anti-staphylococcal antibiotics target multiple pathways including bacterial cell-wall
synthesis (i.e. B-lactams, glycopeptides), folic acid metabolism (sulfonamides), and bacterial
protein synthesis (i.e., macrolides, lincosamides and aminoglycosides). However, S. aureus
is smart enough in developing resistance to many of the antibiotics to ensure its survival

[Lin and Peterson, 2010].

A. Resistance to p-Lactams

The B-Lactams bind to the penicillin-binding proteins (PBP) essential for cell wall
biosynthesis and inhibit peptidoglycan crosslink formation, leading to bacterial cell lysis
[Paterson et al., 2014]. Resistance to B-lactams in S. aureus results mainly either through
enzymatic inactivation by B-lactamase or target site replacement by the gene products of the

mecA or mecC [Wendlandt et al., 2013].

In the early 1940s, prior to the introduction of penicillin, the mortality rate of individuals
with S. aureus systemic infection was about 80% [Skinner and Keefer, 1941]. Soon after,
the introduction of penicillin in 1941 has saved the lives of many patients. However, 2 years
later, the first penicillin resistant S. aureus was observed in a hospital and later in the
community [Deurenberg and Stobberingh, 2008] due to the acquisition of a plasmid coding
for penicillinase (B-lactamase) [Turlej et al., 2011]. The B-lactamase hydrolyzes the [-

lactam ring of penicillin thereby inactivating the antibiotic. It is encoded by the blaZ gene
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and the closely linked regulatory genes, blal and blaR. Although initially highly effective
for the treatment of S. aureus infections, today over 90% of human S. aureus strains are
resistant to penicillin [Malachowa and DeLeo, 2010]. Indeed, 100% S. aureus resistance to
penicillin has been documented in a recent study done in Jimma, Ethiopia [Kejela and

Bacha, 2013].

To overcome infections caused by B-lactamase-producing S. aureus; -lactamase-resistant,
narrow spectrum, semi-synthetic penicillin (i.e. methicillin) was introduced in 1959 [Turlej
et al., 2011; Waness, 2010]. The victory against S. aureus using methicillin was short-lived
with the first methicillin-resistant S. aureus (MRSA) strain identified in 1961 [Barber,
1961]. Resistance to B-lactams in MRSA is conferred by the acquisition of a mobile genetic
element, the staphylococcal cassette chromosome (SCCmec) carrying the mecA gene or the
recently discovered mecC. Both mec genes code for alternative penicillin-binding proteins
with a strongly reduced affinity to virtually all B-lactam antibiotics [Wendlandt et al., 2013].
Shortly thereafter, MRSA became pandemic in many medical institutions worldwide

[Waness, 2010].

Later on, community acquired MRSA was reported from populations lacking risk factors for
exposure to the health care systems from western Australia in 1993 [Udo ef al., 1993]. Since
the first report of community acquired MRSA, there has been an explosion in the number of
CA-MRSA infections worldwide [David and Daum, 2010]. Indeed, CA-MRSA strains are
now spreading in the healthcare facilities, displacing in some countries typical HA-MRSA
[Mediavilla et al., 2012; Turlej et al., 2011]. For example, in Canada, >20% of MRSA
infections in the healthcare setting can be attributed to community acquired strains [Nichol

etal.,2013].

CA-MRSA most commonly manifests as skin and soft tissue infections, although invasive
disease such as sepsis and necrotizing pneumonia can occur. Unlike HA-MRSA, CA-MRSA
typically affect those who lack established risk factors for the acquisition of MRSA. CA-
MRSA also differs from HA-MRSA in that they are generally more susceptible to a variety

of non-B-lactam antimicrobial agents. In addition, the majority of CA-MRSA strains harbor
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virulence determinants such as the PVL as well as other toxins that may contribute to the
increasing morbidity and mortality associated with CA-MRSA infections [Chuang and
Huang, 2013; Nichol et al., 2013].

Although the first methicillin-resistant S. aureus (MRSA) strain was identified in 1961 from
human [Barber, 1961] it has been rarely isolated from livestock till recently. Nowadays, it
has been reported with increased frequency from a wide variety of dairy animals, including
cows [Fitzgerald, 2012]. A study from Brazil reported MRSA from 11% of dairy cows with
mastitis [Silva et al., 2014]. Among S. aureus strains isolated from bovine milk with mastitis
in Turkey, 17% were resistant to methicillin [Turkyilmaz et al., 2010]. In another study from
Belgium, 9.3% of S. aureus isolates from mastitis milk samples were MRSA
[Vanderhaeghen et al., 2010]. In Korea, 6.2% of S. aureus isolates from bovine mastitis
milk were MRSA [Nam et al., 2011]. A study in smallholder dairy farms in Ismailia, Egypt
reported 52% of S. aureus isolates from dairy cows’ milk were MRSA [Elhaig and Selim,
2014]. In Ethiopia there have been few studies conducted addressing MRSA in dairy cows
[Mekuria et al., 2013; Tigabu et al., 2015] and none of them found mecA.

B. Resistance to Vancomycin

Vancomycin inhibits bacterial cell wall biosynthesis by forming complexes with the D-ala-
D-ala portion of peptide precursor unit to prevent the cross-linking of the cell wall
peptidoglycan [Lin and Peterson, 2010]. Resistance to Vancomycin can be grouped as
intermediate (VISA) and high (VRSA). Intermediate resistance is more common than high
resistance and results from thickening of the S. aureus cell wall. The excess D-ala-D-ala
targets in the cell wall act as a molecular sink, impairing vancomycin from accessing its
target. Vancomycin resistance in VRSA results most likely from horizontal transfer of
Tni546 carrying the vanA operon to S. aureus from vancomycin-resistant enterococci

(VRE) during co-infection [Deresinski, 2013].

Vancomycin was approved by the U.S drug and food administration (FDA) in 1958
[Waness, 2010] and became the drug of choice for patients infected with MRSA [Cole and

Riordan, 2013]. However, in 1997 the first case of vancomycin-intermediate S. aureus
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(VISA) was reported from Japan [Hiramatsu et al., 1997] and vancomycin-resistant
Staphylococcus aureus (VRSA) in 2002 from USA ([Sievert et al., 2008]. VRSA is also
reported outside the USA, including from India [Thati et al., 2011], Iran [Azimian et al.,
2012] and Pakistan [Hakim et al., 2007].

1.2.10. Prevention and control of S. aureus infections

Keeping personal hygiene and appropriate wound care are recommended for patients with
skin and soft tissue infections (SSTI). Wounds should be covered with clean, dry bandages
and good personal hygiene with regular bathing and washing of hands with soap and water,
or cleansing with an alcohol-based hand gel is recommended [Ibler and Kromann, 2014].
Preventive measures for SSIs target at reducing opportunities for microbial contamination of
the patient’s tissues or sterile surgical instruments [Mangram et al., 1999]. The tenets of
mastitis prevention are maintaining cows in a clean, dry, comfortable environment and
ensuring that recommended milking practices are consistently followed [Erskine, 2012].
Currently, there is no approved vaccine or immunotherapy to prevent or treat S. aureus

diseases [Lin and Peterson, 2010].

The best measures to prevent enterotoxin associated food poisoning in S. aureus rely on
preventing the bacteria from contaminating food and discourage to continue replication.
This is because Staphylococcal enterotoxins are stable to heat treatment and stomach acid
[Schelin et al., 2017]. Practicing hand hygiene measures are important to avoid or reduce
contamination of food by S. aureus. These procedures must include control of raw materials,
proper handling, cleaning and disinfection of equipment from farm to fork. However, as
these requirements are usually not sufficient, it is necessary to destroy Staphylococci
through appropriate treatment, thermal or otherwise, to prevent their growth under
refrigerated conditions. Using cold chain is critical in regard to Staphylococci especially for

foods served at large gatherings such as social events [Hennekinne et al., 2012].

1.3. Statement of the problem

Staphylococcus aureus is an unusually successful and adaptive pathogen that can cause

diverse array of diseases despite its frequent carriage as a commensal [Ortega et al., 2010].
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It was a major cause of morbidity and mortality before the advent of antibiotics and still
continues to be one of the major threats to the public health [Juhas, 2013]. This stems from
the ability of the bacterium to colonize diverse hosts, possession of wide range of virulence
factors responsible to diverse diseases, and the continuous evolution of resistance to many of
the available antibiotics [Ortega et al., 2010]. Despite its importance and the large number
of reports from developed countries; there is little information in the developing world, not
because of low prevalence but probably because of under-reporting and scarce diagnostic

microbiology facilities [Chuang and Huang, 2013].

The clinical relevance of S. aureus is increasing due to the increasing prevalence of
antibiotic resistant strains, more importantly MRSA, both in the health care settings and in
the community [Zecconi and Scali, 2013]. Although MRSA initially emerged in the hospital
settings and caused epidemics of hospital acquired infections, more virulent strains have
emerged among previously healthy individuals in the community without links to healthcare
settings in the 1990s. Nowadays, these more virulent CA-MRSA strains are increasingly
reported even from hospital settings [Nichol et al., 2013; Paterson et al., 2014]. Although
MRSA is nowadays well documented in many parts of the world, data concerning MRSA 1is

limited in sub-Saharan African countries like Ethiopia [van der Meeren et al., 2014].

Livestock acquired (LA) MRSA, which has spread extensively in livestock animals, has
emerged recently among high risk groups who have occupational contact with these animals
[Verkade and Kluytmans, 2014]. The emergence of LA-MRSA is not only important from
an animal welfare and economic perspective but can act as a reservoir for zoonotic infection
of humans [Paterson et al., 2014]. Although, LA-MRSA is well documented in North
America, Europe and Asia; to our knowledge it has never been assessed in Ethiopia.
Assessment of LA-MRSA in Ethiopia is important as Ethiopia is the leading livestock
producing country in Africa and among the 10 leading countries in the world. Indeed, most
peoples in the rural areas of the country have the habit of living in close contact with

different domestic animals, including bovine and raw milk consumption is common.
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S. aureus has also developed resistance even to Vancomycin, the drug of choice for the
treatment of MRSA, and to other multiple antibiotics, including macrolides,
aminoglycosides and fluoroquinolones [Marasa et al., 2014]. The development of resistance
both in human and animals has been associated with the extensive therapeutic use of
antimicrobials or with their administration as growth promoters in food animal production
[Ortega et al., 2010]. This leads to the selection, transmission, and persistence of multidrug
resistance traits in S. aureus [Marasa et al., 2014]. The problem could be even worse in the
resource limited countries, such as Ethiopia, where treatment is mainly empirical due to a

lack of appropriate laboratory facilities.

Molecular typing of S. aureus allows several important observations to be made regarding
the evolution, epidemiology, and spread of clones with particular public health importance,
such as HA-MRSA, CA-MRSA, and LA-MRSA. For MRSA, surveillance is particularly
important because it appears that certain clones have disseminated over wide geographical
regions. Moreover, little is known about the population structure and geographical
abundance of MSSA, which provides the genetic reservoir from which MRSA emerge
[Grundmann et al., 2010]. Not unexpectedly, molecular based studies are limited in the
resource limited parts of the world, like Africa. In Ethiopia only few studies addressing the
molecular epidemiology of S. aureus were done [Seyoum et al., 2016; Tarekgne et al., 2016;

Tigabu et al., 2015]. But all of these studies were done on milk isolates.

1.4. Significance of the study

The present study provides in depth information on the drug resistance pattern, virulence
gene profile and genotypes of S. aureus isolates from human patients with skin and soft
tissue infections, nares of dairy farmers and milk of dairy cows in Mekele, Northern

Ethiopia.

Up-to-date information on the burden of skin and soft tissue infections of human and
intramammary infections of dairy cows due to S. aureus and its drug resistance pattern is
important to consider the best possible infection prevention measures and guide the empiric

therapy of the above mentioned diseases in the study area. S. aureus isolates, especially milk

31



isolates, with the capacity to produce enterotoxins can pose a risk of food poisoning and
toxic shock syndrome to the public. Hence, exploring the toxin profile would help to design

and implement preventive measures to reduce hazards from unsafe milk consumption.

Genotyping of human and animal S. aureus isolates could help to understand the genotypic
diversity of the isolates, and whether unique clones are adapted to the study area or are
similar with those clones spread globally. In addition, the genotyping data could highlight
whether there are S. aureus types which are adapted to both human and animals indicating
cross-transmission between them. This in turn could be important to consider the one health
concept for better infection prevention and control measures and prevent further

transmission.

To the best of our knowledge, this study is the first in Ethiopia in studying S. aureus isolates
from both human and dairy cows; hence, it can serve as a baseline study for further related

studies to be conducted in the Country.

1.5. Hypothesis
e S aureus isolates from human SSTIs carry more frequently the toxin genes pv/ and
tsst-1 than dairy farm isolates
e There is difference on S. aureus molecular types circulating in the study area from
those reported elsewhere
e There is clonal spread of specific S. aureus strains in the study area
e There is cross-transmission of S. aureus between human and dairy cows in the study

arca
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1.6. OBJECTIVES OF THE STUDY

1.6.1. General Objective
e To determine the phenotypic and molecular characteristics of S. aureus isolates from

humans and animals in Mekele city, Northern Ethiopia

1.6.2. Specific Objectives

e To isolate S. aureus from skin and soft tissue infections of human, milk of dairy
cows and nares of farm workers

e To determine the antibiotic susceptibility pattern of the S. aureus isolates to selected
antimicrobial agents using disk diffusion method and E-test

e To characterize the major virulence and drug resistance genes of the S. aureus
isolates using PCR

e To determine the genotypic diversity and clonal relatedness of S. aureus isolates

from human and dairy cows
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CHAPTER TWO: METHODS AND MATERIALS

2.1. Study area

This study was carried out in Mekele, the capital city of the Tigray region. Tigray is located
in Northern Ethiopia and is divided in to 6 zones (southern, south eastern, eastern, central,
western, and north western) and one special zone (Mekele city) (Figure 2.1). Based on the
2007 census, the total human population of the region was around 4.3 million. According to
the 2017 report by the central statistical agency of Ethiopia, the cattle population of the
region was around 4.8 million. Among it around 2.4 million (51%) were females and 28,133

were dairy cows (for milk purpose) [CSA, 2017].
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Figure 2.1: Map of Ethiopia: Tigray region administrative map (adapted from UN Office for
the Coordination of Humanitarian Affairs, OCHA website (published on 17 Aug 2017)
hittps://www.humanitarianresponse.info/sites/www. humanitarianresponse.info/files/documents/file
s/21 _adm_eth 081517 al.pdf)

Mekele is located 783 kilometers north of Addis Ababa. There are seven hospitals in the city

including, one referral hospital, 3 general governmental public hospitals, one defense
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hospital, and three private hospitals [Hagos et al., 2014]. The current study on skin and soft
tissue infections was conducted in Ayder Referral Hospital. This hospital is the only referral
hospital in the city and the region in general. It stands as the second largest hospital in
Ethiopia with the total capacity of about 500 inpatient beds and an estimated patient flow of
more than 100,000 per year. The hospital also serves for parts of Amhara and Afara regional

states. (http://www.mu.edu.et/index.php/the-ayder-referral-hospital).

The dairy cows and farm workers were selected from a total of 67 Small and large scale

dairy farms located in 3 sub-cities of Mekele; namely Hawolti, Semen, and Hadnet.

2.2. Study design and period

A prospective cross sectional study was conducted from March, 2016 to August, 2017 to

characterize S. aureus isolates from humans and dair cows.

2.3. Study Population

Humans
e Patients of all age groups with suspected skin and soft tissue infections (both
community and health care associated) who attended Ayder referral hospital for
investigation and management.
e Dairy farmers working at the dairy farms where the cows were selected in Mekele
Animals

e Lactating dairy cows from dairy farms in Mekele were included in the study.

2.4. Sample size and sampling technique
The sample sizes for each group were calculated using the single population proportion
formula based on prevalence of S. aureus among patients with pus and/or wound discharge
(SSTIs) at Gondar university hospital, 23% [Muluye et al., 2014] and prevalence of S.
aureus among lactating cows in and around Mekele,50%, confidence level of 95% and 5%
significance level (precision).
Z?P(1-P)
n= T
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Where n is sample size, Z is the standard normal variate corresponding to 95% confidence
interval (1.96), P is the expected prevalence mentioned above for each group, and d is the

required precision of the estimate (5%).

Therefore, the following sample sizes were considered in this study

- 355 study participants with SSTIs (community onset SSTIs and SSIs)

- 385 lactating dairy cows

- 71 dairy farm workers in the dairy farms
All human study participants visiting Ayder referral hospital with skin and soft tissue
infections (SSTIs) that fulfill the inclusion criteria were conveniently included until the

required sample size was met.

For the dairy farms, first list of dairy farms and number of cows in lactational stage were
identified from the city’s agriculture bureau. Based on this information, all the lactating

cows and all the available dairy farm workers during data/sample collection were included.

I.  Inclusion criteria
Human study participants with SSTIs

e Patients of all age groups with suspected community-onset SSTIs visiting Ayder
referral hospital and willing to participate in the study.

e Patients of all age groups with clinically suspected SSIs within 30 days of the
surgical procedure or within one year if orthopedic implant was in situ and willing to
participate in the study

Dairy cows

e Lactating cows from small or large scale dairy farms in Mekele where farm

owners/keepers/administrators allowed their cows to be included in the study.
Dairy farmers

e All available and consenting workers from the dairy farms were included

II. Exclusion criteria
e Potential participants (patients with suspected community-onset SSTIs, dairy cows

and farm workers) who took antibiotics in the past two weeks
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e Patients with SSIs where their wounds were cleaned, disinfected and dressed before

sample collection

2.5. Operational Definitions
S. aureus associated Community Onset Skin and Soft tissue infections (CO-SST1Is): are
defined by the presence of culture confirmed S. aureus obtained within 48 hours of hospital

admission/visit or evidence of infection on admission.

Community acquired S. aureus infection: the presence of culture confirmed S. aureus
obtained within 48 hours of hospital admission/visit or evidence of infection on admission
and the patient did not have one or more of the following in the previous year: a history of
hospitalization, surgery, dialysis, or residence in a long term care facility, use of indwelling

catheters or other percutaneous medical devices [Wang et al., 2015].

Surgical Site infection (SSI): clinically apparent infections of post-operative wounds that
develop within 30 days of the procedure or within one year if orthopedic implant was in situ

[Mangram et al., 1999].

Multi Drug Resistant (MDR) S. aureus: S. aureus isolate resistant to three or more classes

of antimicrobials recommended for S. aureus treatment [Magiorakos et al., 2012]

2.6. Data collection

Study participants with CO-SSTIs: Data regarding socio-demographic characteristics (e.g.
sex, age, residence etc) was collected using a structured data collection form by trained
nurses (Annex III-A). Samples from community onset-SSTIs were labeled as CO-001, CO-
002, CO-003....CO-217.

Study participants with SSIs: information regarding date of infection, ward, hospital stay
etc. was collected in addition to the socio-demographic characteristics by trained nurses
(Annex III-B). Samples from surgical site infection (SSI) were labeled as S-001, S-002, S-
003...S-138.
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Dairy farm workers: Socio-demographic data, specific duty in the farm etc. were collected
using a structured data collection form by professionals in veterinary medicine (Annex III-

C). Nasal swab (NS) samples from farm workers were labeled as N-01, N-02, N-03...N-71.

Dairy cows: Data regarding dairy farm, age, parity, lactational stage, clinical findings etc.
were collected using a structured data collection form by veterinary medicine professionals

(Annex III-D). Milk samples from dairy cows were labeled C-001, C-002, C-003 ...C-384.

2.7. Specimen Collection, Handling and Transport

A. Wound specimen

Wound swab was collected from informed and consented study participants (Annex I-A, I-
C, I-D and Annex II-A, II-C, II-D) with suspected SSIs and those with community onset
open wound infection by trained nurses following Levine's technique [Levine et al., 1976]
using BD culture swab and collection system containing Amies transport media (Becton
Dickinson and Co., USA). Before collection, the wound was cleansed using normal saline
and sterile gauze. Then, wound specimens were collected by rotating the sterile culture swab
over a 1 cm” area of the viable wound tissue with sufficient pressure to extract fluid from
within the wound tissue. The culture swab was then returned back to its tube, labeled and

transported to the laboratory immediately.

B. Pus from Impetigo/Boils/Folliculitis/Carbuncle

After disinfecting the collection area using 70% alcohol, pus samples were collected from
informed and consented study participants (Annex I-A, I-C, I-D and II-A, II-C, 1I-D) by
aspiration or directly collecting from a drainage tube if an abscess was incised and drained
for medical intervention. When pus was not enough to be aspirated, pus swab was collected
using BD culture swab and collection system containing Amies transport media (Becton,
Dickinson and Company, USA) after opening the infection site. The pus/pus swab was

labeled and transported to the laboratory immediately.
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C. Nasal swab from dairy farmers

Swabs were collected from both nares of informed and consented dairy farm workers
(Annex I-B and II-B) using BD culture swab and collection system containing Amies
transport media (Becton, Dickinson and Company, USA). The sterile swab was inserted 2.5
cm (1 inch) from the edge of the nares, or until resistance is met at the level of the
turbinates. It was then rotated 5 times against the anterior nasal mucosa and repeated with
same swab in second naris. The nasal swabs were then returned back to its tube, labeled and

transported to the Ayder Referal Hopsital Microbiology laboratory immediately.

D. Milk from dairy cows
Milk was collected from each lactating dairy cow (pooled milk sample of the 4 quarters for
each cow) according to the procedures of the National Mastitis Council

(http://www.nmconline.org/sampling.htm, accession date; May 26, 2014). Briefly, the

udders of the cow was thoroughly cleaned with water and dried with a clean towel. Then teat
ends were disinfected with cotton swabs soaked in 70% alcohol and allowed to air dry. After
discarding the first streams; three to four streams of milk (1-2 ml) from each udder quarter
(4x3 = 12 streams in total from single cow) were collected in to sterile leak-proof plastic

container and transported in an ice box to the Microbiology laboratory as soon as possible.

2.8. Laboratory Procedures

All the laboratory procedures performed for phenotypic and molecular characterizations of
S. aureus isolated from humans and dairy cows’ samples are outlined in the flowchart as

shown Figure 2.2.
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Figure 2.2: Laboratory flow chart for isolation, phenotypic and molecular characterization of
S. aureus
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2.8.1. Culture and Identification of S. aureus

All specimens were processed for culture and sensitivity testing at the Microbiology
laboratory of Ayder referral hospital. Nasal swabs were initially incubated overnight in
Brain Heart Infusion (BHI) broth (Oxoid, Ltd., England). Each specimen (wound swab, pus,
10 pl of milk and 100 pl of the BHI culture broth from nasal swabs were inoculated in to
blood agar containing 5% sheep blood (Oxoid, Ltd., England) and Mannitol salt agar
(Oxoid). Inoculated plates were incubated at 35-37°C in an aerobic atmosphere for 24 hours.
After the incubation period, plates were inspected for bacterial growth; if no growth,
incubation was extended to 48 hours. Colonies suspected as S. aureus were sub-cultured
into Tryptic soy agar to get pure colonies and were identified as S. aureus based colony
characteristics, Gram stain reaction (Gram positive cocci in clusters), hemolytic reaction,

catalase test, coagulase test, DNase test and mannitol fermentation (Annex VI-A-C).

Phenotypically identified S. aureus isolates were stored in a storage media containing 20%
glycerol/BHI broth at =70 °C until they were shipped to the Ohio State University, USA for
molecular characterization. Shipping was done after gaining a material transfer agreement
(MTA) signed by Addis Ababa University and the OSU (Annex-VII) and permission from
the Ethiopian Biodiversity Institute.

2.8.2. Antimicrobial Susceptibility Testing

Following phenotypic identification, antimicrobial susceptibility testing (AST) was done for
a panel of antimicrobial agents using disc diffusion technique and E-test according to the
criteria of the Clinical and Laboratory Standards Institute [CLSI, 2014] (Annex VI-D).
Briefly, a standardized suspension of each S. aureus isolate was prepared using normal
saline and matched with the turbidity standard McFarland 0.5. The standardized suspension
was streaked on to Muller-Hinton Agar (Oxoid) using sterile cotton tip applicator stick and
allowed to dry. After that the antibiotic discs or E-test strips were placed on the medium and
incubated at 35-37°C for 16-18 hours. For cefoxitin (30 pg) disc, the incubation time was
extended to 24 hours. After the appropriate incubation time, the zones of inhibition were

measured using caliper and interpreted as sensitive, intermediate and resistant.
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For the disc diffusion method, the following antimicrobials and disc potencies were used:
Penicillin (10 IU), Cefoxitin (30 pg), Erythromycin (15 pg), Tetracycline (30 pg),
Clindamycin (2 pg), Trimethoprim-Sulphamethoxazole (1.25/23.75 pg), and Rifampin (5

Hg).

Susceptibility testing for vancomycin and Daptomycin was done using the E-test method
which determines the minimum inhibitory concentration (MIC). Inducible Clindamycin
resistance was also performed for isolates that were erythromycin resistant but clindamycin
susceptible using the double-disk diffusion test (D-test). Shortly, Clindamycin disk (2pg)
and Erythromycin disk (15pug) were placed side by side approximately 15-26 mm apart.
After overnight incubation, flattening of the zone of inhibition adjacent to the erythromycin
disk was regarded as a positive D-test (inducible clindamycin resistance). Both the MIC

determination and D-test were done and interpreted as per the CLSI criteria [CLSI, 2014].

The antimicrobial agents were selected based on the commonly prescribed antibiotics in the
country and based on class representative antimicrobials stated in the CLSI Twenty-Third
Informational Supplement on Performance Standards for Antimicrobial Susceptibility

Testing [CLSI, 2014].

2.8.3. Molecular characterizations of S. aureus Isolates

All the molecular characterizations except spa typing were done at the Infectious Diseases
Molecular Epidemiology Laboratory (IDMEL), Department of Veterinary Preventive
Medicine, College of Veterinary Medicine, The Ohio State University, USA. spa typing of
the entire S. aureus isolates was done at the Public Health Research Institute, International

Center for Public Health, The State University of New Jersey, USA.

Molecular characterizations were done on the S. aureus isolates from humans and dairy
COws to:
e Confirm phenotypically identified S. aureus isolates by nuc gene detection
e Determine the prevalence of MRSA by mecA/mecC detection and subsequently type
them by SCCmec typing,
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e Detect and identify pattern of pvl, enterotoxin genes and #sst-/

e Genotype and assess the clonal diversity and relatedness of the S. aureus isolates

I. DNA Extraction

Genomic DNA was extracted using DNeasy blood and tissue extraction kit for gram positive
bacteria (Qiagen, Valencia, CA) following the manufacturer’s instructions. Shortly, fresh
colonies of S. aureus from an overnight grown culture on Tryptic soy agar (TSA) were
harvested in to microcentrifuge containing 1.5 ml molecular grade water. The suspension
was incubated at 37 °C for 30 minutes in lysis buffer (20 mM Tris-Cl, pH 8.0; 2 mM sodium
EDTA; 1.2% Triton® X-100; lysozyme 20 mg/ml). After that, proteinase K and Buffer AL
were added, mixed and incubated at 56°C for 30 minutes. Then, Ethanol (99.5%) was added
and the mixture was pipetted in to DNeasy Mini spin column, centrifuged at 8000 rpm for 1
minute and the flow-through was discarded. The spin column was then placed in a new
collection tube, 500 pl Buffer AW1 was added, centrifuged at 8000 rpm for 1 minute and
flow-through was again discarded. The DNeasy Mini spin column was then placed in a new
collection tube, 500 ul Buffer AW?2 was added, centrifuged at 14,000 rpm for 3 minute and
flow-through was discarded. Finally, the DNeasy Mini spin column was placed in a clean
1.5 ml microcentrifuge tube, 100 ul molecular grade water was added, incubated at room
temperature for 1 minute, and then centrifuged at 8000 rpm for 1 minute to elute. The elute

was placed at -20 °C until used (Annex VI-E).

II. nuc gene detection

Phenotypically identified S. aureus isolates were confirmed by the detection of the
thermonuclease coding gene, nuc according to [Brakstad et al., 1992]. PCR amplification
was performed on 25 pl reaction where 1 pl of each forward, reverse and template DNA and
22 wl of molecular grade water were added to the beads carefully and mixed well. The
amplification included initial denaturation at 95°C for 4 minutes followed by 37 cycles
(DNA denaturation at 95°C for 1 min, primer annealing at 55°C for 0.5 minute, DNA
extension at 72°C for 1.5 minutes), and final extension at 72°C for 3.5 minutes. The PCR
products were stored at 4°C until they were used. The sequences of the forward and reverse

primers  from 5’ to 3 were  GCGATTGATGGTGATACGGTT  and
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AGCCAAGCCTTGACGAACTAAAGC respectively. The expected amplified product size
was 267 bp. A Negative control containing all the PCR mix except the template DNA and
ATCC 29213 as a positive control were included in each PCR reaction [Annex V-A].

III. Multiplex PCR for the detection of spa, pvl, mecA, mecC genes

Detection of spa, pvl, mecA and mecC was performed as previously described protocol by
[Stegger et al., 2012] in 25 pl reaction using the illustra PuReTaq Ready-To-Go PCR Beads
(GE Healthcare Bio-Sciences, USA) [Annex V-B].

The following were added to the beads: 0.5 pl of each forward primer (2 pl total), 0.5 pl of
each reverse primer (2 pl total), 2 pl of template DNA and 19 pl of molecular grade water. It
was mixed by vortexing and amplified using PTC-100 thermocycler (MJ research inc.,
USA). The PCR conditions were: DNA denaturation at 94°C for 5 minutes followed by 30
cycles (DNA denaturation at 94°C for 30 seconds, primer annealing at 59°C for 1 minute,
DNA extension at 72°C for 1 minute) and final elongation at 72°C for 10 minutes. The PCR
products were stored at 4°C until they were used. Negative control containing all the PCR
mix except the template DNA and positive controls were included in each PCR reaction.
The control Strains and primers are listed in Table 2.1.

Table 2.1: Control strains and primer pairs for the multiplex PCR to detect spa, pvl, mecA,
mecC genes of S. aureus isolated from humans and animals, Mekele, Ethiopia

Control strains

Strain Target genes possessed
ATCC43300 spa, mecA
MW?2 spa, pvl
LGA251 spa, mecC
Primers pairs
Genes Nucleotide sequence (5°— 3°) Amplified
. Refe.
product size (bp)
spa-1113F TAAAGACGATCCTTCGGTGAGC Variable ~
spa-1514R CAGCAGTAGTGCCGTTTGCTT (200-600 bp) =
pvl-F GCTGGACAAAACTTCTTGGAATAT 93 j
pvI-R GATAGGACACCAATAAATTCTGGATTG N
mecA P4 TCCAGATTACAACTTCACCAGG 162 ;
mecA P7 CCACTTCATATCTTGTAACG e
mecArca2s; MultiFP | GAAAAAAAGGCTTAGAACGCCTC 138 %
mecArca2s; MultiRP | GAAGATCTTTTCCGTTTTCAGC —
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IV.  Multiplex PCR for the detection of S. aureus superantigen genes (sea, seb, sec,
sed, see, seg seh, sei, sej, tsst)

Detection of S. aureus enterotoxin and toxic shock syndrome toxin genes was performed in
2 sets of multiplex PCRs as described by [Lovseth et al., 2004]. Set 1 included sea, seb, sec,
seh, sej and set 2 included sed, see, seg, sei, tsst-1). Each set of the multiplex PCR was done
in 25 ul PCR reactions using the illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare
Bio-Sciences, USA) (Annex V-C, V-D).

Table 2.2: Control strains and primer pairs for the multiplex PCR to detect
superantigen genes of S. aureus isolated from humans and animals, Mekele, Ethiopa

Control strains

Reference strains Target genes possessed
ATCC 14458 seb
ATCC 13565 sea
ATCC 25923 seg, sei
ATCC 23235 sed, seg, sei, sej
ATCC 19095 sec, seh, seg, sei
ATCC 27664 see
NRS 383 seg, sei, tsst
Primers pairs
Primers Nucleotide sequence (5°— 3°) product size (bp) Ref.
sea-F GCAGGGAACAGCTTTAGGC 571
sea-R GTTCTGTAGAAGTATGAAACACG
_ seb-F ACATGTAATTTTGATATTCGCACTG 667
o | seb-R TGCAGGCATCATGTCATACCA
; sec-F CTTGTATGTATGGAGGAATAACAA 284
O | sec-R TGCAGGCATCATATCATACCA
E seh-F CAACTGCTGATTTAGCTCAG 359 ey
seh-R GTCGAATGAGTAATCTCTAGG S
sej-F CATCAGAACTGTTGTTCCGCTAG 142 S
sej-R CTGAATTTTACCATCAAAGGTAC N
sed-F GTGGTGAAATAGATAGGACTGC 385 ;:
sed-R ATATGAAGGTGCTCTGTGG o
~ see-F' TACCAATTAACTTGTGGATAGAC 171 E
o | see-R CTCTTTGCACCTTACCGC —
; seg-F CGTCTCCACCTGTTGAAGG 328
O | seg-R CCAAGTGATTGTCTATTGTCG
S [sei-F CAACTCGAATTTTCAACAGGTACC 166
sei-R CAGGCAGTCCATCTCCTG
tsst-F GCTTGCGACAACTGCTACAG 559
tsst -R TGGATCCGTCATTCATTGTTAT

*MPCR: Multiplex PCR
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PCR mix for set 1 was prepared by adding 4.25 ul of forward primers (sea 0.75ul, seb
0.75ul, sec 1 pl, seh 1 pl, sej 0.75ul), 4.25 pl of reverse primers (sea 0.75ul, seb 0.75ul, sec
1 ul, seh 1 pl, sej 0.75ul = 4.25 pl) primers, 4 pl of template DNA and 12.5 pl molecular
grade water to the beads. For set 2, the PCR mix was prepared by adding: 4ul of forward
primers (sed 0.75ul, see 0.75ul, seg 0.75ul, sei 0.75ul, tsst 1 ul), 4ul of reverse primers (sed
0.75ul, see 0.75ul, seg 0.75ul, sei 0.75ul, tsst 1 ul), 4 pl of template DNA and 13 ul of
molecular grade water to the beads. Amplification was performed using the PTC-100
thermocycler (MJ research inc., USA) by initial denaturation for 10 minutes at 95°C
followed by 15 cycles (95°C for 1 minutes, 66°C for 45 seconds, 72° for 1 minutes), 20
cycles (95°C for 1 minutes, 63°C for 45 seconds, 72° for 1 minutes), and a final extension at
72°C for 10 minutes. The PCR products were stored at 4°C until they were used. Negative
control containing all the PCR mix except the template DNA and positive controls were
included in each PCR reaction. The nucleotide sequence of the forward and reverse primers

and control strains are shown in Table 2.2.

V. SCCmec typing

SCCmec typing was performed according to previously described multiplex PCR by [Kondo
et al., 2007]. Three sets of multiplex PCRs were used for SCCmec type assignment and
SCCmec IV sub-typing. The 13 MPCR was used to identify ccr gene types; the 2™ MPCR to
identify mec classes, and 3 MPCR to identify specific open reading frames in the J1
regions of type I and IV SCCmec elements. The SCCmec element type was defined by the
combination of ccr type and mec class. The primers used for the SCCmec typing are shown

in Table 2.3.

The 1% MPCR was used to identify the five types of ccr genes (ccrl-ccr5) (Annex V-E). Ten
primers were used in this PCR where two were used to identify mecA (internal amplification
control) and eight to identify the five ccr genes. PCR mixture was prepared by adding 0.5 ul
of each the 10 primers (5 pl in total), 1 pl of template DNA and 19 pl of molecular grade
water to the illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences,
USA).
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Table 2.3: Control strains and primers for S. aureus SCCmec typing of MRSA isolated
from humans and animals, Mekele, Northern Ethiopia

Control strains

Reference strains

Target gene/s possessed

N315, JCSC3063

Type 2 ccr, class A mec = SCCmec type 11

85/2082 Type 3 ccr, class A mec = SCCmec type 111
MW?2 Type 2 ccr, class B mec = SCCmec type IV
WIS Type 5 ccr, class C2 mec = SCCmec type V
HDE288 Type 4 ccr, class B mec = SCCmec type VI
ST02984 Type [Va
STO2985 Type IVb
STO2986 Type IVc
Primers
Primer list | Nucleotide sequence (5°— 3°) Detected gene (Primer size Ref
pair) (bp)
mAl TGCTATCCACCCTCAAACAGG
mA2 | AACGTTGTAACCACCCCAAGA mecA (mAl- mA2) 286
ol AACCTATATCATCAATCAGTACGT ccrdl-ccrB (al- fc) = 695
type 1 ccr
o?2 TAAAGGCATCAATGCACAAACACT ccrd42-cerB (a2- fc) = 937
= type 2 ccr
8 o3 AGCTCAAAAGCAAGCAATAGAAT crA3-ccrB (a3- fc) = 1.791
= type 3 ccr ’
pe ATTGCCTTGATAATAGCCITCT
04.2 GTATCAATGCACCAGAACTT ccrd4-ccrB4 (04.2- 4.2) 1287
p4.2 TTGCGACTCTCTTGGCGTTT = type 4 ccr ’
YR CCTTTATAGACTGGATTATTCAAAATAT | ccrC (yR - yF) =type 5 518 =
yF CGTCTATTACAAGATGTTAAGGATAAT cer S
ml6 CATAACTTCCCATTCTGCAGATG mecA-mecll (mzix 7-ml6) = 1.963 ‘\'_n
class ’ =
%‘ 157 ATGCTTAATGATAGCATCCGAATG mecA-1S1272 (mA7-1S7) 2827 §
= class B ’ st
E 1S2(iS- | TGAGGTTATTCAGATATTTCGATGT mecA-1S431 (mA7-1S2 204 E
2) [iS§-2]) = class C —
mA7 ATATACCAAACCCGACAACTACA
la3 TTTAGGAGGTAATCTCCTTGATG E007 in type 1.1 SCCmec 154
la4 ITTTGCGTTTGCATCTCTACC (la3-la4)
4al TTTGAATGCCCTCCATGAATAAAAT CQO02 in type IV.1 (IVa) 458
en | 4a3 AGAAAAGATAGAAGTTCGAAAGA SCCmec (4al-4a3)
% 4b3 AACCAACAGTGGTTACAGCTT MOO01 in type IV.2 (IVb) 726
& | 4b4 CGGATTTTAGACTCATCACCAT SCCmec (4b3-4b4)
2 4c4 AGGAAATCGATGTCATTATAA CROO8 in type IV.3 (IVc) | 259
4c5 ATCCATTTCTCAGGAGTTAG SCCmec (4c4-4c5)
4d3 AATTCACCCGTACCTGAGAA D002 in type IV .4 1,242
d4 AGAATGTGGTTATAAGATAGCTA (IVd) SCCmec (4d3-4d4)
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Amplification condition for the 1* MPCR included: initial denaturation at 94°C for 2
minutes; 30 cycles (denaturation at 94°C for 2 minutes, annealing at 57°C for 1 minutes, and
extension at 72°C for 2 minutes); and a final elongation at 72°C for 2 minutes. Negative
control containing all the PCR mix except the template DNA and positive controls were

included in each PCR reaction as shown in Table 2.3.

The 2™ MPCR for the assignment of the 3 mec classes (class A to class C) contained four
primers to identify the gene lineages of mecA-mecl (class A mec), mecA-1S1272 (class B
mec), and mecAIS431 (class C mec) (Annex V-F). The PCR mixture was prepared by adding
0.5 pl of each the 4 primers (2 pl in total), 1 pl of template DNA and 22 pl of molecular
grade water to the illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences,
USA). Amplification conditions included: initial denaturation at 94°C for 2 minutes; 30
cycles (denaturation at 94°C for 2 minutes, annealing at 60°C for 1 minutes, and extension
at 72°C for 2 minutes); and a final elongation at 72°C for 2 minutes. Negative control
containing all the PCR mix except the template DNA and positive controls were included in

each PCR reaction as shown Table 2.3.

Table 2.4: Interpretation of MPCR1 and MPCR2 for the assignment of SCCmec types

MPCRI (ccr type) MPCR2 (mecA class) SCCmec type Reference
1 B I

A 11
A 111
v
2 \%

VI

[Kondo et al., 2007]

AW
W QA

The 3" MPCR which was used for SCCmec IV sub-typing, contained five primer pairs
(Annex V-G): one pair for identifying specific ORF in the J1 region of type I SCCmec
elements and four pairs for identifying specific ORFs in the J1 regions of four subtypes of
type IV SCCmec elements. PCR mixture was prepared by adding 0.5 pl of each the 10
primers (5 pl in total), 1 pl of template DNA and 19 pl of molecular grade water to the
illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA).
Amplification conditions included: initial denaturation at 94°C for 2 minutes; 30 cycles

(denaturation at 94°C for 2 minutes, annealing at 60°C for 1 minutes, and extension at 72°C
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for 2 minutes); and a final elongation at 72°C for 2 minutes. Negative control containing all
the PCR mix except the template DNA and positive controls were included in each PCR

reaction as shown in Table 2.4.

VI. Agarose gel electrophoresis

All nuc gene and multiplex PCR products were analyzed using agarose gel electrophoresis.
First, 2% Agarose gel was prepared by adding 2g of agarose powder to 100 ml 1x Tris-
acetate-EDTA (TAE) in a microwavable flask. The solution was microwaved for 1-3
minutes until the agarose was completely dissolved. The agarose solution was cooled down
to about 50°C and then Ethidium bromide (EtBr) was added to a final concentration of
approximately 0.2-0.5 pg/ml (2-3 ul of lab stock solution per 100 ml gel). The agarose was
poured into a gel tray with the well comb in place and allowed to completely solidify at
room temperature for 20-30 minutes. Once solidified, the agarose gel was placed into the gel
box (electrophoresis unit). The gel box was filled by 1x TAE until the gel was covered.
Then a loading buffer was added to each of the PCR product samples. A molecular weight
ladder was carefully loaded into the first lane of the gel, a negative control to the second
lane and samples into the rest of the wells of the gel. The gel tank was closed with its lid and
electrical leads were attached. The gel was run at 100 volts for 100 minutes. Then, the power
was turned off, electrodes were disconnected from the power source, and the gel was
carefully removed from the gel box, placed directly on a transilluminator for visualization of
bands. For the nuc PCR, 1% agarose was used and the gel run was at 90 V for 60 minutes.

The agarose gel electrophoresis protocol is shown in Annex VI-F.

VII. spa typing

spa-typing was performed for all confirmed S. aureus isolates as described previously by
[Shopsin ef al., 1999] at the Public Health Research Institute, International Center for Public
Health, Rutgers, The State University of New Jersey. Shortly, the polymorphic X region of
spa gene was amplified by PCR and sequenced. Sequences were analyzed using Ridom
Staph-Type software (Ridom GmbH), which automatically detects spa repeats and assigns a
spa-type according to the Ridom Spa Server (http://spaserver.ridom.de/).
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2.9. Quality Control

Pre-testing: Before the actual data collection, data collection sheets were pre-tested to
ensure that whether the questions were understandably phrased; study participants

understood the questions and instructions.

Specimen collection and transport: Sample collectors were trained on how to collect each
sample (wound swab, pus, milk and nasal swab) and were instructed to follow standard
operating procedure (SOP). Laboratory samples (wound swab, pus and nasal swabs) were
collected using the BD culture swab and collection system (Becton, Dickinson and
Company, USA) containing Amies transport media and milk samples were transported to

the laboratory in an ice box within 6 hours of collection.

Laboratory processing of samples, culturing and sensitivity testing: Standard operating
procedures (SOPs) and quality control measures were strictly followed. Culture Medias
were sterilized based on the manufacturers’ instructions. Sterility of culture media was
cheeked by incubating 5% of the batch at 35-37°C overnight and observed for bacterial
growth. If growth was observed the culture media were totally discarded. The quality of the
culture media, gram stain and antimicrobial discs were checked using standard reference
strains of S. aureus ATCC 29213 (MSSA), S. aureus ATCC 25923 and Escherichia coli
(ATCC 25922).

Molecular techniques: Molecular tests were performed according to manufacturer

instructions and standard operating procedures.

2.10. Data analysis

Data was entered into excel spreadsheet, cleaned and exported to SPSS software version 20
for analysis according to the study objectives. Descriptive analysis such as frequencies,
means, proportions, standard deviations and graphs were calculated to describe some
variables. Bivariate analyses such as x* test were used to describe the association between
independent and dependent variables. P-value<(.05 was considered as cut off point for

significant association.
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2.11. Ethical consideration

This PhD research project was approved and ethically cleared in the following order by:

e Department Ethical Review Committee (DERC) of the Microbiology, Immunology
and Parasitology (DMIP), CHS, AAU, Ethiopia
e Institutional Review Board (AAU-IRB) of the Colleges of Health Sciences, Addis
Ababa University, Ethiopia
e National Research Ethics Review Committee (NERC), Ministry of Science and
Technology, Ethiopia
e Institutional Review Board of the Colleges of Health Sciences, Mekele University,
Ethiopia.
In addition, permission was obtained from Tigray regional state health bureau, and the
agriculture and development bureau of the region. Permission from dairy farm owners was

obtained before collection of milk samples.

Written informed consent was obtained from each adult study participants. For children less
than 18 years old, written informed consent was obtained from their parents/guardian. In
addition, assent was also obtained for study participants between 12 and 18 years old. The
aim of the study, its significance, confidentiality, participation right, procedure and
associated risks were explained through an information sheet. Culture and sensitivity results
were promptly reported to the attending physician for patient care. Moreover, findings of the
present study will be communicated with responsible bodies for prevention and control
measures and will be published on National and International Journals to disseminate

information.
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CHAPTER THREE: RESULTS

In this study a total of 811 non-duplicate specimens were obtained for S. aureus culture and
identification; 355 wound/pus specimens from human skin and soft infections (SSTIs), 71

nasal swabs from dairy farmers and 385 milk samples from dairy cows.

3.1. Sociodemographic characteristics of the study participants

A. Human study participants with skin and soft tissue infections (SSTIs)

Among the 355 study participants with SSTIs, 217 (61%) were with clinically suspected
community onset and 138 (39%) with hospital acquired infections. Majority of the study
participants in this group were males constituting 219/355 (61.7%). The age of the study
participants ranged from 3 months to 90 years and the mean age was 30.5 years. Majority of
them were between the age of 16-30 years (146/355, 41.1%) followed by 31-45 years
74/355, 20.8%), above 45 years (70/355, 19.7%) and less than 15 years (65/355, 18.3%).
About two third (222/355, 62.5%) came from urban area and obtained from 3 regional
states; namely Tigray (329/355, 92.7%), Amhara (21/355, 5.9%) and Afar (5/355, 1.4%).
Highest numbers of the study participants were from the Dermatology department of Ayder
referral hospital (149/355, 42%) followed by adult Surgical ward (109/355, 30.7%),
Orthopedic ward (73/355, 20.6%), Gynecology and Obstetrics ward 10/355 (2.8%),
Pediatrics ward 9/355 (2.5%) and Medical ward 5/355 (1.4%) (Table 3.1).

I.  Study participants with community onset SSTIs (human)

The community onset (CO)-SSTIs in this study included impetigo, folliculitis, furuncle,
carbuncle, secondary bacterial infections of the skin and any infected open wound where
onset of the infection was in the community. Of the 217 study participants suffering from
community onset SSTIs, 138 (63.6%) were males. More than 70% of them were 30 years
old or younger and around 30% were below 16 years old. Majority of them came from urban
area (137/217, 63%) and were obtained from three hospital departments/wards;
Dermatology OPD (149/217, 68.7%), orthopedics ward (63/217, 29%) and medical ward
(5/217, 2.3%) as shown in Table 3.1.
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IL. Study participants with surgical site infections (SSI)

The hospital acquired (HA) SSTIs included 138 clinically suspected surgical site infections

(SSIs) occurred in the hospital after surgery but before discharge. Of the 138 study

participants suffering from SSIs, 81 (59%) were males. Almost all of the participants
(137/138, 99.3%) were above 15 years old and 40/138 (29%) were older than 45 years. Most

of the study participants were from urban area (85/138, 61.6%). They were obtained from
the adult surgical ward (109/138, 79%), Gynecology and obstetrics ward (10/138, 7.2%),
Orthopedics ward (10/138, 7.2%) and pediatric surgical ward (9/138, 6.5%) (Table 3.1).

Table 3.1: Sociodemographic characteristics of study participants with SSTIs in Ayder
Referral Hospital, Mekele, Northern Ethiopia

Variables SSTIs* (n=355) Total,
CO-SSTI (n=217) ‘ SSI (n=138) (n=355) (%)
Sex
Male 138 (63.6) 81 (58.7) 219 (61.7)
Female 79 (36.4) 57 (41.3) 136 (38.3)
Age
<15 years 64 (29.5) 1(0.7) 65 (18.3)
16-30 years 90 (41.5) 56 (40.6) 146 (41.1)
31-45 33 (15.2) 41 (29.7) 74 (20.8)
>45 30 (13.8) 40 (29.0) 70 (19.7)
Residence
Rural 80 (36.9) 53 (38.6) 133 (37.5)
Urban 137 (63.1) 85 (61.6) 222 (62.5)
Region
Tigray 205 (94.5) 124 (89.9) 329 (92.7)
Amhara 10 (4.6) 11 (8.0) 21 (5.9)
Afar 2(0.9) 3(2.2) 5(1.4)
Hospital ward/Department
Surgical A (Adult) 0(0) 109 (79.0) 109 (30.7)
Dermatology 149 (68.7) 0(0) 149 (42)
GynyObs 0(0) 10 (7.2) 10 (2.8)
Orthopedics 63 (29.0) 10 (7.2) 73 (20.6)
Surgical B (Pediatrics) 0(0) 9(6.5) 9(2.5)
Medical 5(2.3) 0(0) 5(1.4)

*SSTIs: Skin and Soft Tissue Infections
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B. Lactating Dairy cows

A total of 385 dairy cows were included in the study. The dairy cows were selected from a
total of 67 Small and large scale dairy farms located in 3 sub-cities of Mekele. About half of
the cows were from Hawolti (200/385, 51.8%) and the rest were from Semen (101/385,
26.2%) and Hadnet (84/385, 21.8%). The age of the cows ranged from 3-14 years with the
mean age of 5.9 years. Majority of the cows fall within the age group of 3-5 years (178/385,
46.2%) followed by 6-8 years (168/385, 43.6%) and >9 years (39/385, 10.1%). The parity of
the cows ranged from 1-11 where two third (254/385, 66%) gave birth to 1-3 calves. More
than half of the cows (203/385, 52.7%) had less than three months of lactation stage. Twelve
cows (3.1%) had taken antibiotics within the past one year. Milking process was conducted

manually in all lactating cows (Table 3.2).

Table 3.2: Characteristics of Dairy cows from 67 small and large scale dairy farms in
Mekele, Northern Ethiopia

Sub-city and number of lactating cows Total, n/385 (%)
Variables Hadnet Hawolti Semen
(n=84) (%) (n=200) (%) (n=101) (%)
Age group in years
3-5 years 39 (46.4) 94 (47.0) 45 (44.6) 178 (46.2)
6-8 years 34 (40.5) 87 (43.5) 47 (46.5) 168 (43.6)
>9 years 11(13.1) 19 (9.5) 9(8.9) 39 (10.1)
Parity
1-3 52 (61.9) 135 (67.5) 67 (66.3) 254 (66.0)
4-6 28 (33.3) 53 (26.5) 32 (31.7) 113 (29.4)
>6 4 (4.8) 12 (6.0) 2 (2.0) 18 (4.7)
Lactation
<3 month 59 (70.2) 90 (45.0) 54 (53.5) 203 (52.7)
3-6 month 25 (29.8) 63 (31.5) 39 (38.6) 127 (33.0)
>6 month 0(0) 47 (23.5) 8(7.9) 55(14.3)
Antibiotics intake within the last 1 year
Yes 0(0) 11(5.5) 1 (1.0) 12 (3.1)
No 84 (100) 189 (94.5) 100 (99.0) 373 (96.9)
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C. Dairy farmers

Data was collected from 71 dairy farmers working in the 67 dairy farms.
More than three fourth (55/71, 77.5%) of the workers were males and majority of them were
attendants (62/71, 87.3%). Their age ranged from 17 to 63 years with the mean age of 29
years. Their work experience in the current farm ranged from 1 month to 40 years where
more than 70% had less than or equal to 5 years of experience. None of them had taken any
antibiotics in the past two weeks (Table 3.3).

Table 3.3: Sociodemographic characteristics of Dairy farm workers from 67 small and
large scale dairy farms in Mekele, Northern Ethiopia

Variables Frequency (n) Percent (n/71*100)
Sex
Male 55 77.5
Female 16 22.5
Age in years, n=71
17-27 45 63.4
28-38 10 14.1
39-49 7 9.9
50-63 9 12.7
Farm Duty, n=71
Attendant 62 87.3
Owner 9 12.7
Work experience in the current dairy farm, n=71
<5 years 50 70.4
6-10 years 14 19.7
11-15 years 1 1.4
16-20 years 4 5.6
>21 years 2 2.8

3.2. Isolation rate of Staphylococcus aureus

S. aureus was isolated from different specimens obtained from 193 of the 811 study
participants with an overall prevalence of 23.8%. The prevalence of S. aureus varies with

study group where a higher isolation rate was documented from study participants with skin
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and soft tissue infections (123/355, 34.6%) followed by dairy farmers (22/71, 31%) and
dairy cows (48/385, 12.5%). Moreover, S. aureus was isolated from 88/217 (40.5%) of study
participants with community-onset SSTIs as compared to 35/138 (25.4%) from participants
with hospital-onset SSTIs (Table 3.4).

Table 3.4: Frequency of S. aureus isolation from the different study groups in Mekele,
Northern Ethiopia

Total samples Number of S. o
AT A processed aureus isolated Mt ()

CO-SSTI 217 88 88/217 (40.5)

Participants
138 35 35/138 (25.4)

with SSTI

Sub-total 355 123 123/355 (34.6)
Dairy farmers (DF) 71 22 22/71 (31.0)
Dairy cattle (DC) 385 48 48/385 (12.5)
Total (SSTI+DF+DC) 811 193 193/811 (23.8)

Key: CO-SSTI= Community onset skin and soft tissue infection, SSI = surgical site
infection

3.3. Antimicrobial susceptibility data

All the S. aureus isolates (n=193) were tested for a panel of nine antimicrobial agents.
Overall, higher frequency of resistance was recorded for penicillin (179/193, 92.7%)
followed by tetracycline (74/193, 38.3%), trimethoprim-Sulphamethoxazole (61/193,
31.6%), trythromycin (36/193, 18.7%), clindamycin (10/193, 5.2%) and cefoxitin (4/193,
2.1%). No resistance was observed against vancomycin, daptomycin and rifampin. Among
the four cefoxitin resistant (Methicillin resistant S. aureus, MRSA) isolates, three were from
human study participants with Skin and soft tissue infections and one from nasal of dairy
farmer. No MRSA was isolated from milk of the dairy cows (Table 3.5). Resistance to
erythromycin (31/193, 25%, p= 0.002) and trimethoprim-Sulfamethoxazole (50/193, 40.7%,
p=0.001) was found significantly higher among human clinical isolates than dairy farm
isolates.

Overall, 183/193 (94.8%) of the isolates were resistant to at least one of the tested nine

antimicrobial agents. Seventy six (39.4%) isolates were resistant to only one antimicrobial
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agent and 107/193 (55.4%) were resistant to two or more antimicrobial classes (Figure 3.1

and Table 3.6).

Table 3.5: Antimicrobial susceptibility profile of 193 S. aureus isolates from human
and dairy cows in Mekele, Northern Ethiopia

Antibiotic & . SSTIs* Dairy Dairy
Interpretation Total
Concentration CO-SSTI HA-SSTI Sub-total farmers cows
S* 7(8.0) 1(2.9) 8(6.5) 2(9.1) 4(8.3) 14(7.3)
Penicillin (10pg)
R* 81(92.0)  34(97.1) 115(93.5) 20(90.9) 44(91.7) 179(92.7)
S 86(97.7) 34(97.1) 120(97.6) 21(95.5) 48(100) 189(97.9)
Cefoxitin (30pg)
R 2(2.3) 1(2.9) 3(2.4) 1(4.5) 0(0) 4(2.1)
S 58(65.9)  20(57.1)  78(63.4) 18(81.8) 44(91.7) 140(72.5)
Erythromycin
(15pg) I* 12(13.6) 2(5.7) 14(11.4) 0(0) 3(6.2) 17(8.8)
: R 18(20.5) 13(37.1)  31(25.2) 4(18.2) 1(2.1) 36(18.7)
S 81(92.0) 30(85.7) 111(90.2) 22(100) 47(97.9) 180(93.3)
Clindamycin
2ng) I 2(1.7) 1(2.9) 3(2.4) 0(0) 0(0) 3(1.6)
He R 5(5.7) 4(7.3) 9(7.3) 0(0) 1(2.1) 10(5.2)
S 50(56.8)  23(65.7)  73(59.3) 15(68.2) 28(58.3) 116(60.1)
Tetracycline
30ug) I 0(0) 0(0) 0(0) 0(0) 3(6.2) 3(1.6)
(S0he R 38(43.2) 12(34.3)  50(40.7) 7(31.8) 17(35.4) 74(38.3)
Trimethoprim- S 46(52.3) 19(54.3)  65(52.8) 16(72.7) 41(85.4) 122(63.2)
Sulfamethoxazole I 7(8.0) 1(2.9) 8(6.5) 0(0) 2(4.2) 10(5.2)
(1.25/23.75 pg) R 35(39.8) 15(42.9)  50(40.7) 6(27.3) 5(10.4) 61(31.6)
S 88 (100) 35(100)  123(100) 22(100) 48(100) 193(100)
Rifampin (S5pg)
R 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Vancomycin S 88 (100) 35(100)  123(100) 22(100) 48(100) 193(100)
E-test R 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Eatpt‘t’myci“ S 88 (100)  35(100) 123(100) 22(100) 48(100) 193(100)
-tes

Key: CO-SSTI: Community onset Skin and Soft Tissue Infection; HA-SSTI: Hospital
Acquired Skin and Soft Tissue Infection, S: Sensitive; I: Intermediate; R: Resistant

Multidrug drug resistance (resistance to three or more antimicrobial classes) was

documented on 50/193(25.9%) of the isolates. The frequency and percentage of resistance to

two, three, four, five and six antimicrobial agents was 57/193(29.5%), 32/193(16.6%),
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11/193(5.7%), 5/193(2.6%) and 2/193(1.0%), respectively. The methicillin resistant S.

aureus (MRSA) isolates were resistant to at least four classes of antimicrobials where two of

them were resistant to six antimicrobials (Figure 3.1 and Table 3.6).

Table 3.6: Antibiogram profile of 193 S. aureus isolates from humans and dairy cows
in Mekele, Northern Ethiopia

Resistance to Antimicrobials Number of strains Percent (%)

RO 10 5.2
P 72 37.3
T 2 1.0
P+E 9 4.7
P+SXT 21 10.9
P+T 29 15.0
P+E+CL 1 0.5
P+E+SXT 4 2.1
P+E+T 6 3.1
P+T+SXT 23 11.9
P+CF+E+T 1 0.5
P+E+CL+SXT 2 1.0
P+E+CLA+T 2 1.0
P+E+T+SXT 5 2.6
P+CF+E+T+SXT 1 0.5
P+E+CL+T+SXT 3 1.6
P+CF+E+CL+T+SXT 2 1.0
Total 193 100

Key: RO: susceptible to all, P: penicillin, CF: cefoxitin, CL: clindamycin, E: Erythromycin,
SXT: Trimethoprim-Sulphamethoxazole, T: tetracycline

Figure 3.1: Resistance pattern out of the nine antimicrobials tested for the 193 S.
aureus isolates from human and dairy cows in Mekele, Northern Ethiopia.
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3.4. Toxin genes profile of S. aureus isolates

A. Overall toxin genes detected

All the S. aureus isolates (n=193) were tested for the presence of 11 major toxin genes;

panton-valentine leukocidin toxin (pv/), toxic shock syndrome toxin-1 (#ssz-7), and nine

major staphylococcal enterotoxins (sea, seb, sec, sed, see, seg, seh, sei, sej). Among the 193

S. aureus isolates, 129 (66.8%) possessed at least 1 of the 11 targeted toxin genes.

Staphylococcal enterotoxin genes (se) were detected in 108/193 (56%) isolates and classical

enterotoxin genes in 74/193 (38.3%) of the isolates as shown in Table 3.7.

Table 3.7: Percentage of toxin genes positivity of the 193 S. aureus isolates from human
and dairy cows in Mekele, Northern Ethiopia

Toxin genes

Possession of at least

one of 11 toxin genes

Possession of at least
one of the nine
enterotoxin genes
Possession of at least
one of the five
classical enterotoxin

genes

Sources of isolate

Human Nares of Milk of Total
p-value
SSTIs dairy farmers  dairy cows (n=193)
(n=123) (n=22) (n=48)
Yes 100 (81.3%) 14 (63.6%) 15 (31.2%) 129 (66.8%) 0.001
<0.
No 23 (18.7%) 8 (36.4%) 33 (68.8%) 64 (33.2%)
Yes 81(65.9%) 12 (54.5%) 15 (31.2%) 108 (56%)
<0.001
No 42 (34.1%) 10 (45.5%) 33 (68.8%) 85 (44%)
Yes 60 (48.8%) 8(36.4%) 6(12.5%) 74 (38.3)
<0.001
No 63(51.2%) 14 (63.6%) 42 (87.5%) 119(61.7%)

As shown in Table 3.8, the most frequently detected toxin gene was pv/ (71/193, 36.8%),
followed by seg (56/193, 29%), sei (56/193, 29%), seb (37/193, 19.2%), sea (31/193, 16%)
and sec (29/193, 15%). seh (8/48, 16.7%) followed by sea (5/48, 10.4%) and sej (5/48,

10.4%) were the most frequently detected toxin genes from milk of dairy cows.
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Table 3.8: Toxin genes profile of the 193 S. aureus isolates from human and dairy cows
in Mekele, Northern Ethiopia

Sources of isolates
Toxin genes | Human SSTIs | Nares of dairy | Milk of dairy | Total n=193) | p-value
(n=123) farmers (n=22) | cows (n=48)
y Yes 66 (53.7%) 3 (13.6%) 242%)  T1(G68%) _
P No  57(463%)  19(86.4%) 46(95.8%)  122(632%)
g Yes 15(12%) 4 (182%) 0 (0%) 1908%)
No  108(88%)  18(81.8%) 48 (100%) 174 (902%)
N Yes 24 (19.5%) 209.1%) 5 (10.4%) 3LA6%)
No  99(80.5%)  20(90.9%) 43 (89.6%) 162 (84%)
, Yes | 28 (22.8%) 5 (22.7%) 4B3%)  37(92%) oo
5¢ No  95(772%)  17(773%) 44(91.7%) 156 (80.8%)
o Yes 22 (18%) 3 (13.6%) 4 (8.3%) 20(015%) o
No 101 (82%) 19 (86.4%) 44 (91.7%) 164 (85%)
L Yes 11 (9%) 1 (4.5%) 4 (8.3%) 16B3%) o
Sé .
No  112(91%)  21(955%) 44(91.7%) 177 (91.7%)
o Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%)
No 123(100%)  22(100%)  48(100%) 193 (100%)
Yes | 46 (37.4) 6 (27.3%) 4 (8.3%) 56 29%)
Se .
& No  77(62.6%)  16(72.7%) 44 (91.7%) 137 (71%)
. Yes 19 (15.4%) [@5%)  8(167%)  28(145%)
No 104 (84.6%)  21(95.5%) 40(833%)  165(85.5%)
, Yes | 46 (37.4%) 6 (27.3%) 4 (8.3%) 56 29%)
e No  77(62.6%) 16 (72.7%) 44 (91.7%) 137 (11%)
, Yes 14 (11.4%) 201%)  5(104%)  21(109%)
5 No | 109 (88.6%) | 20(90.9%) | 43(89.6%)| 172(89.1%)|

SSTIs: Skin and Soft Tissue Infections

B. Combination of toxin genes detected

Out of the 193 S. aureus isolates, 43 (22.3%) carried only one of the 11 targeted toxin genes
and 86/193 (44.6%) possessed two or more (2-8). Among the S. aureus isolates carrying two
or more toxin genes, 28/193 (14.5%) had two, 19/193 (9.8%) had three, 19/193 (9.8%) had
four, 5/193 (2.6%) had five, 1/193 (0.5%) had six, 11/193 (5.7%) had seven and 3/193
(1.5%) had eight toxin genes (Figure 3.2).
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Table 3.9: Combinations of toxin genes carried by S. aureus isolates from different
sources, Mekele Northern Ethiopia

No of toxi'n et e (el S et Source of isolates Total Percent

genes carried Milk | Nasal | SSTI (T/193*%100)
0 None 33 8 23 64 33.2
pvl 0 2 19 21 10.9

sea 0 1 3 4 2.1

1 seb 0 2 1 3 1.6
seh 8 1 4 13 6.7

sej 1 1 0 2 1.0

pvl+tsea 2 0 10 12 6.2

pvl+seb 0 0 1 1 0.5

pvl+sec 0 0 1 1 0.5

) pvl+seh 0 0 2 2 1.0
pvltsej 0 0 3 3 1.6

sea+seh 0 0 2 2 1.0
sea+tsst-1 0 1 0 1 0.5

segtsei 0 0 6 6 3.1
pvil+sea+seh 0 0 5 5 2.6
pvil+sec+seh 0 0 3 3 1.6

3 pvl+seg+sei 0 0 4 4 2.1
seb+seg+sei 0 0 2 2 1.0
sectseg+tsei 0 1 1 2 1.0
seg+seittsst-1 0 2 1 3 1.6
pvl+seb+seg+sei 0 1 10 11 5.7
pvl+sectseg+sei 0 0 1 1 0.5
sea+sectseg+sei 0 0 1 1 0.5

4 seb+sec+tseg+sei 0 1 0 1 0.5
seb+seg+sei+tsst-1 0 0 2 2 1.0
sectseg+seh+sei 0 0 1 1 0.5
sed+seg+sei+sej 0 0 1 1 0.5
seg+seh+sei+tsst-1 0 0 1 1 0.5
pvl+sea+sect+segtsei 0 0 1 1 0.5

5 pvl+sea+seg+seittsst-1 0 0 1 1 0.5
pvl+seb+sec+seg+sei 0 0 2 2 1.0
pvl+sec+seg+seh+sei 0 0 1 1 0.5

6 seb+sectsed+seg+seitsej 1 0 0 1 0.5
- sea+tseb+sec+sed+seg+seitsej 3 0 0 3 1.6
seb+sect+sed+seg+sei+sej+tsst-1 0 1 7 8 4.1

3 pvl+seb+sec+sed+seg+seit+sej+tsst-1 0 0 2 2 1.0
sea+seb+sect+sed+seg+seitsej+isst-1 0 0 1 1 0.5

SSTI: skin and soft tissue infection
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Among the toxin genes detected pvi, sea, seb, seh and sej were found either alone or in
combination with the other toxin genes. However, sec, sed, seg, sei and tsst-1 were found
only in combination with other genes. The number and combination of toxin genes

possessed by the 129 toxin positive S. aureus isolates are shown in Table 3.9.

Figure 3.2: Toxin gene carriage out of the 11 target genes by the 193 S. aureus isolates
from Mekele, Northern Ethiopia

B Frequency (n) M Percent (n/193*100)

70.
52.5
35.
17.5

0.

0 1 2 3 4 5 6 7 8
Number of toxin genes carried
C. Individual toxin gene profile of S. aureus

I. Panton-valentine leukocidin toxin gene (pvl)

In this study, Pv/ was the most frequently detected toxin gene carried by 71 of the 193 S.
aureus isolates (36.8%) (Table 3.8). However, significant difference was observed on pvi
carriage among the S. aureus isolates based on their source. Briefly, pv/ carriage was
significantly higher (p<0.00I) on S. aureus clinical isolates from skin and soft tissue
infections (66/123, 53.7%) compared to isolates from nares of dairy farmers (3/22, 13.6%)
and cows’ milk (2/48, 4.2%) as shown in Table 3.8. pv/ was found either alone or in

combination with each of the other toxin genes (Table 3.9).

II. Toxic shock syndrome toxin-1 gene (zsst-1)

The overall prevalence of tsst-1 among the 193 S. aureus isolates was 9.8% (Table 3.8).

However, tsst-1 was detected only on human S. aureus isolates but not from cows’ milk.
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Among the tsst-1 positive isolates, 15/123 (12%) were form skin and soft tissue infections
and 4/22 (18.2%) were from nares of farm workers (Table 3.7). S. aureus isolates that

possess tsst-1 also possessed at least one of the other toxin genes (Table 3.9).

III. Staphylococcal enterotoxin genes (se)

Out of 193 S. aureus isolates, 108 (56%) were found to be positive for at least one of the
nine enterotoxin (se) genes (Table 3.7). Possession of at least one se was higher in
(p<0.001) isolates of human skin and soft tissue infections (81/123, 66%) and nares of dairy
farmers (12/22, 54.5%) than isolates from milk of dairy cows (15/48, 31.2%). Among the 9
enterotoxin genes, seg and sei (each detected on 56/193, 29% of isolates) were the dominant
toxin genes followed by seb (37/193, 19.2%), sea (31/193, 16%), sec (29/193, 15%), seh
(28/193, 14.5%), sej (21/193, 10.9%) and sed (16/193, 8.3%). No S. aureus isolate was
found to be positive for see in this study. Higher proportion of S. aureus isolates from
human skin and soft tissue infections possessed at least one enterotoxin gene (81/123,
65.9%) compared to isolates from nares of farm workers (12/22, 54.5%) and milk of dairy
cows (15/48, 31.2%) as indicated in Table 3.7.

Among the enterotoxin genes seg and sei were found significantly higher in S. aureus
isolates from skin and soft tissue infections and nares of farm workers compared to dairy
cows’ milk isolates (p=001). However, seh was the leading toxin gene detected on milk
isolates compared to human isolates although the difference was not statistically significant

(p=0.363) [Table 3.8].

Out of the enterotoxin gene positive isolates, 44/193 (22.8%) possessed only one of the 9
targeted enterotoxin genes and 64/193 (31.2%) possessed two or more (2-7 genes). The sea,
seb, seh and sej existed either alone or in combination with other enterotoxin genes.
However, seg and sei always existed together and sed was found to be always in

combination with sej (Table 3.10).
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Table 3.10: Combination of staphylococcal enterotoxin (se) genes of the 193 S. aureus
isolates from Mekele, Northern Ethiopia

No of se Source of isolate Total Percent

carried out of 9 Types of se gene possessed Milk Nasal SSTI (T) (T/193*%100)
0 none 33 10 42 85 44.0
sea 2 2 13 17 8.8

seb 0 2 2 4 2.1

1 sec 0 0 1 1 0.5
seh 8 1 6 15 7.8

sej 1 1 3 5 2.6

sea+seh 0 0 7 7 3.6

2 sectseh 0 0 3 3 1.6
seg+sei 0 2 11 13 6.7
sea+segtsei 0 0 1 1 0.5
seb+segtsei 0 1 14 15 7.8

3 sectseg+tsei 0 1 2 3 1.6
seg+seh+sei 0 0 1 1 0.5
sea+tsectseg+sei 0 0 2 2 1.0
seb+sec+seg+sei 0 1 2 3 1.6

) sectsegtseh+sei 0 0 2 2 1.0
sed+segtsei+sej 0 0 1 1 0.5

6 seb+sectsed+seg+seitsej 1 1 9 11 5.7
7 sea+seb+sectsed+seg+seitsej 3 0 1 4 2.1

SSTIs: Skin and Soft Tissue Infections

IV.  Staphylococcal classical enterotoxin (se) genes

Out of 193 S. aureus isolates, 74 (38.3%) were found positive for at least one of the five

classical enterotoxin genes (sea, seb, sec, sed and see). Among these genes, seb was the
most dominantly detected gene (37/193, 19.2%) followed by sea (31/193, 16%), sec
(29/193, 15%), and sed (16/193, 8.3%) (Table 3.8). It was observed that the classical

enterotoxin genes existed independent of one another (Table 3.11).
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The findings of the present study indicated that the overall classical enterotoxin gene
positivity was higher on human SSTI isolates (60/123, 48.8%) and nares of farm workers
(8/22, 36.4%) compared to dairy cows’ milk isolates (6/48, 12.5%) [Table 3.7]. However,
there was no statisticaly significant difference on the possession of the individual classical
enterotoxin genes possession among the different study groups. However, seb possession
was higher on human isolates (33/145, 22.8%) compared to cow isolates (4/48, 8.3%)
although not statistically significant (p = 0.062) [Table 3.7].

Table 3.11: Combination of classical enterotoxin genes carried by the 193 §. aureus
isolates from Mekele, Northern Ethiopia

Number of classical | Types of classical | Source of isolates
Total | Percent
se possessed se possessed Milk | Nasal | SSTI
0 None 42 14 63 119 61.7
sea 2 2 21 25 13.0
seb 0 3 16 19 9.8
! sec 0 1 8 9 4.7
sed 0 0 1 1 0.5
sea+sec 0 0 2 2 1.0
? seb+sec 0 1 2 3 1.6
3 seb+sec+sed 1 1 9 11 5.7
4 sea+seb+sectsed |3 0 1 4 2.1

Among the 193 isolates, 54 (28%) possessed only one type of classical enterotoxin gene and
the remaining 20 isolates (10.4%) possessed two or more. Among those possessing two or
more, 5/193 (2.6%) possessed two, 11/193 (5.7%) possessed three and 4/193 (2.1%)
possessed four. Three (75%) of the four S. aureus isolates that carried four of the classical

enterotoxin genes were isolated from milk of dairy cows (Table 3.11).

3.5. mec genes carriage and SCCmec typing
Out of the 193 S. aureus isolates, mecA was detected in four (2.1%) isolates but none of the
isolates carried mecC. All the mecA positive isolates were from human; two of them were

isolated from community onset SSTIs, one from surgical site infection and the other one
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from nare of dairy farm worker. Two of them were spa type t037 and the rest were t064,
t1855. Regarding their clonal complex, two were CC239, one CC8 and the other one CC88.
SCCmec typing showed that two of them were SCCmec type III and the rest two SCCmec
type Iva.

3.6. spa typing result

Out of 193 S. aureus isolates, 190 (98.4%) were successfully typed using the Ridom spa
typing method (121 from humans, 22 from dairy farmers and 47 from dairy cows) as shown
in Table 3.12. The spa typing resulted in 61 different types. S. aureus isolated from human
were found to be highly diverse (50 different spa types from SSTI isolates and 19 different
spa types of nasal isolates) compared to dairy cow isolates (only 7 different spa types).
Generally, spa type t042 (31/190, 16.3%) was the most frequently detected followed by t355
(24/190, 12.6%), t306 (14/190, 7.4%), t084 (10/190, 5.3%), t085 (10/190, 5.3%), t2856
(10/190, 5.3%), t127 (6/190, 3.2%), and t314 (5/190, 2.6%). Out of the 61 different spa
types identified, five were reported for the first time in this study; i.e. spa type t17828,
117829, 117830, t17831, t17832 and all of them were human isolates.

Of the 50 different spa types of 121 human clinical S. aureus isolates, t355 was found to be
the most dominant (23/121, 19%) followed by t306 (10/121, 8.3%), t084 (8/121, 6.6%), t085
(8/121, 6.6%), t127 (6/121, 5%) and t314 (5/121, 4.1%). Two of the five newly reported spa
types, t17829 and t17830, were obtained from human study participants with SSTIs (Table
3.12).

The spa typing data showed that S. aureus isolates of nasal origin were the most genetically
diverse where 19 different spa types were documented from 22 isolates compared to the
SSTIs isolates (50 spa types from 121 isolates) and milk isolates (7 spa types from 47
isolates). This means all nasal S. aureus isolates except three (t084, t223 and t701) had

unique spa type.
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Table 3.12: Pattern of spa types of the 190 S. aureus isolates from human and dairy
cows in Mekele, Northern Ethiopia

Spa Source of isolates Total % Spa Source of isolates Total %
type Milk Nasal SSTI type Milk Nasal SSTI

042 29 1 1 31 163 | t17832 0 1 0 1 0.5
t355 0 1 23 24 12.6 t1855 0 0 1 1 0.5
t306 3 1 10 14 7.4 | t1916 0 0 1 1 0.5
084 0 2 8 10 5.3 t1973 0 0 1 1 0.5
t085 2 0 8 10 5.3 1214 0 0 1 1 0.5
2856 9 1 0 10 5.3 2395 0 0 1 1 0.5
t127 0 0 6 6 3.2 | 254 0 1 0 1 0.5
t314 0 0 5 5 2.6 t273 0 0 1 1 0.5
1002 0 1 3 4 2.1 112767 0 0 1 1 0.5
6218 0 0 4 4 2.1 t311 0 0 1 1 0.5
t186 0 1 2 3 1.6 (13155 0 1 0 1 0.5
t223 0 2 1 3 1.6 3235 0 0 1 1 0.5
t261 0 0 3 3 1.6 1335 0 0 1 1 0.5
t5338 1 1 1 3 1.6 349 0 0 1 1 0.5
t701 0 2 1 3 1.6 | 1360 0 0 1 1 0.5
941 0 1 2 3 1.6 t3638 0 0 1 1 0.5
t037 0 0 2 2 1.1 | t401 0 0 1 1 0.5
1062 0 0 2 2 1.1 4562 0 0 1 1 0.5
t1977 0 0 2 2 1.1 | t458 1 0 0 1 0.5
t272 0 0 2 2 1.1 t4938 0 0 1 1 0.5
279 0 0 2 2 1.1 15468 0 0 1 1 0.5
t325 0 0 2 2 1.1 645 0 0 1 1 0.5
t4038 0 0 2 2 1.1 | 659 0 0 1 1 0.5
4206 2 0 0 2 1.1 690 0 0 1 1 0.5
605 0 0 2 2 1.1 (17882 0 0 1 1 0.5
045 0 1 0 1 0.5 t8096 0 1 0 1 0.5
064 0 1 0 1 0.5 934 0 0 1 1 0.5
t11717 0 0 1 1 0.5 SSTI: Skin and Soft Tissue Infection
t1376 0 0 1 1 0.5

t13839 0 0 1 1 0.5

t17828 0 1 0 1 0.5

t17829 0 0 1 1 0.5

t17830 0 0 1 1 0.5

t17831 0 1 0 1 0.5
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In contrast, S. aureus isolates from cow milk were the least genetically diverse; i.e. only
seven different spa types were documented where two third of the isolates had the same spa
type. Briefly, most of the cow milk S. aureus isolates were spa type t042 (29/47, 61.7%)
followed by t2856 (9/47, 19.1%), t306 (3/47, 6.4%), t085 and t4206 (2/47, 4.3% each),
t5338 and t458 (1/47, 2.1% each) (Table 3.12).

The findings of the present study also showed that spa types t042, t306, t085, t2856 and
t5338 were the only spa types detected from both human and dairy cows. Among these, t306
was detected in 3/47 (6.4%) of dairy cow milk isolates, in 10 of 121 (8.3%) SSTI isolates
and in one of 22 (4.5%) of nasal isolates of dairy farmers. The spa type t085 was detected in
two of the 47 cow isolates (4.3%) and in eight of the 121 SSTIs isolates (6.6%). The spa
type t042 was detected in 29 of 47 cow isolates (61.7%), in one of 22 nasal isolates (4.5%)
and in one of 121 SSTI isolates (0.8%). The spa type t2856 was detected in nine of 47 cow
isolates (19.1%) and in one of 22 nasal isolates (4.5%). The spa type t5338 was found in one

cow, one nasal and one SSTI isolates.

Generally, the present study showed that S. aureus spa type t355 was the most common
genotype found in association with SSTIs in the current study area. Other spa types isolated
from SSTIs at least 3 times included t084, t085, t127, t314, t6218, t261 and t002. S. aureus
genotypes that were found as nasal colonizing strains of farm workers but not associated
with SSTIs include t2856, t045, t064, t17828, t17831, t17832, t254, t3155 and t8096.
Although not specific, spa types t042 and t2856 were the most cows’ udder quarters adapted
S. aureus genotypes. However, t4206 and t458 were cows’ milk specific isolate although not

common.

3.7. Probable clonal complex (CC)

Based on the spa sequence information, 178 of the 190 S. aureus isolates (90.5%) were
assigned in to 11 probable clonal complexes (CCs) and the remaining strains had unknown
CC. The identified CCs include CC1, CC5, CC8, CC15, CC22, CC25, CC80, CC88, CC121,
CC152 and CC239.
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Figure 3.3: Percentage of probable CCs based on spa sequence of 190 S. aureus isolates

Mekele, Northern Ethiopia

Among the 11 identified CCs, CC80 was the leading CC comprising 44 out of the 190
isolates (23.2%) followed by CC15 (28/190, 14.7%), CC152 (26/190, 13.7%), CCS5 (25/190,
13.2%), CC25 (11/190, 5.8%), CC121 (10/190, 5.3%), CC88 (9/190, 4.7%), CC1 (7/190,
3.7%), CC22 (5/190, 2.6%), CC8 (5/190, 2.6%), and CC239 (2/190, 1.1%) as shown in

Figure 3.3.

Table 3.13: Probable Clonal Complex of 190 S. aureus isolates from different sources,

Mekele Northern Ethiopia

Probable CC Source of isolate Total Percent
Milk Nasal SSTI
CC 80 40 2 2 44 23.2
CC15 2 3 23 28 14.7
CC 152 0 1 25 26 13.7
CCs5 3 2 20 25 13.2
CC25 0 1 10 11 5.8
CcC121 0 1 9 10 53
CC 88 0 2 7 9 4.7
CCl1 1 0 6 7 3.7
CC22 0 2 3 5 2.6
CC8 0 3 2 5 2.6
CC 239 0 0 2 2 1.1
Unknown CC 1 5 12 18 9.5
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As shown in Table 3.13, a total of 11 CCs were observed on the 121 S. aureus isolates of
SSTIs with known CCs. Among these, the leading CC was CC152 (25/121, 20.7%) followed
by CC15 (23/121, 19%), CCS5 (20/121, 16.5%), CC25 (10/121, 8.3%), CC121 (9/121, 7.4%),
CC88 (7/121, 5.8%), CC1 (6/121, 5%), CC22 (3/121, 2.5%), CC8 and CC239 (2/121, 1.7%
each). The 47 S. aureus isolates from dairy cows were assigned into 5 CCs and one isolate
had unknown CC. However, most of the isolates (40/47, 85.1%) were CC80 and the rest
include CCS5 (3/47, 6.4%), CC15 (2/47, 4.3%), and CC1 (1/47, 2.1).

3.8. Major toxin genes possession by the top eight spa types

As shown in Table 3.14 the top eight spa types detected five or more times in this study
were; 1042, t355, t306, t084, t085, t2856, t127 and t314. Among these all the spa type t085,
t314 and t355 and 83.3% of spa type t127 were positive for pvi. Only spa type t306 was
found positive for zssz-1. Regarding the major classical enterotoxin genes (sea, seb, sec, and
sed), 100% of spa type t085 and 83.3% of spa type t127 were positive for sea; 100% of t314
and 85.7% of t306 possessed seb; 85.7% of t306 possessed sec and 78.6% of t306 possessed
sed (Table 3.14).

Table 3.14: Comparison of spa types with the major toxin genes of S. aureus isolates from
Mekele, Northern Ethiopia

Toxin Genes

fp tz pvl sea seb sec sed tsst-1
yp No Yes No Yes No Yes No Yes No Yes No Yes
042 31 0 31 0 31 0 31 0 31 0 31 0
100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% | 0.0%
(084 9 1 9 1 10 0 10 0 10 0 10 0
90.0% 10.0% | 90.0% 10.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% | 0.0%
{085 0 10 0 10 10 0 10 0 10 0 10 0
0.0% | 100.0% 0.0% | 100.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% | 0.0%
127 1 5 1 5 6 0 6 0 6 0 6 0
16.7% | 83.3% 16.7% | 83.3% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% | 0.0%
t285 10 0 10 0 10 0 10 0 10 0 10 0
6 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% | 100.0% | 0.0%
(306 13 1 10 4 2 12 2 12 3 11 5 9
92.9% 7.1% | 71.4% | 28.6% 14.3% | 85.7% 14.3% | 85.7% | 21.4% | 78.6% | 35.7% [64.3%
314 0 5 5 0 0 5 3 2 5 0 5 0
0.0% | 100.0% | 100.0% 0.0% 0.0% [100.0% | 60.0% | 40.0% | 100.0% 0.0% | 100.0% | 0.0%
(355 0 24 24 0 24 0 19 5 24 0 24 0
0.0% | 100.0% | 100.0% 0.0% | 100.0% 0.0% | 79.2% | 20.8% | 100.0% 0.0% | 100.0% | 0.0%
Total 64 46 90 20 93 17 91 19 99 11 101 9
582% | 41.8% | 81.8% 182% | 84.5% | 15.5% | 82.7% | 17.3% | 90.0% | 10.0% | 91.8% | 8.2%
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CHAPTER FOUR: DISCUSSION

Staphylococcus aureus poses a serious concern globally due to its ability to cause a number
of life-threatening diseases and continuous evolvement of drug resistance [Paterson et al.,
2014]. Especially, the emergence and spread of MRSA initially in the healthcare setting
[Barber, 1961], later in the community [Udo et al., 1993] and recently in the veterinary
aspect [Fitzgerald, 2012] is a serious global threat.

In Ethiopia, previous studies have well documented S. aureus as a common pathogen in both
human [Kahsay et al., 2014; Mama et al., 2014; Mengesha et al., 2014; Mohammed et al.,
2017] and dairy cows [Abera et al., 2012; Mekonnen et al., 2017; Seyoum et al., 2018].
However, almost all of these studies were restricted to phenotypic characterization of the
bacterium. Molecular techniques are recommended for proper S. aureus identification,
detection of specific virulence and drug resistance genes and to study the spread and
distribution of specific strains [Price et al., 2013]. To the best of our knowledge, there have
been few molecular studies done in Ethiopia on S. aureus isolates from raw and processed
milk [Mekonnen et al., 2018; Tarekgne et al., 2016; Tigabu et al., 2015; Zenebe et al.,
2018]. As far as we know, no molecular characterization study was conducted so far on
human clinical S. aureus isolates in Ethiopia. Therefore, the present study was conducted to
isolate S. aureus from human skin and soft tissue infections, milk of dairy cows and nares of
dairy farm workers; and to determine the antimicrobial resistance pattern, virulence genes

profile and genotypic diversity of the S. aureus isolates.

In the present study, a total of 811 non-duplicate specimens were collected from 355 study
participants suffering from SSTIs (wound culture), 71 farm workers (nasal screening) and
384 dairy cows (milk specimen). Of the 355 study participants with SSTI, 61% were with
clinically suspected community onset and 39% with suspected surgical site infections
(hospital acquired). Their age ranged from 3 months to 90 years with mean age of 30.5
years. Majority were males (61.7%), from urban area (62.5%) and were from the
dermatology department (42%) followed by adult surgical ward (30.7%). The 384 dairy

cows were selected from 67 dairy farms located in Mekele, Northern Ethiopia. Their age
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ranged from 3-14 years with the mean age of 5.9 years. Majority of them (66%) gave birth
to 1-3 calves. More than half (52.7%) had less than three months of lactational stage and
their milking process was all by manual means. From the 67 dairy farms, 71 farmers
participated in the study and out of these, 77.5% were males and their aged ranged from 17
to 63 years old.

S. aureus is a common cause of skin and soft tissue infections (SSTIs) both in the
community and healthcare setting [Bassetti et al., 2017]. The major SSTIs caused by S.
aureus include folliculitis, furuncles, abscesses, impetigo, carbuncles, cellulitis, and surgical
site infections [Bouchiat et al., 2017]. Severe SSTIs can progress to deep infections; such as
bone, joints, the heart and other internal organs; leading to increased morbidity and mortality
[Macmorran et al., 2017; Watanabe et al., 2017]. The prevalence of S. aureus is higher in
community acquired compared to health care associated skin and soft tissue infections. This
is because the etiologies of HA-SSTI, mainly surgical site infection, are diverse compared
to community onset SSTIs which are mainly due to S. aureus and S. pyogenes [Yamamoto,
2017]. In addition, S. aureus strains that cause community associated SSTIs are more
virulent than those that cause health care associated SSTIs. This is because community
associated S. aureus strains possess more virulence genes, such as pv/ leading to higher
virulence, that cause infections in healthy individuals unlike those strains causing health care

associated infections, which usually require predisposing factors [Bassetti et al., 2017].

In the present study, S. aureus was isolated from 34.6% of study participants with SSTIs and
the isolation rate of S. aureus was higher in community onset SSTIs (40.5%) compared to
surgical site infections (25.4%). This is a comparable finding with previous studies
conducted in Ethiopia which reported S. aureus isolation rate of 31.3% in SSTIs, Jimma
University Hospital, Southwest Ethiopia [Mama ef al., 2014] and 28.5% in SSTIs, Gondar
University Hospital, Northwest Ethiopia [Mohammed et al., 2017].

In the present study, S. aureus was isolated from 40.5% of study participants with
community onset SSTIs. A comparable finding was reported from Indonesia where 45.3%

of community onset-SSTIs were due to S. aureus [Santosaningsih et al., 2018]. In contrast,
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higher percentage of S. aureus isolation from CA-SSTIs was reported in USA (88%)
[Magilner et al., 2008], China (71.6%) [Liu ef al., 2016b], Spain (66%) [Casado-Verrier et
al., 2012] and United Arab Emirates (62%) [Al Jalaf et al, 2018]. A slightly lower
percentage of S. aureus isolation from CO-SSTIs was reported from Greece (31%) [Vourli
et al., 2009] compared to the present finding in Ethiopia (40.5%). Despite variations in
percentage of isolation of S. aureus in different countries, all studies indicated that S. aureus

is a significant cause of community onset-SSTTIs.

In the present study, S. aureus was isolated from 25.4% of patients with clinical signs of
surgical site infections. This is comparable with a study from Uganda where 28.7% of
patients with SSI were positive for S. aureus. However, previous studies conducted in
Ethiopia reported higher S. aureus prevalence in SSIs that ranged from 34.4% to 39.7%
[Kahsay et al., 2014; Mengesha et al., 2014]. Infection prevention practices may contribute
to variations in the frequency of isolation of S. aureus from surgical site infections in

different hospitals.

S. aureus exist as a commensal in different body parts of human, animals and the
environment. The major colonization sites for S. aureus are the nares. Colonization is
believed to provide a reservoir for infection when host defenses are breached and allows the
bacterium to be transmitted among humans, animals and between them [Gordon and Lowy,
2008]. S. aureus cross-transmission between human and animals was mainly demonstrated
among dairy farm workers due to their close contact with animals [Smith, 2015]. Global

estimates showed that about a third of world population carry S. aureus in their nares.

In the present study, 31% of dairy farmers were found colonized by S. aureus in their nares
which is higher than a previous study done around Addis Ababa, Ethiopia where 13.2% of
dairy farmers were found colonized [Mekuria ef al., 2013]. In the present study, tryptic soy
broth as an enrichment media was used to maximize the recovery of S. aureus from nasal
swabs and this might explain the higher frequency of isolation as compared to the similar
study conducted in Ethiopia [Mekuria et al., 2013]. Studies from other parts of the world

also showed a significant nasal carriage of S. aureus from farm workers; 15.2% of dairy
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farm workers carried S. aureus in their nares in South Africa [Schmidt ef al., 2015] and 36%

in Catania, Italy [Antoci ef al., 2013].

S. aureus 1s also one of the most common bacteria capable of infecting udder quarters of
dairy cows. Infected dairy cows can shed large amount of bacteria in their milk.
Consumption of such contaminated milk can lead to human infections or intoxications if the
S. aureus strain excretes enterotoxins [De Vliegher et al., 2012; Sartori et al., 2018]. Besides
the risk of human infection, udder infections can have a direct effect on the welfare of the
animal and economic loss to farmers due to decreased milk production or abnormality of the
milk [Peton and Le Loir, 2014]. Several studies in Ethiopia and elsewhere have documented
S. aureus as an important bacterium of dairy animals’ intra-mammary gland infection. There
is strong research based evidence showing S. aureus as an important pathogen in the dairy
industry both in Ethiopia and elsewhere [Abebe et al., 2016; Ericsson Unnerstad et al.,
2009; Mekonnen et al., 2018; Mekuria et al., 2013].

In the present study, milk samples from 12.5% of dairy cows were found to be positive for
S. aureus. Similarly, previous studies in Ethiopia also reported an S. aureus prevalence of
9% to 27.9% [Abebe et al., 2016; Mekonnen et al., 2017; Mekuria et al., 2013; Seyoum et
al., 2018]. Other studies in Western Zambia [Knight-Jones et al., 2016], Zimbabwe
[Katsande et al., 2013] and Northern Italy [Riva et al., 2015] have reported an S. aureus

isolation rate of 22%, 16.3% and 9.1%, respectively from cows’ milk.

Antimicrobial resistance poses a serious threat to both human and animal health. The
overuse and misuse of antimicrobials is accelerating the emergence of drug resistant
bacteria. The use of antimicrobials in food-producing animals either for treatment or for
growth promotion can lead to selection and dissemination of antimicrobial-resistant bacteria
in these animals, which can then be transmitted to humans via food and other transmission
routes [Santy-Tomlinson, 2018; WHO, 2017]. S. aureus is one of these bacteria affecting
both human and animals. It is in a continuous evolution of drug resistance since the
introduction of the first antibiotic (penicillin) in 1941. Penicillin resistance by S. aureus was

reported two years after the introduction of the drug, initially in the health care setting and
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later in the community [Deurenberg and Stobberingh, 2008]. Since then, penicillin resistant
S. aureus has increased and spread widely and majority of isolates are resistant to penicillin

nowadays [Malachowa and DeLeo, 2010].

In the present study, 92.7% of overall S. aureus isolates were resistant to penicillin.
Resistance to penicillin was observed in 92% of community onset SSTIs isolates, 97.1% of
surgical site infection isolates, 91.7% of cows’ milk isolates and 90.9% of dairy farmers
isolates. Similar findings have been reported in previous studies conducted in Ethiopia e.g.
82-91.5% penicillin resistance was documented on human S. aureus isolates from SSTIs
[Kahsay et al., 2014; Mama et al., 2014; Mohammed et al., 2017] and 97-100% isolates
from milk of dairy cows in Ethiopia [Mekuria et al., 2013; Seyoum et al., 2018]. High
percentage of penicillin resistant S. aureus was also documented in a multicenter study on
patients with SSTIs in China (96.6%) [Liu et al., 2016b], patients with SSTIs and bone
related infections in Benin (100%) [Sina ef al., 2013] and on bovine milk isolates in Egypt
(83.3%) [Awad et al., 2017].

To overcome infections due to penicillin resistant S. aureus, B-lactamase resistant penicillin
namely methicillin was introduced in 1959. However, the victory against S. aureus using
methicillin was short-lived and the first methicillin-resistant S. aureus (MRSA) strain was
identified in 1961 in a hospital [Barber, 1961]. Shortly thereafter, MRSA became pandemic
in many healthcare institutions worldwide [Waness, 2010]. In addition, MRSA started to
appear in the community who lack risk factors for exposure to the health care systems [Udo
et al., 1993]. Since the first report, there has been an explosion in the number of CO-MRSA
infections worldwide [David and Daum, 2010]. In addition, the emergence of MRSA in
animals capable of being transmitted to human in recent years poses a serious health threat
[Fitzgerald, 2012]. The distribution of MRSA seems to vary by geographic location and

diffuses more in humans than animals.

In the present study, S. aureus harbouring mecA (MRSA) are reported in 2.4% of SSTIs
isolates which is much lower than most reports obtained from different parts of the world. In

North America, MRSA accounted for up to 85% of S. aureus isolates from CO-SSTIs in the
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USA [Magilner et al., 2008; Mistry et al., 2014] and up to 56% in Canada [Muileboom et
al., 2013; Stenstrom et al., 2009]. In Europe, MRSA accounted for 0% -29% of SSTI S.
aureus isolates in a multi-center study in seven European countries [Bouchiat et al., 2017],
33% in Spain [Casado-Verrier et al., 2012] and 30.7% in Greece [Vourli et al., 2009]. In
Australia, 60% of S. aureus isolates from community onset SSTIs were MRSA [Macmorran
et al., 2017]. In Asia, the prevalence of MRSA among S. aureus isolates from SSTIs was
57.7% in Taiwan [Changchien et al., 2016], 29% in United Arab Emirates [Al Jalaf et al.,
2018], 24.4% in Japan [Watanabe et al., 2017] and 2.6% in China [Liu et al., 2016b]. In
Africa, the prevalence of MRSA was as high as 84% from SSTIs in Kenya [Maina et al.,
2013], 31.5% in Uganda [Ojulong ef al., 2009], 25% in Benin [Sina ef al., 2013], 22.6% in
Botswana [Truong et al., 2011] and 1.3% of CO-SSTI isolates in Mozambique [van der
Meeren et al., 2014]..

In the present study, no mecA/mecC positive S. aureus was detected from bovine milk.
Similar findings have been reported in the previous study conducted in central Ethiopia
[Tigabu et al., 2015], in Tunisia [Ben Said et al., 2016] and Australia [Worthing et al.,
2018]. In contrast, up to 52% of S. aureus isolates from milk of dairy cows were positive for
MRSA in Egypt [Awad ef al., 2017; Elhaig and Selim, 2014], 17% in Turkey [Turkyilmaz et
al., 2010], 11% in Brazil [Silva et al., 2014], 9.3% in Belgium [Vanderhaeghen et al., 2010],
6.2% in Korea [Nam et al., 2011]. Findings of the present and the previous studies indicate

that no MRSA is circulating in dairy cows in Ethiopia.

Vancomycin became the drug of choice for the treatment of infections caused by MRSA
[Cole and Riordan, 2013]. However the success of treatment wasn’t long lived in which the
first case of vancomycin-intermediate S. aureus (VISA) [Hiramatsu et al., 1997] and
vancomycin-resistant Staphylococcus aureus (VRSA) [Sievert et al., 2008] were reported in
1997 and 2002, respectively. VISA (MIC, 4-8 pg/ml) is due to thickening of the S. aureus
cell wall but VRSA (MIC >16 pg/ml) is due to possession of the vand by the bacterium.
Intermediate resistance is more common than high resistance [Deresinski, 2013]. Since the
first report, VRSA has been also reported from India [Thati et al., 2011], Iran [Azimian et
al., 2012] and Pakistan [Hakim et al., 2007].
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In the present study, vancomycin resistance was not observed in both human and dairy
cows’ S. aureus isolates. This is in agreement with previous studies conducted in Ethiopia
[Mama et al., 2014; Mengesha et al., 2014; Mohammed et al., 2017; Seyoum et al., 2018;
Tigabu et al., 2015], Kenya [Maina et al., 2013], Benin [Sina et al., 2013], Mozambique
[van der Meeren ef al., 2014], Nigeria [Ghebremedhin et al., 2009], Uganda [Ojulong et al.,
2009], 23 hospitals in China [Liu et al., 2016b] and Taiwan [Changchien et al., 2016]. In
contrast, some previously conducted studies in Ethiopia reported vancomycin resistance of
4% among S. aureus isolates from SSI [Kahsay et al., 2014] and 2.4% from milk of dairy
cows [Mekuria et al., 2013]. In the present study, susceptibility testing for vancomycin and
Daptomycin was done using the E-test method to determine the minimum inhibitory
concentration (MIC), whereas the previous studies in Ethiopia employed disc diffusion
method which is not recommended for Vancomycin susceptibility testing [CLSI, 2014].
Variation in the methodology of susceptibility testing for Daptomycin and vancomycin can
affect the interpretation of the susceptibility testing result. The research findings in Ethiopia
collectively indicated the absence of vancomycin resistant S. aureus (VRSA) is the country

despite its use.

The overall resistance of S. aureus to the other tested antimicrobial agents in this study was
38.3% for Tetracycline, 31.6% for Trimethoprim-Sulphamethoxazole, 18.7% for
Erythromycin, 5.2% for clindamycin and no resistance was observed against Daptomycin
and Rifampin. No statistical significant difference was observed on the resistance pattern
between human and dairy cows’ isolates except for Erythromycin (25.2% vs. 2.1%,
p=0.002) and Trimethoprim-Sulphamethoxazole (40.7% vs. 10.4%, p=0.001). This might
be because of frequent use of both antibiotics in humans as prophylaxis or treatment than in
animals and this creates selective pressure on the strains and selecting the emergence of drug

resistant strains.

The present study also documented that 94.8% of the overall S. aureus isolates were
resistant to at least one of the nine antimicrobial agents (classes) tested and 25.9% were
multi-drug resistant (resistant to three or more antimicrobial classes). However, MDR was

significantly higher (p<0.001) among human clinical isolates (35.8%) compared to the nasal
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colonizing isolates (13.6%) and cows’ milk isolates (6.3%). Dekker et al. (2016) from
Ghana reported similar MDR finding on human clinical S. aureus isolates (35.7%) [Dekker
et al., 2016]. A study from Egypt showed that 83.3% S. aureus isolates from dairy cows
were MDR [Awad et al., 2017] which is in contrast with the findings of the present study
where 6.3% of milk isolates were MDR.

S. aureus is known to secrete a number of toxins which play a major role during disease
pathogenesis. These toxins are broadly classified as pore-forming toxins which include the
Panton-Valentine leukocidin (PVL), exfoliative toxins and superantigens (SAgs). More than
23 SAg toxins have been described, including toxic shock syndrome toxin (TSST-1),
staphylococcal enterotoxins (SEA to SEE, SEG to SEJ, SEL to SEQ and SER to SET), and
11 staphylococcal superantigen-like toxins (SEIK to SEIQ, SEIU to SEIX) [Oliveira ef al.,
2018].

The present study targeted 11 of these toxin coding genes; i.e. pvl, tsst-I and nine
staphylococcal enterotoxin genes (sea, seb, sec, sed, see, seg, seh, sei and sej). As a result,
67% of the overall S. aureus isolates were found harboring at least 1 of the 11 toxin genes.
There was a statistically significant difference on the possession of these toxin genes among
human, nasal and cows’ milk isolates which was 81.3%, 63.6% and 31.2%, respectively
(P<0.001). Among the 11 toxin genes pv/ was the leading gene harbored by 36.8% of the
isolates. This toxin gene was also the most frequently identified gene in 53.7% human
clinical isolates whereas seb and seh were the dominant genes detected in 22.7% nasal

colonizing isolates and 16.7% dairy cows’ milk isolates.

The Panton-Valentine leukocidin (PVL) toxin is one of the important toxins in which S.
aureus strains could possess. It causes lysis of polymorphonuclear leukocytes, monocytes
and macrophages when it binds to complement receptors on their membrane [Saeed ef al.,
2018; Shallcross et al., 2013]. However, not all S. aureus strains possess pvl. A recent meta-
analysis on 76 studies from 31 countries concluded that pvl producing S. aureus strains are
strongly associated with skin and soft-tissue infections, but are comparatively rare in

pneumonia, bacteremia, and those colonizing other sites [Shallcross et al, 2013]. In
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addition, several studies elsewhere also reported that S. aureus strains isolated from milk of
dairy cows are less likely to possess pvl [Asiimwe et al., 2017b; Awad et al., 2017; Ben Said
et al., 2016; Riva et al., 2015]. In the present study, similar finding has been reported for
the first time in Ethiopia that pv/ is most frequently detected on S. aureus isolates from

SSTIs (53.7%) compared to nasal colonizing (13.6%) and milk isolates (4.2%).

The present investigation also noted that the proportion of pv/ positive strains was higher in
isolates from community onset (44.3%) than hospital onset (42.9%) SSTIs. Similar findings
have been reported from Taiwan [Changchien ef al., 2016], Mozambique [van der Meeren et
al., 2014], China [Yao et al., 2010] and Colombia [Portillo et al., 2013]. Although studies
from different continents showed a strong link between pv/ and SSTIs, its proportion seems
to vary by geographic location; for example, as high as 80% of S. aureus were found
positive for pv/ in Nigeria [Ayepola et al., 2015], 73% in the USA [Pardos de la Gandara et
al., 2015], 65% in Colombia [Portillo et al., 2013], 49.3% in Uganda [Asiimwe et al.,
2017a], 23.4% in China [Yao et al., 2010], 20.3% in Kenya [Maina et al., 2013], 2.5% in
Turkey [Gulmez et al., 2012] and as low as 0.7% in Spain [Marimon et al., 2012].

In relation to pvl, the present study found only one of the four MRSA isolates was positive
for pvl. This strain was isolated from a patient with community onset SSTI and harbored
SCCmec 1V. The remaining three MRSA (2 MRSA strains with SCCmec 111 and one MRSA
strain with SCCmec IV) were pvl negative. This is in agreement with studies done
elsewhere, where pvl was found mainly in association with MRSA strains harboring
SCCmec 1V, a strain highly linked with CO-SSTIs [Changchien et al., 2016; O'Hara et al.,
2012; Vourli et al., 2009]. Definite conclusion could not be reached with few numbers of
MRSA to explain the association between pv/ with MRSA strains harboring SCCmec 1V

unless large numbers of MRSA are screened for pv/ and SCCmec 1V.

With regard to the superantigen toxin genes (sea, seb, sec, sed, see, seg, seh, sei, sej and tsst-
1), 56% of the overall S. aureus isolates were found to harbor at least one of the 10
superantigen genes. The present finding (56%) is comparable with the earlier finding in

Northern Ethiopia (51%) [Tarekgne et al., 2016] but lower than findings reported in Uganda
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(90.2%) [Asiimwe et al., 2017b], Moroco (76%) [Elazhari et al., 2011] and Brazil (65.8%)
[Costa et al., 2018]. The present study also found at least one classical enterotoxin gene
(sea, seb, sec, sed, see) in 38.3% of the overall S. aureus isolates. However, human clinical
isolates from SSTIs seemed to carry one of these genes more frequently (48.8%) compared
to the nasal (36.4%) and cows’ milk (12.5%) isolates (p<0.001). Tarekgn et al (2016) found
at least one of these genes in 13.75% of S. aureus milk isolates in Northern Ethiopia which
is comparable finding with the present study (12.5%). In contrast, higher percentage of
these genes was reported from milk isolates in central Ethiopia (67%) [Seyoum et al., 2016]

and in Italy (45.7%) [Riva et al., 2015].

In this study, among the nine enterotoxin genes, seg and sei were the most frequently
detected (each of them detected in 29% of total isolates). This in agreement with the
previous studies conducted in Northern Ethiopia [Tarekgne et al., 2016], Uganda [Asiimwe
et al., 2017b], Colombia [Portillo et al., 2013] and China [He ef al., 2018]. The seg and sei
also showed highest gene combination which existed all together. The same pattern of gene
combination observed from previous study conducted in Ethiopia [Tarekgne et al., 2016].
The scientific explanation for this is that seg and sei are part of the enterotoxin gene cluster
(egc) of S. aureus along with sem, sen, and seo [Portillo et al., 2013]. In addition, this study
found seg and sei significantly higher in S. aureus isolates from skin and soft tissue
infections and nares of farm workers compared to cows’ milk isolates (p=0.001). However,
the association of seg and sei positive S. aureus strains with human infection and

colonization needs further investigation.

The seb was the 3™ most frequently detected from the overall enterotoxin genes tested and
the leading among the classical enterotoxin genes and followed by sea and sec, each of them
detected in 19.2%, 16% and 15% of isolates, respectively. He et al. (2018) from China also
reported seb as the most frequently detected gene followed by sea, each detected in 22.5%
and 21.3% respectively [He et al., 2018]. Similar studies also demonstrated seb as the most
common enterotoxin gene detected in 44% and 18.6% of S. aureus clinical isolates from
human in Benin [Sina et al, 2013] and Colombia [Vanegas Munera et al, 2017],

respectively.
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The sea was the leading classical enterotoxin gene among the cows’ milk isolates and
detected in 10.4% of the isolates in the present study. This is in agreement with previous
studies conducted in Ethiopia that showed sea as the most common enterotoxin gene from S.
aureus milk isolates [Seyoum et al., 2016; Tarekgne et al., 2016]. However, studies from
Uganda and South Africa reported sec as the leading classical enterotoxin gene among
bovine milk isolates, respectively [Asiimwe et al., 2017b]. The present study along with the
two previous Ethiopian studies [Seyoum et al., 2016; Tarekgne et al., 2016] suggested that
seb and sea positive S. aureus strains could be the predominant strains from human SSTIs

and cows’ intramammary gland infection, respectively.

In the present study, no see was detected and the percentage of sed was low (8.3%). This is
in agreement with findings reported from Nigeria [Ayeni et al., 2018] and Brazil [Arcuri et
al., 2010] where none of S. aureus clinical isolates from human and dairy products harbored
see, respectively. However, studies from Colombia [Vanegas Munera et al., 2017] and
Benin [Sina et al., 2013] were able to detect see but still in a very low frequency (<1% of
isolates). The finding of the present study either no or very low frequency of sed among S.
aureus strains is consistent with previous findings reported in Ethiopia and elsewhere
[Ghebremedhin et al., 2009; Sina et al., 2013; Vanegas Munera et al., 2017]. In contrast, the
previous study in central Ethiopia reported see in 16.5% of bovine milk isolates and was the
3" most common of the classical enterotoxin genes [Seyoum ef al., 2016]. The variation of
see or sed detection from the present study and other studies conducted in Ethiopia could be
due to a difference in the geographic location of the study areas which might indicate that
see positive strains could be circulating in the bovine population in central Ethiopia but not

in Northern part of the country.

The present study documented zssz-1 in 9.8% of the overall S. aureus isolates and all of them
were from human isolates. Specifically, 12% of the human clinical isolates and 18.2% of
nasal isolates were positive for this gene. It has been well demonstrated that #ss#-7 positive S.
aureus strains are spreading in the human population, although the proportion varies from
area to area. For example, the proportion of #sst-1 positive S. aureus strains ranges from 0%

in Italy to 68% in Iran [Antoci et al., 2013; Sina et al., 2013; Wang et al., 2017; Zarei
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Koosha et al., 2016]. Similar to the present study, no tsst-/ was found in dairy cows’ milk in
Tunisia [Ben Said et al., 2016]. However, the two previous studies in Ethiopia reported zsst-
1 in 15% and 47% dairy products, respectively [Seyoum et al., 2016; Tarekgne et al., 2016].
This variation may result from the difference in the sample collection procedure. In the
present study, milk samples were directly collected from udder quarters to sterile containers
whereas Seyoum et al. (2016) collected on-farm pooled and combined bulk tank milk and
Tarekgne et al. (2016) collected bulk milk and milk product samples which could possibly
be contaminated by human S. aureus strains either during processing or from the containers

in case of the bulk milk samples.

The tsst-1 positive S. aureus isolates in the present study were not only human restricted but
also clonally related. Most of them fall in the CC5 (66.7%) and CC22 (27.7%). Consistent
with the present study, tsst-1 was detected predominantly in CC5 up to 96.3% in China [He
et al., 2018; Wang et al., 2017]. The study by Wang et al. (2017) also showed that zsst-1-
positive CCS5 strains were found associated with higher mortality. Hence, the existence of
tsst-1-positive CCS strains in the present study warrants better infection prevention practices

should be in place in the study area.

spa typing is one of S. aureus typing tools and characterized by its excellent discriminatory
power, ease of performance, cheaper procedure, and standardized nomenclature [ Asadollahi
et al., 2018]. To date there are more than 17897 S. aureus spa types from 135 countries as

indicated in the SpaServer Database (https://www.spaserver.ridom.de/).

In the present study, 98.4% S. aureus isolates were successfully typed using the Ridom spa
typing method. This resulted in 61 different spa types and out of these, five were novel and
all of them were originated from human; i.e. spa types t17828, t17829, t17830, t17831 and
t17832. This is the first report in Ethiopia. Of the overall 61 different spa types identified,
t042 (16.3%) was the most common followed by t355 (12.6%) and t306 (7.4%). However,
there was variation on spa types between human and cows’ isolates. Among the human
clinical isolates, t355 was the most dominant (19%) and followed by t306 (8.3%), t084 and
t085 (6.6% each), t127 (5%) and t314 (4.1%). Similar findings have been reported in two
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different studies on human clinical S. aureus isolates from Ghana showed t355 as the most
common spa type [Dekker et al., 2016; Egyir et al., 2014]. Egyir et al. (2014) found t355 in
19% of isolates followed by t084 (12%) and t314 (6%). Similarly, Dekker et al. (2016)
found t355 in 19.6% followed by t084 and t314 (each account for 14.3%) and t311 (8.9%).
In contrast, t084 was the most common spa type in Nigeria [Ayepola et al., 2015] and
China [Wu et al., 2010], t891 (13.9%) in South Africa [Oosthuysen et al., 2014] and t003 in
Russia [Baranovich et al., 2010].

S. aureus isolates from milk of dairy cows (only 7 different spa types) were less diversified
compared to human isolates where 50 different spa types of SSTI isolates and 19 different
spa types of nasal isolates that are highly diversified. Similarly, a recent study from South
Africa also reported bovine isolates were genetically less diversified compared to human S.
aureus isolates [Schmidt ef al., 2017]. In the present study, the spa type t042 was the most
dominant accounting for two third (61.7%) of milk isolates from dairy cows followed by
t2856 (19.1%), t306 (6.4%), t085 and t4206 (2/47, 4.3% each). This is inagreement with the
recent study in North-Western Ethiopia where t042 was the most frequent spa type
accounting for 58% of bovine quarter milk isolates [Mekonnen et al., 2018]. However, the
previous study on bulk milk and milk products in Northern Ethiopia found t314 as the most
frequent spa type (20.7%) followed by t458 (18.3%) and t6218 (9.8%) [Tarekgne et al.,
2016]. In the present study, t458 was detected from one isolate which was from milk;
however, no milk isolate was either t314 or t6218. Interestingly, five isolates with spa type
t314 and four with spa type t6218 in this study were human clinical isolates. It is therefore
possible that S. aureus spa type t314 and t6218 are human strains and their existence in the
bulk milk and milk product samples in the previous study might be due to human
contamination. Like the human clinical isolates, the dominant S. aureus spa types from milk
vary from location to location. For example, t2421 was the leading spa type in Tunisia [Ben
Said et al., 2016], t7753 and t1398 in Uganda [Asiimwe ef al., 2017b] and t127 in Brazil
[Silva et al., 2013].
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In the present study, S. aureus isolates of nasal origin were the most genetically diverse
where 19 different spa types were documented from 22 isolates. However, no predominant

spa type could be identified from these nasal colonizing strains.

The spa types common to both human and dairy cows in this study included t042, t306,
t085, t2856 and t5338. Among theses, t306 seems to be the most identified spa type in both
human and animals detected in 6.4% of dairy cows’ isolates, 8.3% of human clinical isolates
and 4.5% of nasal colonizing isolates of dairy farmers. The spa type t085 was detected in
4.3% of cows’ isolates and 6.6% human clinical isolates. spa t042, which was the most
frequent spa type among the cows’ isolates, also isolated from nare of dairy farm workers
(4.5% of isolates) and from human SSTIs (0.8% of isolates). The spa t2856 constituted
19.1% of the cows’ isolates and 4.5% of nasal isolates but not detected from SSTIs. The spa
type t5338 was found in one cow, one nasal and one SSTI isolates. Collectively, these spa
typing data indicated that there are some S. aureus strains adapted to both human and dairy
cows in the study area particularly spa t306 and t085 which were capable of causing human

SSTIs and exist in cows’ udder quarters.

Based on the spa sequence information, 90.5% of the total S. aureus were assigned into 12
probable clonal complexes (CCs). The identified CCs include CC1, CC5, CCS8, CCI15,
CC22, CC25, CC80, CC81, CC88, CC121, CC152 and CC239. The leading CC among the
human clinical isolates was CC152 (20.7%) followed by CC15 (19%) and CC5 (16.5%).
This is in agreement with a previous study on SSTIs isolates from asylum seekers from
Eritrea and individuals in contact with them in Switzerland reported CC152 and CC15
strains cause most SSTIs infections [Jaton ef al., 2016]. This indicates that CC152 and CC15
strains are highly spread in the two neighboring countries and possibly eastern Africa.
Similarly, the two studies from Ghana also reported CC152 and CC15 as the most common
CCs in human clinical isolates [Dekker et al., 2016; Egyir et al., 2014]. In contrast, the most
common clonal complex among human clinical isolates was CC8 followed by CCS5 in
Colombia [Vanegas Munera et al., 2017] and CC891 in South Africa [Oosthuysen et al.,
2014]. The present study also found that half of the MRSA isolates were CC239, which is
globally spread.
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In the present study, most of the S. aureus isolates from dairy cows (83%) were CC80
followed by CC5 (6.4%), CC15 (4.3%), CC1 and CC81 (2.1% each). This in contrast, CC5
was the predominant clonal complex among milk isolates in Kenya [Omuse et al., 2016];
CC97 followed by CC1 and CCI15 in Tunisia [Ben Said et al., 2016]; CC398, CC97, and
CCl in Italy [Locatelli et al., 2017] CC1 and CC126 in Brazil [Silva et al., 2013].

LIMITATIONS OF THE STUDY

e Chromogenic media was not used for screening MRSA; hence, some MRSA strains
might be missed or passed undetected.

e MLST was not performed on selected isolates because of budget constraints

CONCLUSIONS

In the present study, S. aureus was isolated from 34.6% of skin and soft tissue infections,
31% of nares of farm workers and 12.5% of milk of dairy cows in Mekele, Northern
Ethiopia. Highest resistance was observed for Penicillin (92.7%), but no resistance was
observed for Vancomycin, Daptomycin and Rifampin. This study reports mecA positive S.
aureus (MRSA) in 2.1% of the isolates, in which all of them were of human origin. Human
clinical isolates were more multi-drug resistant (35.8%) compared to nasal colonizing
isolates (13.6%) and cows’ milk isolates (6.3%). More than 80% of human clinical isolates
harbored at least one of the 11 genes tested as compared to 31% in cows’ milk isolates.
Among the toxin genes, pvl was the most common gene harbored by 36.8% of the overall
isolates and was found significantly higher on SSTIs isolates (53.7%) compared to nasal
(13.6%) and milk (4.2%) isolates. Of the superantigen genes, seg and sei were the most
frequently detected (29%) followed by seb (19%), sea (16%) and sec (15%). No see positive
S. aureus was found in this study. The tsst-1 was detected from 12% of SSTIs and 18.2% of
nasal isolates but not from milk. Two third of the #ss¢-1 positive strains were CC5. Overall,
S. aureus isolates showed high genetic diversity where 61 different spa types were detected
grouped in 12 CCs. However, dairy cows isolates were less diversified compared to human

isolates. Among the SSTI isolates, t355 was the most dominant (19%) followed by t306
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(8.3%), t084 and t085 (6.6% each). On the other hand, t042 was the most common
accounting for two third of the milk isolates followed by t2856 (19.1%) and t306 (6.4%).
The spa type t042, 306, t085, 12856 and t5338 were common to both human and dairy cows
indicating a possibility of human-animal cross-transmission in the study area. The most
common clonal complex among the SSTI isolates was CC152 whereas CC80 among the

milk isolates. S. aureus strains of CC152 and CC121 were all pvi-positive.

RECOMMENDATIONS

The following recommendations were made based on the findings of the present study:

. Findings of the present study indicate that S. aureus is a significant cause of skin and
soft tissue infections in human and intramammary infections in dairy cows. Hence,
measures to reduce/prevent infection such as improving infection prevention
practices in the hospital, keeping hygiene of the dairy cows and educating the
community to practice the best possible personal hygiene are recommended.

. The high prevalence of penicillin resistance but low MRSA prevalence in this study
suggests that antibiotics in the Oxacillin group can still be recommended for the
treatment of Skin and soft tissue infections in the study area. However, the detection
of multidrug resistant S. aureus, such as the MRSA strains of the CC239 which are
spread globally, warrants implementation of antimicrobial stewardship for the
prevention and containment of antimicrobial resistance in the study area and
throughout the country.

. We recommend molecular technique for drug resistance detection, virulence
profiling and genotyping in the country.

. Although the present study determined the genotypic characteristics of S. aureus
clinical isolates for the first time in the country, we recommend a larger study
representing the different regions of the country to be conducted for conclusive

national data for policy makers, clinicians and researchers.
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ANNEXES

Annex I: Information sheets

Annex I-A: Information sheet for Adult study participants with skin and soft tissue

infections

I-A: English Version

Title of the project: Phenotypic and molecular characterization of Staphylococcus aureus
from human and animals in Mekele, Northern Ethiopia

Principal investigator: Alem Abrha (BSc, MSc, PhD candidate in Medical Microbiology)
Organization: Addis Ababa University; college of Health Sciences; Department of
Microbiology, Immunology and Parasitology

Sponsors: Addis Ababa University, the Ohio State University

Introduction: S. aureus is a commensal and dangerous pathogen capable of infecting
virtually every tissue of the body. Skin and soft tissue infections in the community, and
surgical site infections in the health care setting are mainly caused by this bacterium.
Besides to human infections, S. aureus can also colonize and infect animals; where mastitis
in dairy animals being the best example. Studies from abroad demonstrated that infected
animals by S. aureus can act as a reservoir for zoonotic infections of humans. Despite its
importance to public and animal health, data regarding molecular types, zoonotic

transmission and toxin characteristics of S. aureus are lacking in Ethiopia.

Study participants: This study involves patients with community onset skin and soft tissue
infections, postoperative wound infections at Ayder referral Hospital; dairy cows and farm

workers in and around Mekele. Therefore, you are kindly invited to participate in this study.

Purpose of the study: to determine the burden and drug resistance pattern of
Staphylococcus aureus from community onset skin and soft tissue infections, post-operative
wound infections, bovine mastitis and dairy farm workers; to understand the molecular types

of S. aureus isolates and their virulence characteristics in the study setting.
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Duration: the duration of this study depends on the availability of study participants; but it
is estimated that it can take about four months. However, laboratory sample from you will

be collected only once.

Procedure: the procedure is easy and simple; first you will be asked few questions and then
wound swab/ pus sample will be collected by trained nurse. The sample will be transported
to laboratory for analysis. If S. aureus is isolated, it will be transported to abroad for further

investigation.

Risk and discomfort: You may feel minor discomfort during sample collection. However,
to minimize discomfort; collection will be performed by trained nurse following appropriate

precaution.

Expected benefits: The laboratory investigations will be performed free of charge and
results will be communicated with your physician; so that, you can get appropriate medical
care. Besides the direct benefit you can get, the information gained from you and others will

help to consider S. aureus infection prevention and control strategy at local or national level.

Confidentiality: We respect your privacy and confidentiality. Any information that
identifies you will not be shared with anyone else outside the study team. If a research
article or publication comes from this study, you will not be identified by name. The
information we collect as part of the study will be kept in a locked file cabinet, or be

protected by a password on the computer only accessible to personnel involved in the study.

Voluntary Participation and Withdrawal: The participation is completely voluntary and
you have the right not to participate in this study. You can stop yourself from participating
in the study at any time after giving your consent. This decision will not affect in any way

your current or future medical care in the health facility.

Contact information: If you have any questions about this study you can ask now or
contact the following investigators and the ethics committee for further information. Alem
Abrha (Tel 0911784037); Dr. Daniel Asrat (Tel 0911223019); Dr. Yimtubezenash
Woldeamanuel (Tel 0911225832); IRB-CHS (Tel : +251-118961396).
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Annex I-B: Information sheet for dairy farm workers

I-B: English Version

Title of the project: Phenotypic and molecular characterization of Staphylococcus aureus
from human and animals in Mekele, Northern Ethiopia

Principal investigator: Alem Abrha (BSc, MSc, PhD candidate, Medical Microbiology)
Organization: Addis Ababa University, college of Health Sciences, Department of
Microbiology, Immunology and Parasitology

Sponsors: Addis Ababa University, the Ohio State University

Introduction: S. aureus is a commensal and dangerous pathogen capable of infecting
virtually every tissue of the body. Skin and soft tissue infections in the community, and
surgical site infections in the health care setting are mainly caused by this bacterium.
Besides to human infections, S. aureus can also colonize and infect animals; where mastitis
in dairy animals being the best example. Studies from abroad demonstrated that infected
animals by S. aureus can act as a reservoir for zoonotic infections of humans. Despite its
importance to public and animal health, data regarding molecular types, zoonotic

transmission and toxin characteristics of S. aureus is lacking in Ethiopia.

Study participants: This study involves patients with community onset skin and soft tissue
infections, postoperative wound infections at Ayder referral hospital; dairy cows and farm

workers in and around Mekele. Therefore, you are kindly invited to participate in this study.

Purpose of the study: to determine the burden and drug resistance pattern of
Staphylococcus aureus from community onset skin and soft tissue infections, post-operative
wound infections, bovine mastitis and dairy farm workers; to understand the molecular types

of S. aureus isolates and their virulence characteristics in the study setting.

Duration: the duration of this study depends on the availability of study participants; but it
is estimated that it can take about four months. However, laboratory sample from you will
be collected only once.

Procedure: the procedure is easy and simple; first you will be asked few questions and then
nasal swab will be collected with great care. The sample will be transported to Laboratory

for analysis. If S. aureus is isolated, it will be transported to abroad for further investigation.
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Risk and discomfort: You may feel minor pain during sample (nasal swab) collection.
However, to minimize discomfort; the sample will be collected by trained professional with

appropriate precaution.

Expected benefits: The laboratory investigations will be performed free of charge. The
information gained from you and others will help to consider S. aureus infection prevention

and control strategy at local or national level.

Confidentiality: We respect your privacy and confidentiality. Any information that
identifies you will not be shared with anyone else outside the study team. If a research
article or publication comes from this study, you will not be identified by name. The
information we collect as part of the study will be kept in a locked file cabinet, or be

protected by a password on the computer only accessible to personnel involved in the study.

Voluntary Participation and Withdrawal: Your participation is completely voluntary and
you have the right not to participate in this study. You can stop yourself from participating
in the study at any time after giving your consent. This decision will not affect you by any

means.

Contact information: If you have any questions about this study you can ask now or
contact the following investigators and the ethics committee for further information. Alem
Abrha (Tel 0911784037); Dr. Daniel Asrat (Tel 0911223019); Dr. Yimtubezenash
Woldeamanuel (Tel 0911225832); IRB-CHS (Tel : +251-118961396).
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I-B: Information sheet (Tigrigna version)
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Annex I-C: Information sheet for Parents/guardians

I-C: English Version

Title of the project: Phenotypic and molecular characterization of Staphylococcus aureus
from human and animals in Mekele , Northern Ethiopia

Principal investigator: Alem Abrha (BSc, MSc, PhD fellow in Medical Microbiology)
Organization: Addis Ababa University, college of Health Sciences, Department of
Microbiology, Immunology and Parasitology

Sponsors: Addis Ababa University, the Ohio State University

Introduction: S. aureus is a commensal and dangerous pathogen capable of infecting
virtually every tissue of the body. Skin and soft tissue infections in the community, and
surgical site infections in the health care setting are mainly caused by this bacterium.
Besides to human infections, S. aureus can also colonize and infect animals; where mastitis
in dairy animals being the best example. Studies from abroad demonstrated that infected
animals by S. aureus can act as a reservoir for zoonotic infections of humans. Despite its
importance to public and animal health, data regarding molecular types, zoonotic

transmission and toxin characteristics of S. aureus is lacking in Ethiopia.

Study participants: This study involves patients with community onset skin and soft tissue
infections, postoperative wound infections at Ayder referral hospital; dairy cows and farm
workers in and around Mekele. Therefore, you are kindly invited to let your child participate

in this study.

Purpose of the study: to determine the burden and drug resistance pattern of
Staphylococcus aureus from community onset skin and soft tissue infections, post-operative
wound infections, bovine mastitis and dairy farm workers; to understand the molecular types

of S. aureus isolates and their virulence characteristics in the study setting.

Duration: the duration of this study depends on the availability of study participants; but it
is estimated that it can take about four months. However, laboratory sample from your child

will be collected only once.
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Procedure: the procedure is easy and simple; first you will be asked few questions and then
wound swab/ pus sample will be collected from your child by trained nurse. The sample will
be transported to Laboratory for analysis. If S. aureus is isolated, it will be transported to

abroad for further investigation.

Risk and discomfort: Your child may feel minor discomfort during sample collection.
However, to minimize discomfort; sample will be collected by trained nurse following

appropriate precautions.

Expected benefits: The laboratory investigations will be performed free of charge and
results will be communicated with your child’s physician for better medical care. Besides
the direct benefit your child can get, the information gained from him/her and others will

help to consider S. aureus infection prevention and control strategy at local or national level.

Confidentiality: We respect your child’s privacy and confidentiality. Any information that
identifies your child will not be shared with anyone else outside the study team. If a research
article or publication comes from this study, your child will not be identified by name. The
information we collect as part of the study will be kept in a locked file cabinet, or be

protected by a password on the computer only accessible to personnel involved in the study.

Voluntary Participation and Withdrawal: The participation is completely voluntary and
you have the right not to let your child participate in this study. You can stop your child
from participating in the study at any time after giving your consent. This decision will not

affect in any way your child’s current or future medical care in the health facility.

Contact information: If you have any questions about this study you can ask now or
contact the following investigators and the ethics committee for further information. Alem
Abrha (Tel 0911784037); Dr. Daniel Asrat (Tel 0911223019); Dr. Yimtubezenash
Woldeamanuel (Tel 0911225832); IRB-CHS (Tel : +251-118961396).
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Annex I-D: Information sheet for 12-18 years old study participants with skin and soft

tissue infections

I-D: English Version

Title of the project: Phenotypic and molecular characterization of Staphylococcus aureus
from human and animals in Mekele, Northern Ethiopia

Principal investigator: Alem Abrha (BSc, MSc, PhD candidate in Medical Microbiology)
Organization: Addis Ababa University; college of Health Sciences; Department of
Microbiology, Immunology and Parasitology

Sponsors: Addis Ababa University, the Ohio State University

Introduction: S. aureus is a commensal and dangerous pathogen capable of infecting
virtually every tissue of the body. Skin and soft tissue infections in the community, and
surgical site infections in the health care setting are mainly caused by this bacterium.
Besides to human infections, S. aureus can also colonize and infect animals; where mastitis
in dairy animals being the best example. Studies from abroad demonstrated that infected
animals by S. aureus can act as a reservoir for zoonotic infections of humans. Despite its
importance to public and animal health, data regarding molecular types, zoonotic

transmission and toxin characteristics of S. aureus are lacking in Ethiopia.

Study participants: This study involves patients with community onset skin and soft tissue
infections, postoperative wound infections at Ayder referral hospital; dairy cows and farm

workers in and around Mekele. Therefore, you are kindly invited to participate in this study.

Purpose of the study: to determine the burden and drug resistance pattern of
Staphylococcus aureus from community onset skin and soft tissue infections, post-operative
wound infections, bovine mastitis and dairy farm workers; to understand the molecular types

of S. aureus isolates and their virulence characteristics in the study setting.

Duration: the duration of this study depends on the availability of study participants; but it
is estimated that it can take about four months. However, laboratory sample from you will

be collected only once.
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Procedure: the procedure is easy and simple; first you will be asked few questions and then
wound swab/ pus sample will be collected by trained nurse. The sample will be transported
to laboratory for analysis. If S. aureus is isolated, it will be transported to abroad for further

investigation.

Risk and discomfort: You may feel minor discomfort during sample collection. However,
to minimize discomfort; collection will be performed by trained nurse following appropriate

precaution.

Expected benefits: The laboratory investigations will be performed free of charge and
results will be communicated with your physician; so that, you can get appropriate medical
care. Besides the direct benefit you can get, the information gained from you and others will

help to consider S. aureus infection prevention and control strategy at local or national level.

Confidentiality: We respect your privacy and confidentiality. Any information that
identifies you will not be shared with anyone else outside the study team. If a research
article or publication comes from this study, you will not be identified by name. The
information we collect as part of the study will be kept in a locked file cabinet, or be

protected by a password on the computer only accessible to personnel involved in the study.

Voluntary Participation and Withdrawal: The participation is completely voluntary and
you have the right not to participate in this study. You can stop yourself from participating
in the study at any time after giving your consent. This decision will not affect in any way

your current or future medical care in the health facility.

Contact information: If you have any questions about this study you can ask now or
contact the following investigators and the ethics committee for further information. Alem
Abrha (Tel 0911784037); Dr. Daniel Asrat (Tel 0911223019); Dr. Yimtubezenash
Woldeamanuel (Tel 0911225832); IRB-CHS (Tel : +251-118961396).
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Annex II: Concent forms
Annex II-A: Consent form for study participants with skin and soft tissue infections

IT-A: Consent form English Version

I have been requested to participate in this study which involves collection of wound
swab/pus specimen and in which I will answer few questions. The purpose of the study and
sample collection procedure has been explained to me. I have also read the information sheet
(or it has been read to me); I have understood that this study is about burden of
Staphylococcus aureus in hospitals and dairy farms found in Mekele ; which is one of the
leading causes of community acquired skin and soft tissue infections, post-operative wound
infection and bovine mastitis in the world. I have also informed that the bacteria will be
transported abroad for further investigation with appropriate handling and for the study
purpose only. Furthermore, I have informed that the information obtained from me will be
kept confidential and used for the study purpose. I have asked some questions and
clarification has been given to me. I have given my consent to participate in the study and I

hereby confirm my agreement with my signature.

Full Name Signature Date

Study
participant

Consent taker

Witness
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II-A: Consent form Amharic Version
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N2ATT7 P84 ATéoNNT: CLVEL P& PIT ROA  A7OT AT Pl AP
m-t A7LNNT helforme PP JUPNET  VIC PRI U7
AJdochhd Aa-éPO PH0A ARTCE  ATIPST  RTRPT AL FAU-::
N6 "769° Q- HCPw.7 ATel"7¢ 9°Cové- NP7 26 HLH & @ 711G
ATRULLE: TNPATA:: AU he POLTT@7 TiF @9 ol® (1°7.0m.C
A1R7L0NT APSTE 9177 AOF AR HLEFAV: (0TaoanlT9C IND
CAVTEAYT PERPTT mLE O “1(06Ce AT FAV-::

NaoP19° NPG-1: AATG: L.PLE 1Y:: L. PLYIETI° 14LCT8% AEIMINAY-::

av-(. o9J° &C77 +77

Cra-l: 1474,

.9 LYy PoNLm- OAov- P

o 0nc
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II-A: Consent form Tigrigna Version

TACE PAin

AN, §L 9°CI°C 07%T NPOIG GToo§ ANl ThUNT @ ST et J-T
ThAPANT IO ANT:: §ek 079 M7 Gov§  ANGef4 AGNNT
TINONL Al:: hed Al 9°CI°C 07%T RTONP AP (TIL-AL AR)::
Ut Al 9°CI9°C 07%T1T Al aoFA NCOE PATIATT hCA SCLT hARI®
007 §8 SCOT A TNNTE RTNTT Lhé-ao POl EOANT A7éN07 mell
AANY® 007 90l NP°0h ECI° I Al 5% N%e- Nl NJ-dachhd ho-4PN
NANYa AECPe 79°6AL h9°Wh HeS%h AP:: h9hw.? kil AnlCe
7TToN, PComé TN @A, 9% DPHHLL 1141 Ak:: hae nChN 979
9Lt owldSRS ANLAPC D NEANT k. PCIPC 019t G veL
N No-0A7 T10.0-08 AR:: Al oogh O HEOCVAL I T meF Ao,
ao A, L0 KP::

OAH, A 9°CI°C 07%T 790G GFLE AP:: GFLYTL 77 NLC™L
L0 ANT-::

oo AR N9 é&C7Y oAt

A4 Al PCIC 019 T

CFLYY T HoAL (N19A9°P

o 0nc
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Annex II-B: Consent form for dairy farm workers

II-B: Consent form English Version

I have been requested to participate in this study which involves collection of specimen and
in which I will answer few questions. The purpose of the study and sample collection
procedure has been explained to me. I have also read the information sheet (or it has been
read to me); I have understood that this study is about burden of Staphylococcus aureus in
hospitals and dairy farms found in Mekele ; which is one of the leading causes of
community acquired skin and soft tissue infections, post-operative wound infection and
bovine mastitis in the world. This bacterium is also found in the nares of healthy individuals.
I have also informed that the bacteria will be transported abroad for further investigation
with appropriate handling and for the study purpose only. Furthermore, I have informed that
the information obtained from me will be kept confidential and used for the study purpose. I
have asked some questions and clarification has been given to me. I have given my consent

to participate in the study and I hereby confirm my agreement with my signature.

Full Name Signature Date

Study
participant

Consent taker

Witness
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II-B: Consent form Amharic Version

ATICE PP

Y PI°CI°C PG Nowdtg PANLAE Goo-§ RT7LAPST P PLERPT7
ATLaoAN  FNMAV:: PPGE 9497 PANCGAS Goo-Go-  AANAA
TNECHFATAN:: PICIC PG “PNECPLaT  RPNLPAY  (TINATA):
eoPr9° PpG-1: %477 ooFp (1977 VAT 0T AT PA9° w1~ ACHAPT
NGA“VT7 P$8 A 7é07: CLVL P& PIGT RAN A 7é.007 AG Pl A9
met A7N07 helfoomS OO ALT  A%7% o0r ho1TT 7PP7
JUVPONLT I0C PRI PP T O Jd.achhh ho-éP0 ¢-HAA QRHC P AIPST
ATRUY ALLETFAU . M Ten"169° OR-THC L7 ATen“16 9°Covd- (1979
TeH L @ PIC RILILLE MIALATA:: AT09° h: POLTT .7
TG @9°  oolB N00m.C ATLOLPHT  APGE %9477 ANF ATL9%.m.A
TLEFAV: MV Tooa) LA VA0 PAPTATYT PLEPTT med € 0GP
AT FAD-:

NP 19° NP5 AwA-TG L.PLE 175:: L.PLHY1ETI° 14LC% REIDINAY-::

av-(. po9J° &C77 +77

L AL B Y T A

4.P LYy PoNLm- OAov- P

o nnc
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II-B: Consent form Tigrigna Version

TACE PAin

AN, TL 9°CI°C 079 NI°0I-G Goo-§ ANGAS ThvNT7 a.deS T dht-JT
TACANT AI0MH AQNTD:: Tk 07%T T Goo G ANGAR4 AhANNAT
TI000L AQ:: hbI Al I°CIC 07%T AT0.0¢ AP (TIL(FAL AR)::
Nt At 9°CI°C 0791 AN ooPA NCO PATITATT MCA GCLPT AAMY
007 G BCOT R 1NN7: A 7éNNT LmG-ooPOincl: EOAT W77 el
AAMY® 007 9 HI°0h7 Al AGTeR W1 A0 Q0 HCh(- ZCI° I Al
+897L NG¢ HhH OJ&ahhd hAo-éPO0 WNYA ACPe 79°4AL hyenh
Té4h AP:: NP°h@7 &AL OHCP 7o, Covdéd G0 094, %%
nenNnee ré Af:: e HCchn NhY 2L onldSAI N0 1PC
N> N7 vl 9°CI°C 077%T it 1L NI°Ho-ON7 110006 AL:: Al
oA HENCUAL Mt meTF A0 ovA), &N KP::

OAH, A 9°CI°C 07%T 790G GFLE AP:: GFLYTL 77 NLC™L
L0 ANT::

oo-A-A N9° &C77 oAt

T4 4 Ak I°CI°C 0791

CFLYT NoOL (12A9°F

o nnc
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Annex II-C: Consent form for Parents/guardians
II-C: Consent form English Version

I have been requested to let my child participate in this study which involves collection of
specimen and in which I will answer few questions. The purpose of the study and sample
collection procedure has been explained to me. I have also read the information sheet (or it
has been read to me); I have understood that this study is about burden of Staphylococcus
aureus in hospitals and dairy farms found in Mekele ; which is one of the leading causes of
community acquired skin and soft tissue infections, post-operative wound infection and
bovine mastitis in the world. I have also informed that the bacteria will be transported
abroad for further investigation with appropriate handling and for the study purpose only.
Furthermore, I have informed that the information obtained from my child will be kept
confidential and used for the study purpose. I have asked some questions and clarification
has been given to me. I have given my consent to let my child participate in the study and I

hereby confirm my agreement with my signature.

Full Name Signature Date

Parent/guardian

Consent taker

Witness
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II-C: Consent form Amharic Version

ATICE PP

Yy PI°CC 15T AL ATL2ATF/ATLTATE AT PANG-A¢  Goo§
ATLOAT/RTLETAT A75.0:9° PEAT PCERPTT RILovAO TN AY:: CPG:
949G PANLAS  Goo-Gm-  AANAAN AHNECEATA:: PIPCIC  PSOT
NNEC LT RPNLPAY: (T10ATA): NooPr9° CrG-k 9477 avFa 07T
VAT 0T AT PA° @1 ACALT 907117 P$8 W 1nNi7: PLVL P&
1T ROA  ATéNNT WG PolT A9 mel A7éN07 helPoom- 7PP7
JVPONLT I0C PRI PP T OJd.achha ho-éP0 ¢-HAA QRHC P AIPS T
ATRUY ALLTFAU . M Tenn"169° ON-THC L7 ATen"76 9°Covd- (1979
TEH & @ PIC A72°7%L IAPATA:: A1%.09° WAL L1777
ME@9°  owlE  N7.0m.C A1LCLPNT  APST: 2477 NF RI1L9%m.A
TLEFAV: MVTooa) LA VA0 PAPTATYT PLEPTT med € TGP
AT FAD-:

NaoPt9® AL, NPl AT2ATG/ATEAATSE LIPS 4% 4.1 LTI
N&CT % ALIM1MNAY-::

oo\ po9° &G +77

oA/ rhahq,

8.7 PoNLo-
(1A ov- @

o nnc
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II-C: Consent form Tigrigna Version

TACE PAin

AN, TL  I°CIC 0719 SAOAL NVTFE/ATATET  Goo§ ANLAL
nvN/ntvN nEPL7 NPha7 @.dvS T It TTAPANT IO AN
Cet 07%T U7 Gov§ ANLoAS AANNNT7 000 L AR:: hbI AL
J°CI°C 67%T AN AP (TILOAL AR):: T AL 9°CI°C 07%T Al
P NCH UALIATT MCA SCLT AAMYI® 007 T8 $COT A 7én07:
A7N07 Limb-ao POl BEONT A76007 m(l AAm9® 007 90 HI°Oh-
LC@Iot At P89 0Gé- AN AJdachha hao-éP0 WN7a QRGP
79°GAL NICND HLAN AP W9h-@7 Al O TCP o, 9°Covd. G
09h. 249 hePnNaee i A%:: Al $A%L NChN 9IS Lh T
ol BRI NLAPC NIPNTRNT vl °CIC 079 Tt 1L NI Ho-OA7
TINO0L AR:: Al ool HENCUAL et T mPF AhOIN avA,
LN AP

NAH,. AL 9°CI9°C  07%T SALL T/ T HATe GFLT  AP::
CFLYYPTL 7 ANLCNL PLI0 AN

oo AR N9 é&C7Y oAt

®A4L/7ha™aq,

CF LYY NoNL
N%Aq° ¢

o nnc

136




Annex II-D: Assent form for 12-18 years old study participants with soft tissue

infections

II-D: Consent form English Version

I have been requested to participate in this study which involves collection of wound
swab/pus specimen and in which I will answer few questions. The purpose of the study and
sample collection procedure has been explained to me. I have also read the information sheet
(or it has been read to me); I have understood that this study is about burden of
Staphylococcus aureus in hospitals and dairy farms found in Mekele ; which is one of the
leading causes of community acquired skin and soft tissue infections, post-operative wound
infection and bovine mastitis in the world. I have also informed that the bacteria will be
transported abroad for further investigation with appropriate handling and for the study
purpose only. Furthermore, I have informed that the information obtained from me will be
kept confidential and used for the study purpose. I have asked some questions and
clarification has been given to me. I have given my consent to participate in the study and I

hereby confirm my agreement with my signature.

Full Name Signature Date

Study
participant

Assent taker

Witness
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II-D: Consent form Amharic Version

ATICE PP

Y PI°CI°C PG Nowdtg PANLAE Goo-§ RT7LAPST P PLERPT7
ATLaoAN  FNMAV:: PPGE 9497 PANCGAS Goo-Go-  AANAA
TNECHFATAN:: PICIC PG “PNECPLaT  RPNLPAY  (TINATA):
eoPr9° PpG-1: %477 ooFp (1977 VAT 0T AT PA9° w1~ ACHAPT
NGA“VT7 P$8 A 7é07: CLVL P& PIGT RAN A 7é.007 AG Pl A9
ml A7éNN7  helfoom- P77 JVPALT  NINC PRI CPIT
NJ-&achha  ho6P0 QA QRTCPe  ATMPST T A7 AL TFAU::
0-1en.749° AO1-CPw.7 O1T6"7¢é 9°Covéd N7 9E€ LR oL @ YIC
AT7L94L MMALATA:: R1.09° 0 COLTT.7 11T @.9° ool% 0°.0m.C
AT297.0NT APGT: 2477 ANF R1L7%@.A AL TNV MN-Tovn.lA9° DA
PCAVTATYT PPEPTT Pk I “PNECPE RVTFAU::

NaoP19° NPG-: AATG: L.PLE 1Y:: L. PLY1ETI° 14LCT8% AEIMNAY-::

ov<(. pog° &G +77

Cra-l: 1474,

4P LT P00k OAov- @

o nnc
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II-D: Consent form Tigrigna Version

TACE PAin

AN, TL 9°CI°C 079 NI°0I-G Goo-§ ANGAS ThvNT7 a.deS T dht-JT
TACANT AI0MH AQNTD:: Tk 07%T T Goo G ANGAR4 AhANNAT
TI000L AQ:: hbI Al I°CIC 07%T AT0.0¢ AP (TIL(FAL AR)::
Nt At 9°CI°C 0791 AN ooPA NCO PATITATT MCA GCLPT AAMY
007 G BCOT R 1NN7: A 7éNNT LmG-ooPOincl: EOAT W77 el
AAMI® 007 -l H9°0h PCI° I A-l: $5°% 0G4 Hehd O J-d.achhn Ao-éP0
H-NYa QR-FCPe 79°6 AL h9°Nh 4A%h AP:: h9ha 7 kL QTGP
7oA, PCovl G0 o7, 245 NP@PNNe L 11147 Ak:: Qe NChN 9°79°
9L awldSAD ANLATPC NICHEANT . PCIPC 0% N Pé-g
N No-0A7 10008 A%:: Al ooen A NLNCUAL htJ T meF Ao,
oo\, &N AP

OAH, A 9°CI°C 07%T 790G GFLE AP:: GFLYTL 77 NLC™L
L0 ANT::

oA/ N9 &C77 oAt

T4 4 Ak I°CI°C 0791

CFLYT NoOL (12A9°F

o nnc
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Annex III: Questionnaire/ Data collection forms

Annex III-A: Data collection sheet for study participants with community onset Skin

and soft tissue infections

Annex III-A: English Version

Code: ...........
Name of Data collector: .........cccevuvnennn. Date: / /
TR 1. Ayder referral hospital
Q1 Name of health institution 2. Other, specify ..c.coovvvviiniinnnnnn
1. Emergency
2. Surgery
Q2 Department 3. Pediatrics OPD
4. Adult medical OPD
5. Other, specify
Q3 Patient card number | ..
Q4 Residence 1. Rural 2. Urban
. Region..................... Z0Ne .....ivniininnnnn.
Q3 Patient address Woreda ........ccceennnn.ns Kebelle ...........cce......
Q6 Date of Hospital visit / / E.C
Q7 Sex 1. Male 2. Female
Q8 Age in years years
Q9 Occupation
Q10 Have you taken any antibiotics in the past one | 1. Yes, specify the drugname? .......................oo.eees
year? 2.No
. . 5
Q11 | Have you had surgery in the past one year? é I\\(Izs, specify the site of surgery? ............cooeiiiinnt.
How often do you visit health care/hospital in
[ 7 S
the past one year?
— - —
Q13 | Have you had SSTI in the past 1 year? é IS\KI(e)s, specify site of infection? ...............c.coiiil.
Is there any houschold member with SSTIs 1. Yes, specify your relation with the member? .........
Q14 | currently?
2. No
Q15 Was there any household member with SSTIs | 1. Yes, specify your relation with the member? .........
in the past 1 year? 2. No
i ?
Q16 | Do you have any domestic animals? é IS\KI(e)s, listthem? .....ooooiiiiiiii e
1. Impetigo 2.Boil 3. Folliculitis 4. Carbuncle
Q17| Type of SSTI Other, Specify ......oceviviiiiiiiiiiiains
. 1. Abdomen 2. Back 3. Thorax
QI8 | Location of SSTIs 4. Head and neck 5. Leg 6. Other, Specify
Q19 | Prescribed antibiotic(s) at time of acute SSTI | ... i
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Annex III-B: Data collection sheet for patients with clinically suspected surgical site

infections

Annex I1I-B: English Version

Code: ...............
Name of Data collector: Date: / /
. 1. Ayder referral hospital
1| Hospital Name 2. Mekele hospital
1. Surgical
2. | Hospital department 2. Gynecology and obstetrics
3. Other, specify ...........coocviiiiiiiiiin,
3. |Patient ID | ..
4. | Date of Hospital admission / /
5. | Sex 1. Male 2. Female
6. | Age at date of operation in years | ......... years
7. | Residence 1. Rural 2. Urban
8 . Region..................... ZONe .....oooviiiinnnnn.
Residence address Woreda ...........c.o.o..... Kebelle .....................
9. | Occupation | ...
10. | Date of Operation / /
11.] Operation ID |
12, Was an endoscope used during the 1 Yes 2 No
procedure?
13 Wound contamination class 1. Clean 2. Contaminated
) 2. Clean-contaminated 4. Dirty or infected
1. Abdomen 2.Back 3. Thorax
14.| Location of wound 4. Head and neck 5. Leg 6. Other,
Specify..................
15 Duration of operation in minutes to
"| (from skin incision to skin closure) | 7T T T
16.| Was antibiotic prophylaxis given? ; I\\(Izs, list the antibiotics used............cccovvvvinnnnnn..
17. Has . the. patient developed - a 1. Yes 2.No — Go to N° 20
surgical site infection?
18. | If yes, specify date of onset of SSI / /
19 Type of SSI 1. Superficial incisional 2. Deep incisional
) 2. Organ/space 4. Unknown
20. | Hospital stay From / /. to [/ /-
1. Discharge
. 2. Transfer to other hospital
21.| Outcome of the patient 3. Death
4. Other, specify ...........cocoiiiiiii.
22.| Date of outcome / /
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Annex III-C: Data collection sheet for dairy farm workers in and around Mekele

Annex III-C: English Version

Name of Data and sample collector: .....................

Code: ceevvennnnn
Date: / / E.C

1 Dairy farm name | ...

Location 1. Rural 2. Urban
3 Region..................... ZONC ..oovviiiiannannn,

Address Woreda ........c.ceeennnns Kebelle ...........c.ce..ee.
4 Sex 1. Male 2. Female
5 Age in years years
6 Specific duty in the farm | .................. ...
7 For how long do you

o years

serve in this farm?

8 Have you ever worked in
) o 1. YES, for how long ....... years
a dairy farm before joing
2. NO

here?

9 Do you work in other

dairy farm other than this

dairy farm now?

1. YES, specify name of the dairy farm
2. NO
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Annex III-D: Data collection sheet for lactating dairy cows in Mekele

III-D: English Version

Code: ...........
Name of Data and sample collector: .................o.e.... Date: / / E.C
1 Dairy farm name | ...icciiiiiiiiiinionn
2 Age in years years
3 Location 1. Rural 2. Urban
4 Breed type 1. Local breed
2. Other, specify
5 How long is after davs
calving? (indays) | 77T Y
6 Parity (How many times
does this cow give birth?) | 7T
7 Did this cow take an .
antibiotics within the las}; 1. Yes, specify the drug/s .........cooviiiiiiiiii e
2. No
one year?
8 o 1. Manual (using hands
Milking process 2. Using m(achinge )
9 Teat lesion: 1. Yes, specify udder quarter.........
Visual inspection of 2. No
udder quarters 10 Udder Swelling | 1. Yes, specify udder quarter ..........
2. No
1. Normal
11 | Viscosity 2. Watery, specify udder quarter.......
3. Thicker than normal, specify udder quarter...
. . . . 1. Normal
Visual inspection of milk 12 | Color 2. Yellow, specify udder quarter.......
3. Blood-tinged, specify udder quarter......
13 | Consistency 1. Normal .
2. 13Flakes or clots; specify udder quarter......
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Annex IV: Culture and antimicrobial susceptibility data

1. Culture result

B-hemolysis on Mannitol Slide Tube DNase Is the isolate S.
. Catalase

Blood agar fermentation coagulase | coagulase test aureus?

2. Antimicrobial susceptibility testing
o L Interpretive Criteria (nearest whole mm) AST result | Interpretati
Antimicrobial disc
Sensitive Intermediate Resistant (mm) on

Penicillin (10 units) >29 — <28
Cefoxitin *(30 pg) >22 — <21 mm
Erythromycin (15 pg) >23 14-22 <13
Clindamycin (2 pg) >21 15-20 <14
D-test
Tetracycline (30 pg) >19 15-18 <14
Trimethoprim-
Sulphamethoxazole >16 11-15 <10
(1.25/23.75 pg)
Rifampin (5 pg) >20 17-19 <16
Vancomycin E-test >16 pg/ml 4-8 pug/ml <2 pg/ml ug/ml
Daptomycin E-test — - <1 pg/ml ug/ml

* Cefoxitin is used for preliminary screening of MRSA
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Annex V: Molecular Characterizations Procedures and Data collection forms

Annex V-A: nuc gene detection

PCR mix preparation

Thermo-cycler setup

Components Volume/r Steps Temp. Time
eaction Step 1: initial 0 .

1 nuc F 1l denzturation 94°C 2 min

2 nuc R 1 ul 94 °C 2 min

3 Molecular grade | 22 ul Step 2: 30 cycles 60 °C 1 min
water 72°C 2 min

4 DNA template 1 ul Final extension 72°C 2 min
Total 25 ul Hold at 4°C

Electrophoresis (5 pl of PCR product)
o 1.5% Agarose gel: at 90V for 1 hour
S.No | Sample | Result S.No | Sample | Result S.No | Sample | Result
code code code

1. 17. 33.

2. 18. 34.

3. 19. 35.

4. 20. 36.

5. 21. 37.

6. 22. 38.

7. 23. 39.

8. 24. 40.

9. 25. 41.

10. 26. 42,

11. 27. 43.

12. 28. 44,

13. 29. 45.

14. 30. 46.

15. 31. 47.

16. 32. 48.
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Annex V-B: Multiplex PCR for detection of spa/pvi/mecA/mecC

Forward primers: spa-1113F, pvl-F, mecA P4, mecA gars1 MultiFP

Reverse primers: spa-1514R, pvl-R, mecA P7, mecA;gazs1 MultiRP

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products: spa(variable:200-600bp); mecA (162 bp); mecC (138bp); pvl (~85bp)

PCR mix preparation Thermo-cycler setup
Components Volume/reaction Steps Temp. Time
1 Forward primers | 2 pl (0.5ul each) Step 1: initial 94 °C 5 min
2 Reverse primers | 2 pl (0.5ul each) denaturation
3 Molecular grade | 19 ul 94 °C 30 sec
water Step 2: 30 cycles 59 °C 1 min
4 DNA template | 2 ul 72°C 1 min
Total 25 ul Final extension 72°C 10 min
Hold at 4°C

Electrophoresis (8 pl of PCR product)
e 2% Agarose gel: at 100V for 100 minutes

S.No | Sample Result
code spa pvi mecA mecC
1
2
3
4
5
6
7
8
9
10
11
12
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Annex V-C: Multiplex PCR for the detection of sea/seb/sec/seh/sej genes

Forward primers: sea-F, seb-F, sec-F, seh-F, sej-F

Reverse primers: sea-R, seb-R, sec-R, seh-R, sej-R

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products: sea (521bp); seb (667bp); sec (284bp); seh (359bp), sej (142bp)

PCR mix preparation

Thermo-cycler setup

Components Volume/reaction Steps Temp. Time
1 | Forward primers 4.25 ul (sea,seb, sej Step 1: initial 0 .
=0.75ul each; sec, denaturation %°C 10 min
she = 1 pl each) 95°C 1 min
2 | Reverse primers 4.25 pl (sea,seb, sej Step 2: 15 cycles 66 °C 45 secs
=0.75ul each; sec, 72 °C 1 min
she = 1 pl each) 95°C 1 min
3 | Molecular grade 12.5 ul Step 3: 20 cycles 63 °C 45 secs
water 72°C 1 min
4 | DNA template 4ul Final extension 72°C 10 min
Total 25 ul Hold at 4°C
Electrophoresis (8 pl of PCR product)
o 2% Agarose gel: at 100V for 100 minutes
S. No Sample Result
code sea seb sec seh sej
1
2
3
4
5
6
7
8
9
10
11
12
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Annex V-D: Multiplex PCR for the detection of sed/see/seg/sei/tsst-1 genes

Forward primers: sed-F, see-F, seg-F, sei-F, tsst-F

Reverse primers: sed-R, see-R, seg-R, sei-R, tsst-R

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products: sed (385bp); see (171bp); seg (328bp);

sei (466bp), tsst (559bp)

PCR mix preparation

Thermo-cycler setup

Components Volume/reaction Steps Temp. Time
1 Forward primers | 4ul (sed,see, seg, Step 1: initial 0 .
sei =0.75ul each; denaturation 95°C 10 min
tsst =1 ul) 95°C 1 min
2 Reverse primers | 4ul (sed,see, seg, Step 2: 15 cycles 66 'C 45 secs
sei =0.75ul each; 72 °C 1 min
tsst =1 ul) 95°C 1 min
3 Molecular grade | 13 ul Step 3: 20 cycles 63 °C 45 secs
water 72°C 1 min
4 DNA template 4l Final extension 72°C 10 min
Total 25 ul Hold at 4°C
Electrophoresis (8 pl of PCR product)
e 2% Agarose gel: at 100V for 100 minutes
S. No Sample Result
code sed see seg sei tsst
1
2
3
4
5
6
7
8
9
10
11
12
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Annex V-E: Multiplex PCR for ccr typing

Primers: mA1l, mA2, al, a 2, a 3, Bc, 04.2, 4.2, YR, yF

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products

mecA (mA1- mA2) 286
ccrAl-cerB (al- Bec) =type 1 cer 695
ccrA2-cerB (02- Bc) = type 2 cer 937
crA3-ccrB (02- Be) = type 3 cer 1,791
ccrA4-ccrB4 (04.2- f4.2) = type 4 ccr 1,287
ccrC (YR - yF) = type 5 ccr 518

Remarks: 2 pl of the DNA template. Run: 2% agarose gel run at 130V for 1h

PCR mix preparation Thermo-cycler setup
Components Volume/reaction Steps Temp. Time
2 Primers 5 pl (0.5pl each) Step 1: initial 0 .
3 Molecular grade | 19 pl denaturation 947C 2 min
water 94 °C 2 min
4 DNA template 1l Step 2: 30 cycles 57°C 1 min
Total 25 ul 72°C 2 min
Final extension 72°C 2 min
Hold at 4°C
Electrophoresis (8 pl of PCR product)
o 2% Agarose gel: at 90V for 1:30 hours
S.No | Sample Cecr type
code cerl ccr? ccr3 ccrd cers
1
2
3
4
5
6
7
8
9
10
11
12
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Annex V-F: Multiplex PCR for detection of mecA class and SCCmec typing

Primers: ml6, IS7, IS2(iS-2), mA7

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products

mecA-mecl (mA7- ml6) = class A 1,963
mecA-1S1272 (mA7-1S7) = class B 2,827
mecA-1S431 (mA7-IS2 [iS-2]) = class C 804

Remarks: 2 pl of the DNA template. Run: 2% agarose gel run at 130V for 1h

PCR mix preparation

Thermo-cycler setup

Components Volume/reaction Steps Temp. Time
2 Primers 2 ul (0.5ul each) Step 1: injtial 94 9C 2 min
3 Molecular grade 22 4l denaturation _
water 94 °C 2 min
4 DNA template 1l Step 2: 30 cycles 60 °C 1 min
Total 25 ul 72°C 2 min
Final extension 72°C 2 min
Hold at 4°C
Electrophoresis (8 pl of PCR product)
o 2% Agarose gel: at 90V for 1:30 hours
5. No Szgilp;le Y megA class C cer type SCCmec type
1
2
3
4
5
6
7
8
9
10
11
12
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Annex V-G: Multiplex PCR setup and data collection form for SCCmec IV sub-typing

Primers: 1a3, 1a4, 4al, 4a3, 4b3, 4b4, 4c4, 4¢5, 4d3, d4

PCR beads: Illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare Bio-Sciences, USA)

PCR products

E007 in type 1.1 SCCmec (1a3-1a4) 154 bp

CQO02 in type IV.1 (IVa) SCCmec (4al-4a3) 458 bp

MO01 in type IV.2 (IVb) SCCmec (4b3-4b4) | 726 bp

CRO08 in type IV.3 (IVc) SCCmec (4cd-4¢5) | 259 bp

D002 in type IV.4 (IVd) SCCmec (4d3-4d4) 1,242
bp

Remarks: 2 pl of the DNA template. Run: 2% agarose gel run at 130V for 1h

PCR mix preparation Thermo-cycler setup
Components Volume/reaction Steps Temp. Time
2 Primers 5 pl (0.5ul each) Step 1: initial 0 .
3 Molecular grade | 19 pl denaturation 947C 2 min
water 94 °C 2 min
4 DNA template 1l Step 2: 30 cycles 60 °C 1 min
Total 25 ul 72°C 2 min
Final extension 72°C 2 min
Hold at 4°C

Electrophoresis (8 pl of PCR product)

o 2% Agarose gel: at 90V for 1:30 hours

S. No Sample SCCmec 1V sub-type
code IVa | IVb | IVe | IVd

1

2

3

4

5

6

7

8

9

10

11

12
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Annex VI: Laboratory procedures and Interpretations

A. Gram staining technique

The Gram staining reaction is used to help identify pathogens by their Gram reaction (Gram

positive or Gram negative) and morphology.

Required reagents

Crystal violet stain— primary stain
Lugol’s iodine — mordant
Acetone—alcohol — decolorizer

Neutral red, 1 g/l (0.1% w/v) — secondary stain

Procedure
1. Prepare a smear from pure fresh colony
2. Fix the smear (alcohol fixation)
3. Cover the fixed smear with crystal violet stain for 30—60 seconds
4. Rapidly wash off the stain with clean water
5. Tip off all the water, and cover the smear with Lugol’s iodine for 30—60 seconds
6. Wash off the iodine with clean water
7. Decolorize rapidly (few seconds) with acetone—alcohol. Wash immediately with
clean water.
8. Cover the smear with neutral red stain for 2 minutes
9. Wash off the stain with clean water

10. Wipe the back of the slide, and place it in a draining rack for the smear to air-dry

11. Examine the smear microscopically, with the 100x objective to report the bacteria

and cells

Interpretation
Gram positive bacteria . .. .......... Dark purple
Yeastcells....................... Dark purple
Gram negative bacteria . ......... Pale to dark red
Nucleiofpuscells....................... Red
Epithelialcells .. ...................... Pale red
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B. Catalase test (tube method)
This test is used to differentiate bacteria that produce the enzyme catalase, such as
Staphylococci, from non-catalase producing bacteria such as streptococci. Catalase acts as a
catalyst in the breakdown of hydrogen peroxide to oxygen and water. An organism is tested
for catalase production by bringing it into contact with hydrogen peroxide. Bubbles of
oxygen are released if the organism is a catalase producer. The culture should not be more
than 24 hours old.
Required

Hydrogen peroxide, 3% H,0,

Procedure
1. Pour 2-3 ml of the hydrogen peroxide solution into a test tube.
2. Using a sterile wooden stick or a glass rod (nota nichrome wire loop), remove
several colonies of the test organism and immerse in the hydrogen peroxide solution.
Note: Care must be taken when testing an organism cultured on a medium containing
blood because catalase is present in red cells. If any of the blood agar is removed with
the organism, a false positive reaction may occur.

3. Look for immediate bubbling as shown in Plate

Interpretation
Active bubbling .. .......... Positive catalase test
Nobubbles.............. Negative catalase test

C. Coagulase test

This test is used to identify S. aureus which produces the enzyme coagulase. Coagulase
causes plasma to clot by converting fibrinogen to fibrin. Two types of coagulase are
produced by most strains of S. aureus: Free coagulase which converts fibrinogen to fibrin
by activating a coagulase-reacting factor present in plasma. Free coagulase is detected by
clotting in the tube test. Bound coagulase (clumping factor) converts fibrinogen directly to
fibrin without requiring a coagulase reacting factor. It can be detected by the clumping of
bacterial cells in the rapid slide test. Note: A tube test must always be performed when the

result of a slide test is not clear, or when the slide test is negative
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Required
e EDTA anticoagulated human plasma or rabbit plasma. The plasma should be
allowed to warm to room temperature before being used.
Procedure
Slide test method (detects bound coagulase)
1. Place a drop of distilled water on each end of a slide or on two separate slides.
2. Emulsify a colony of the test organism (previously checked by Gram staining) in
each of the drops to make two thick suspensions.
Note: Colonies from a mannitol salt agar culture are not suitable for coagulase
testing. The organism must first be cultured on nutrient agar or blood agar.
3. Add a loopful (not more) of plasma to one of the suspensions, and mix gently. Look
for clumping of the organisms within 10 seconds. No plasma is added to the second
suspension. This is used to differentiate any granular appearance of the organism

from true coagulase clumping.

Interpretation

Clumping within 10secs . ............ S. aureus

No clumping within 10 secs. .. ....... No bound coagulase
Controls

Positive coagulase control: Staphylococcus aureus

Negative coagulase control: Escherichia coli or Staphylococcus epidermidis

Tube test method (detects free coagulase)

1. Take three small test tubes and label:
T = Test organism (18—24 h broth culture)*
Pos = Positive control (18-24 h S. aureus broth culture)*
Neg = Negative control (sterile broth)*
*Nutrient broth is suitable

2. Pipette 0.2 ml of plasma into each tube.

3. Add 0.8 ml of the test broth culture to tube T.
Add 0.8 ml of the S. aureus culture to the tube labelled ‘Pos’.
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Add 0.8 ml of sterile broth to the tube labeled ‘Neg’.

4. After mixing gently, incubate the three tubes at 35-37 °C. Examine for clotting after
1 hour. If no clotting has occurred, examine after 3 hours. If the test is still negative,
leave the tube at room temperature overnight and examine again.

Note: When looking for clotting, tilt each tube gently.

Interpretation
Clotting of tube contents or fibrin clotintube . .......... S. aureus
No clotting or fibrinclot........... Negative test

D. Antimicrobial susceptibility testing (disc diffusion method): Modified Kirby-Bauer
technique
Disc diffusion techniques are used by most laboratories to test routinely for antimicrobial
susceptibility. A disc of blotting paper is impregnated with a known volume and appropriate
concentration of an antimicrobial, and this is placed on a plate of susceptibility testing agar
uniformly inoculated with the test organism. The antimicrobial diffuses from the disc into
the medium and the growth of the test organism is inhibited at a distance from the disc that
is related (among other factors) to the susceptibility of the organism. Strains susceptible to
the antimicrobial are inhibited at a distance from the disc whereas resistant strains have
smaller zones of inhibition or grow up to edge of the disc.
Required
Mueller Hinton agar
Antimicrobial discs
Turbidity standard equivalent to McFarland 0.5
Preparation of turbidity standard
1. Prepare a 1% v/v solution of sulphuric acid by adding 1 ml of concentrated sulphuric
acid to 99 ml of water. Mix well.
Caution: Concentrated sulphuric acid is hygroscopic and highly corrosive, therefore do
not mouth pipette, and never add the water to the acid.
2. Prepare a 1% w/v solution of barium chloride by dissolving 0.5 g of dihydrate
barium chloride (BaCl,.2H,0) in 50 ml of distilled water.
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Add 0.6 ml of the barium chloride solution to 99.4 ml of the sulphuric acid solution,
and mix.
Transfer a small volume of the turbid solution to a capped tube or screw-cap bottle of

the same type as used for preparing the test and control inocula.

When stored in a well-sealed container in the dark at room temperature (20-28 °C), the

standard can be kept for up to 6 months.

Procedure

1.

Using a sterile wire loop, touch 3—5 well-isolated colonies of similar appearance to
the test organism and emulsify in 3—4 ml of sterile physiological saline or nutrient
broth.

In a good light match the turbidity of the suspension to the turbidity standard (mix
the standard immediately before use). When comparing turbidities it is easier to view
against a printed card or sheet of paper.

Using a sterile swab, inoculate a plate of Mueller Hinton agar. Remove excess fluid
by pressing and rotating the swab against the side of the tube above the level of the
suspension. Streak the swab evenly over the surface of the medium in three
directions, rotating the plate approximately 60° to ensure even distribution.

With the petri dish lid in place, allow 3—5 minutes (no longer than 15 minutes) for
the surface of the agar to dry.

Using sterile forceps, needle mounted in a holder, or a multidisc dispenser, place the
appropriate antimicrobial discs, evenly distributed on the inoculated plate. Note: The
discs should be about 15 mm from the edge of the plate and no closer than about 25
mm from disc to disc. No more than 6 discs should be applied (90 mm dish). Each
disc should be lightly pressed down to ensure its contact with the agar. It should not
be moved once in place.

Within 30 minutes of applying the discs, invert the plate and incubate it aerobically
at 35 °C for 16-18 h (24 hours forcefoxitin).

After overnight incubation, examine the control and test plates to ensure the growth

is confluent or near confluent. Using a ruler on the underside of the plate measure the
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diameter of each zone of inhibition in mm. The endpoint of inhibition is where

growth starts.

Interpretation
Interpretive Criteria (nearest whole mm)
Antimicrobial disc

Sensitive Intermediate Resistant
Penicillin (10 units) >29 - <28
Cefoxitin *(30 pg) >22 — <21 mm
Erythromycin (15 pg) >23 14-22 <13
Clindamycin (2 ug) >21 15-20 <14
D-test
Tetracycline (30 pg) >19 15-18 <14
Trimethoprim-
Sulphamethoxazole >16 11-15 <10
(1.25/23.75 pg)
Rifampin (5 pg) >20 17-19 <16
Vancomycin E-test >16 pg/ml 4-8 pg/ml <2 pg/ml
Daptomycin E-test — - <1 pg/ml

* Cefoxitin is used for preliminary screening of MRSA
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E. Protocol for DNA extraction using the DNeasy® Blood & Tissue kit for Gram

Positive Bacteria

Things to do before starting

1. Prepare enzymatic lysis buffer using the following protocol
e 20 mM Tris-HCI (PH 8.0)
e 2 mM sodium EDTA
e 1.2% Triton X-100

e Immediately before use, add lysozyme (20mg/ml)

2. Preheat a heating block or water bath to 37°C

3. Preheat a heating block or water bath to 56°C

Procedure

1.

Harvest bacteria in 1500 ul molecular grade water in a sterile 1.5 ml microcentrifuge
tube.

Centrifuge for 10 min at 7500 rpm. Discard supernatant

. Resuspend bacterial pellet in 180 pl enzymatic lysis buffer. Vortex.

Incubate for at least 30 min at 37°C. Remove from heating block and vortex
afterwards.

Add 25 pl proteinase K and 200 ul Buffer AL (without ethanol). Mix by vortexing.
Incubate at 56°C for 30 min. Remove from heating block and vortex afterwards.

Add 200 pl of 96-100% ethanol to the sample, and mix thoroughly by vortexing.

Pipet the mixture (including any precipitate) into the DNeasy Mini spin column.

Centrifuge at 8000 rpm for 1 min. Discard flow-through and collection tube.
. Place the spin column in a new 2 ml collection tube.
. Add 500 pl Buffer AW1
. Centrifuge for 1 min at 8000 rpm. Discard flow-through and collection tube.
. Place the spin column in a new 2 ml collection tube.
. Add 500 pl Buffer AW2
. Centrifuge for 3 min at 14,000 rpm. Discard collection tube.
. Place the spin column in a clean 1.5 ml microcentrifuge tube.

. Pipet 100 pl molecular grade water in to spin column.
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18. Incubate at room temperature for 1 min.

19. Centrifuge for 1 min at 8000 rpm to elute.
20. Store elute at 4 °C

F. Agarose Gel Electrophoresis

Gel electrophoresis is the standard laboratory procedure for separating DNA by size for

visualization and purification. Electrophoresis uses an electrical field to move the negatively

charged DNA through an agarose gel matrix toward a positive electrode. Shorter DNA

fragments migrate through the gel more quickly than longer ones. Thus, it is possible to

determine the approximate length of a DNA fragment by running it on an agarose gel

alongside a DNA ladder (a collection of DNA fragments of known lengths).

Required materials and reagents

An electrophoresis chamber Electrodes
Power supply ¢ ' Voltage Source

Gel casting trays

Sample combs Well Combs
Electrophoresis buffer (Tris-acetate-

EDTA, TAE)

Loading buffer Gel Box Agraose Gel
Ethidium bromide (EtBr)

Transilluminator

Preparation of 1000ml 1x TAE from 50x TAE stock solution

Take 20 ml of 50x TAE stock solution in an Erlenmeyer flask and make the volume

to 1000 ml by adding 980 ml of distilled water.

Preparation of 2 % Agarose Gel

1
2
3

Measure 2 g of agarose

Mix agarose powder with 100 mL 1XTAE in a microwavable flask.

Microwave for 1-3 min until the agarose is completely dissolved (but do not over
boil the solution, as some of the buffer will evaporate and thus alter the final

percentage of agarose in the gel).
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Note: It is a good idea to microwave for 30-45 sec, stop and swirl, and then continue

towards a boil.

4. Let agarose solution cool down to about 50°C (about when you can comfortably

keep your hand on the flask).

Add Ethidium bromide (EtBr) to a final concentration of approximately 0.2-0.5

pg/mL (usually about 2-3 pl of lab stock solution per 100 mL gel). EtBr binds to the

DNA and allows to visualize the DNA under ultraviolet (UV) light.

Note: Caution EtBr is a known mutagen. Wear a lab coat, eye protection and gloves
when working with this chemical.

Pour the agarose into a gel tray with the well comb in place.

Note: Pour slowly to avoid bubbles which will disrupt the gel. Any bubbles can be
pushed away from the well comb or towards the sides/edges of the gel with a
pipette tip.

Let the poured gel sit at room temperature for 20-30 minutes, until it has completely

solidified.

Loading Samples and Running an Agarose Gel:

1.

Add loading buffer to each of the PCR product samples.

Note: Loading buffer serves: 1) to provides a visible dye that helps with gel loading
and allows gauging how far the gel has run; 2) the glycerol in it increases the
density of the DNA sample causing it settle to the bottom of the well, instead of
diffusing in the buffer.

Once solidified, place the agarose gel into the gel box (electrophoresis unit).

Fill gel box with 1XTAE (or TBE) until the gel is covered.

Note: Remember to add EtBr to the buffer. EtBr is positively charged and will run
the opposite direction from the DNA. So if you run the gel without EtBr in the
buffer you will reach a point where the DNA will be in the bottom portion of the
gel, but all of the EtBr will be in the top portion and your bands will be
differentially intense.

4. Carefully load a molecular weight ladder into the first lane of the gel.
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5. Carefully load your samples into the additional wells of the gel.

,. « . ""'-:J! . "_N

6. Run the gel at 100 V for 100 minutes until the dye line is approximately 75-80% of
the way down the gel.

Note: Black is negative, red is positive. (The DNA is negatively charged and will run

towards the positive electrode.) Always Run to Red.

7. Turn OFF power, disconnect the electrodes from the power source, and then

carefully remove the gel from the gel box.
8. Place the gel directly on a transilluminator to visualize DNA fragments (bands).

Note: When using UV light, protect your skin by wearing safety goggles or a face

shield, gloves and a lab coat.

Analyzing the Gel
Using the DNA ladder in the first lane as a guide, interpret the bands in the sample lanes.
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Annex VII: Material Transfer Agreement (MTA)

Annex VI: Material Transfer Agreement

This Material Transfer Agrecment (MTA) has been prepared for use by the Department of
Microbiology, Immunology and Parasitology; Collepe of Health Seicnees; Addis Ababa
University (hereinafter referred to as “Provider™) and The Ohio State University and its
investigator Wondwossen Gebreves thereinafter referred 1o as “Recipient”) in all transfer of
research material (samples, derivatives, and specimens) related 10 the protocol, Phenotvpic and
molecular characterization of Stapfivlococeus enens from _human and animals in Mekelle,
Morthern Ethiopia,

Provider: Department of Microbiology, Immunoloey and Parasitolopy: Collese of Health
Sciences: Addis Ababa University

Recipient: The Ohio State University. Columbus, Ohio, USA

I. Provider agrees to transfer to recipient designated (Qhio State Universitv. USA) the
following research materials fspecimen: Bacterial isolates (“Research Material™)

The research material will only be used for research purposes as described in the protocol by
Recipient’s investigator in 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. Recipient agrees to comply with all National and Intemnational 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 Na[ ]

b) If ves. are they collected according to the details in the protocol and in adherence 0
Mational Research Ethics Review Commillee (NRERC) and Addis Ababa University,
collese of health sciences Ethics Review Committee recommendations and their
approval?

Yes[] Mol

2. This research material and its derivatives will be used by Recipient’s investigator solely in
connection with the following research project ("Research Project™ described with
specificity as follows: Phenotypic and molecular characterization of Staphviococens anreus
from human and animals in Mekelle, Northern Ethiopia.

3. Recipient will acknowledge Provider as the source of the Materials in all publications of
results involving the Materials. Neither Party will use the name of, or imply endorsement of,
the other or any of such other Party’s personnel in connection with any commercial or
promotional activities. Recipient will also provide the Research Project results to Provider,
including a preview copy of any publication.

. : _ N osy F'.g]_rr-:ﬂr;1&nt no MWD - 102 %ﬁ%
A a = ﬁvﬂlﬁ
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e

Ihis research material represents a significant contribution on the part of Provider and is
considered proprictary to Provider. Recipient therelore asrces 1o retain control over this
research Material and Turther agrees not o transfer the rescarch material to ather 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
Research Project,

This Agreement may be terminated on the first to occur of the following: 1) completion of
the Research Project; or 2) with 30 days prior written notice by cither Party. This MTA shall
terminate five (5) years from the Effective Date. Recipient will return or dispose of all
unused Research Material whenever the Research Project discontinues or is terminated.

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 samples,

i

This research material is provided as a service to the research community. IT 1S BEING
SUPPLIED TO RECIPIENT WITH NO WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING ANY WARRANTY OF ERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. Provider makes no representations that the use of the Research
Material will not infringe any patent or proprietary right of third parties.

7. Recipient will notify Provider of any Madifications (“Modifications™). “Modifications”
means substances created by Recipient thal contain or incorporate all or any part of the
Research Material. Upon written request, Recipient will provide Provider’s providing
scientist a sample of Modifications for rescarch purposes within thirty (30) days of such
request.

8. Recipient will promptly notify Provider of any inventions or discoveries arising from the
Research Project. Ownership will follow inventorship. which will be determined by the
refative contributions of the Parties and applicable Jaw.

9. The under-signed provider and recipient expressly certifv and affirm that the contents
of any statements made herein are truthful and accurate.

10, Any additional terms (use an attached page if necessary): None.

11. The provider maintains, ownership right of the research material and its unmodified
derivatives unless stated otherwise.

The provider will retain a copy (aliquot) of every sample sent abroad as much as possible for
local research needs.

The Parties have caused this MTA to be signed as of December 17, 2015 (“Effective Date™) by
their duly authorized representatives, and warrant the authority of such representative to legally
bind such Party. A facsimile or electronically scanned signature will be deemed sufficient
evidence of a Party’s execution of this MTA.
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Material Transfer Agreement

Signature page

For Recipicnt:
Recipient’s Investigator

Wondwogsen A. Gebreyes,

Mailing Address for Material:

Department of Veterinary Preventive
Medicine

1900 Coffey Rd.

Columbus. OH 43210

Tel: 614-292-9559

Fax: N/A

For Provider
Provider's Investigator

Abrha, M.Sc.

ﬂ',':j_,kéﬂ?ji olf”

Mailing Address:

Ale

Date:

Department of Microbiology, Immunology
and Parasitology; School of Medicine,
college of Health Sciences, Addis Ababa
University, Addis Ababa, Ethiopia

P.o.Box: D086

Tel: +215-5528726

Fax: +251-115513099

164

2N BENNEL.

Director = TCO

DEC 29 2015
Mailing Address for Natices:
1524 Morth High St.
Columbus, OH 43201

Tel: 614-247-6633

Fax: 614-292-8907

Date:

Duly Authorized
Tamrat Abebe, Ph.D,
Chair, DMIP

Date; 2' EEI gllﬂl[\/

Mailing Address for Notices:
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Department of Microbiology, Immunology
Schoal
college of Health Sciences: Addis Ababa
University; Addis Ababa; Ethiopia

P.o.Box: 9086

Tel: +215-552R8726

Fax: +251-115513009

and Parasitology; of  Medicine;
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