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ABSTRACT

Stuphylococcus epidermidis is coagulase-negative staphylococei that frequently cause device or

urgery-associated nosocomial infections worldwide. Methicillin resistant S epidermidis
(MRSE) have been reported with very serious clinical implications. The antibiotics in clinical
use are associated with high resistance levels and non-affordability duc 10 high prices. Carica
papaya that has been documented to have antimicrobial properties might be able to offer a
solution. This study was therefore aimed at determining the antibacterial activity ol . pupava
and common antibiotics against MRSE isolated from wards surfaces of Kampala International

University Teaching Hospital. Uganda.

Swab samples collected from selected ward surfaces were inoculated on Mannitol salt agar for

N

olation of S. epidermidis. The isolates were tested against common antibiotics (Amikacin 30,

Cefazolin 30ug. Celoxitin 30ug. Trimethoprim-sullamethoxazole 25ug. Ciprofloxacin 30pg and

Gentamicin 30pg) using the disc diffusion method. Isolates resistant to Cefoxitin were subjected
0 O papaya leal and seed erude extracts using agar well diffusion method. Minimum Inhibitory
‘MIC) and Bactericidal concentration (MBC) of the C. papaya leaf and seed crude extracts were

letermined. meeA gene was detected from MRSE using conventional Polymerase chain reaction

Jut of the 363 swab samples analyzed. 112 (30.85%) prevalence of S, epidermidis was obtained.
soth 0 papaya Teal and seed crude extracts (methanol and acetone) exhibited antibacterial
wetivity against MRSEE with MICs and MBCs ranges of 250 1o 31.2mg/ml and 125 10 31 3mg/m!
or leaf and seed extracts respectively. Out of 112 S, epidermidis isolates. 11 (9.8%) were found

esistant o Cefoxitin and all were positive for mecA gene.

[his study concludes that S. epidermidis is present in KIU-TH wards surfaces. 1{ was resistant to
rimethoprim-sulfamethoxazole (80.4%) and sensitive to Cefazolin (93.8%) and all the
1(9.8%) isolates resistant to Cefoxitin were positive [or mecA gene. Carica papaya leaf and
ced crude exuracts (methanol and acetone) were effective against MRS It is therefore
ccommended that KIU-TH should use stronger disinfectants such as those containing phenol.
nguanides and  halogens 10 decomaminate  wards  surfaces. In addition. Trimethoprim-
ulfamethoxazole should not be prescribed in cases . epidermidis is implicated. Carica papaya

cafand seed crude extracts could be a source of novel antibiotics for treatment of MRSI:,

RV




CHAPTER ONE: INTRODUCTION

1.0 Introduction

This study investigated the antibacterial activity of Carica papava and common antibiotics
against S epidermidis isolated from KIU-TH wards surfaces. The chapter consists of the
background of the study. statement ol the problem, rescarch objectives. rescarch questions.
justification/significance. diagrammatic and description of conceptual [rame work. and scope ol

the study.
1.1 Background of the study

Staphylococcus epidermidis is one of the gram positive. coagulase-negative staphylococei that
frequently cause device- or surgery-associated nosocomial infections worldwide (Hidron er ..
2008). These infections include: respiratory and surgical site. urinary tract infections. meningis.
dlood stream infections. pastroenteritis and endocarditis. all of which are considered life-

hreatening. Among these. prosthetic valve endocarditis is the highest risk with 25% mortality

worldwide (Samuel er «/.. 2010: WHO. 2011). Two million people are affected with these
wsocomial infections annually, and 3% 1o 15% of them result in hospitalization

Apanga er al.. 2014),

&

globallv

[he United State nationwide Surveillance and Control of Pathogens of Epidemiological
mportance (SCOPE) database reported that the most common pathogens recovered {rom
1socomial bloodstream infections within a seven vears period were S, epidermidis (31%).
ollowed by S curens (20%) (WisplinghofT er al.. 2004). According to Azeez (2012). the rates
' nosocomial Staphylococcal infection range from 2 10 49% in Sub-Saharan Africa and vary
vith the environment, intensive care units (ICUs) having the highest occurrence rates of 21.0-

15.6%. In Uganda. the prevalence of S. epidermidis is approximately 15%. according 1o a siuds

onducted in Mulago Teaching and National Relerral Hospital, Kampala (Okee of ol 2012,
wnother study conducted in Makerere between August 2012 and July 2013 revealed that out of
87 1solates. 27% were coagulase-negative staphylococei of which 60% were resistant 1o the

ommon antibiotics tested (Kajumbula, 2014).




The occurrence of drug-resistance among nosocomial pathogens has resulted in the emergence
and re-emergence of difficult-to-treat infections in patients depicting the pre-antibiotic cra
(Mbim er al. 2016). Drug-resistant strains of S. epidermidis (DR-SI) have become a very serious
clinical problem, due to the difficultics in cradicating their infections from colonized devices
(Fitzpatrick ef al., 2005). S epidermidis is resistant against many of today’s commonly used
antibiotics. including methicillin, which is mediated by the mecd gene encoding a penicillin
binding protein with reduced affinity to beta-lactam antibiotics similar to that in S aurels
(Hiramatsu er «l.. 2002). It is also resistant to Amikacin and Gentamic n by acquiring resistant
genes called aac and ant plasmids which are Aminoglycoside modilying enzymes that change the
target ol the antibiotic. It became resistant to Ciprofloxacin through gyrA resistant gene which
iterferes with the activity of an enzyme gyrase. Resistance to Trimethoprim/Sulfamethoxazole
is mediated by SXZ-dhps resistant gene which target cnzyme modification system (Daniela er
al.. 2015). A previous study recommends the use of Vancomycin, Gentamicin, Cefazolin,
Linezolid and Telavancin for the treatment of Methicillin resistant S, epidermidis (Fang er al..
2011). However, most of the antibiotics recommended are the second line drugs and are also
expensive: hence a need for an alternative measure against infections. especially from natural
sources such as Ethno-medicinal plants.
Medicinal plants such as C. papaya, Ficussycomorus Linn. (Moraceae). Balanites aegyptica 1.
Drel (Balantiaceae). Sesbania sesban Linn.(Papilionaceac), Tamarindus indica 1. (Fabaceae).
Alhiziacoriaria Welw. ex Oliv (Fabaceace) are rich sources of medicine and can provide possible
inexpensive alternatives in the treatment of resistant microbial strains, due to the presence of a
nultitude of phytochemical compounds which are linked to antimicrobial activities (Arujothi ¢/
i, 2014 Caluwe er al., 2010). C. papaya L. (pawpaw), which belongs to the family Carlcaccac.
s a medicinal plant recognized as an effective natural medicine in controlling both oedema and
nflammation associated with surgical operations (Otsukia er «/.. 2010}, P hytochemicals. such as
annins, alkaloids and phenolic compounds present in different parts of ¢ papayva. have been
shown to treat different ailments (Doughari er al.. 2007). The leaf extracts of ¢ papaya have
seen reported to inhibit growth ol several pathogens. including Coagulase positive S aurens and
Joagulase negative S. epidermidis and also used as soap substitute for the treatment ol skin
nfections (Anibijuwon and Udeze. 2009: Nagesh and Samreen. 2016). Furthermore. (' papayd

seeds are known to suppress worms. hence are used in the treatment of internal parasites. and




dysentery in humans: and are also clfective against S aurcews and Bacillis siubiilis (Udoh er ul..
2005: Faisal er al.. 2016).

The effect of . papaya seeds extract on S. epidermidis. however, has not been widely explored.
Hence a need to evaluate the antibacterial activity ol C. papaya on S. epidermidis isolated from

Hospital surfaces.
1.2 Problem statement

Hospitalized patients undergoing invasive procedures are enormously susceptible to secondary
infections by nosocomial pathogens from contaminated surfaces. and/or devices such as surgical
equipment (Brannigam er al.. 2012). Siaphylococcus epidermidis is one of the major causes ol
nosocomial infections that follow catheterization and other surgical procedures. Related ailments
include infections of: surgical wounds/sites. the urinary and respiratory tracts. and the brain
(Samuel ¢r al.. 2010). Staphylococcus epidermidis and similar organisms have the ability to
adhere 1o the surfaces, as a result of their unique pathogen-host-environment relationships

Hidron er al.. 2008).

Nosocomial infections affect two million people annually., with 25% mortality rate. and prolong
1ospital stay among 5 1015% of patients worldwide (WHO. 2011: Apanga el al.. 2014). The
ncidence rate of nosocomial infection caused by S, epidermidis in Sub-Saharan Alrica range

i

rom 2-49% with Uganda having 15% (Azeez. 2012:0kee ef al. 2012). A study conducted by

Y

Nalwoga and others reported 13% prevalence of Coagulase negative Staphylococei including S,

b

pidermidis from wound samples among the surgical ward patients of Kampala International
Jniversity Teaching Hospital (Nalwoga er al.. 2016). However. the source of contamination by
his bacteria has not been studied. Despite little attention being given to S epidermidis.
rompared to S, aureus in health care settings. S. epidermidis is reported to have developed
esistance (o multiple antibiotics. including methicillin (Kozitskaya er «al., 2004} This
:omplicates and increases the cost of treatments. hence the need for relatively inexpensive,

ternative antibacterial agents from natural sources. such as medicinal plants.

some research studies have shown that C. papaya leaves and seeds are effective against clinical

solates of S-cureus and S, epidermidis (Anibijuwon and Udeze. 2009: Nagesh and Samreen.




2016). Rescarch on S cureus isolated [rom hospital environments in Nigeria. Ghana. Ethiopia
and Uganda have revealed widely variable susceptibility patterns against antibiotics commonly
used in hospitals (Hammuel er a/.. 2014: Saba er al.. 2017: Amenu er al.. 2014: Ivan. 2012).
Similar investigations on S epidermidis, however. are quite limited and none have been done in
Kampala International University-Teaching Hospital.

Furthermore. there is a paucity of data on the antibacterial activity of C0 papaye leaves and seeds
extract against Methicillin resistant S. epidermidis isolated from hospital environments. Hence
this study evaluated the antibacterial activity of (' papaya and common antibiotics on S

epidermidis isolated from KIU-TH wards surfaces,
1.3 Objectives
[.3.1  Main objective

Ihe main objective of this study was 1o determine the antibacterial acuvity of C. papaya and

common antibiotics against Methicillin resistant S epidermidis isolated from KIU-TI wards

1.3.2  Specific objectives

To determine the distribution of Staphylococcus epidermidis from ward surfaces of

Kampala International University Teaching Hospital

I To determine the susceptibility pattern of Staphylococcus epidermidis isolated from
different wards surfaces of Kampala International University-Teaching Hospital on the
commonly used antibiotics.

1. To determine the antibacterial activity of Carica papaya feaf and seed extracts against
Methicillin resistant Staphylococcus epidermidis isolated from different wards surtaces ol
Kampala International University-Teaching Hospital.

V. To determine the presence of mecA gene among Methicillin resistant Staphylococcus
epidermidis isolated from different wards surfaces of Kampala International University-

Teaching Hospital.




1.4 Research questions

i What is the distribution of S. epidermidis isolated from different wards surfaces ol
Kampala International University-Teaching Hospital?
i1, What is the susceptibility pattern of S, epidermidis isolated from different wards surfaces

of Kampala International University-Teaching  Hospital 10 the commonly used

antibiotics?
Hi. What are the antibacterial activities of papaya leaves and sceds extracts against

Methicillin resistant S. epidermidis isolated {rom different wards surfaces of Kampala
nternational University-Teaching Hospital?
Iv. Is the mecA gene present in the strains of Methicillin resistant S, epidermidis isolated

from different wards surfaces of Kampala International U niversity-Teaching Hospital?
L5 Justification and significance of the study

Despite S epidermidis being non-pathogenic. it is a common cause of nosocomial infections

Murdoch er al., 2009). Reports on the susceptibility patterns of the organism to common

J e

ntibiotics have vielded inconsistent results (Koksal ¢/ a/.. 2009: Mohammad ¢f /.. 201 5). Dru

51

esistant strains of S. epidermidis have been isolated from Mulago hospital. Kampala (Okee ef
.. 2012). Astudy on the susceptibility pattern of' S, epidermidis 1o antibiotics commonly used in
AU-TH had not been carried out; and there was no information on the nmecA gene among

esistant strains of S. epidermidis from the KIU-TH surfaces.

[he development of resistant strains to common antibiotics has necessitated the usce of newer
pensive drugs. hence the need 1o explore the use of mexpensive and locally available
nedicinal plants. with antimicrobial activity. Carica papaya is one of such plants with these
nedicinal properties, according to studies conducted in Nigeria and India (Anibijuwon and
Jdeze. 2009: Nagesh and Samreen. 2016). The active ingredients of this plant. however, vary
vith soil types and climates/seasons: hence it's imperative 1o verify the antibacterial activity of
cal and seed extract of € papava grown in the Ugandan environment on S epidermidis.

‘urthermore, as opposed to the study by Nagesh and Samreen (2016), which used clinical

U




pathogens. the antibacterial activity of ¢ papaya extracts on S, epidermidis isolated from

hospital surfaces had not yet been established.

The Information generated will enrich the knowledge base of the general public on the
antibacterial activity of . papaya leaf and seed extracts against antibiotic resistant S
epidermidis. The outcome from the distribution and risk factors associated with S epidermidis
will benefit the management of KIU-TH to enhance the hygiene practice in the hospital.
Furthermore. the susceptibility pattern of S, epidermidis isolated from KIU -TH will give the
health workers a clue in preseribing the effective antibiotics for the treatment of mifections
caused by S-epidermidis. Carica papava leaf and seed crude extracts will help both the hospital
management and the community as an alternative antimicrobial agent against resistant S,
epidermidis. Presence  of mecA  gene indicated  the presence  of  Methicillin - resistant
Staphylococcus epidermidis (MRSE). this information will help the hospital management and the

policy makers 1o come up with necessary measures (o prevent the occurrence of an outbreak by
MRSLE. The overall information of this study will serve as a guide and source of literature 1o the

students and other researchers.,




1.6 Conceptual frame work

Intervening variables

e Concentration of
extracts

e Type of extracts

e Duration of
exposure

e Presence or absence
of resistant genes | Dependent variable

e Useof( """"""""""" |

Independent variables

¢ Killing or

| pupayd | W lactivation of
| o  Commonly used | |

S.epidermidis
antibiotics

|

; o lnvironment f

Moderating variable
s

Figuie 1: Coneeptual frame work

Source: Adapted from Ivan. (2015) and modified by the researcher)

Jeseription of coneeptual framework

Tom the above illustration. it can be observed that killing. or inactivation of S epidermidis,
fepends on the use of €. papava and common antibiotics. which can both be modecrated by the
nvironment. The two variables (independent and dependent). could be affected by some set of
ntervening variables, including: concentration and type of extract (leaf or seed). That may affect
he activity of € papaya, by increasing, or decreasing the chances of killing, or inactivating the
v epldermidis, based on the concentration of the active component in the extracts. Duration of
Xposure to the common antibiotics. and presence or absence of antimicrobial resistant genes.

nay aitfect the activity of the common antibiotics.




1.7 Scope of the study

This includes the time. geography/area and content/methods scope of'the study
1.7.1 Time scope

The study was carried out from March. 2017 to August. 2018 as per the research time table.

1.7.2 Geographical/area scope

The study was carried out in KIU-TII located in Ishaka Municipality. This is a well-established
referral  hospital  with several wards including  Medicine.  Surgery. Pacdiatrics  and
Obstetrics/Gynecology. The plant samples were collected from Kigondo town in Bushenvi

district,

1.7.3 Content/methods scope

I'his study concentrated on the use of S epidermidis isolates and epidemiological data collected
rom wards surfaces of KIU-TH. antibacterial activity of commonly used antibiotics and crude
:xtracts of O papaya leal and seed against S, epidermidis and mecA gene analysis. Collections
oI epidemiological data. swab samples, isolation of . epidermidis were carried out 1o address
bjective one while antibiotic susceptibility testing addressed objective two. Collection,
sreparation.  extraction.  phytochemical screening. antimicrobial activity testing. minimum
nhibitory concentration and minimum bactericidal concentration of ¢ papaya leali and seed
rude extracts were carried out to address objective three. DNA extraction and polymerase chain

caction were used to address objective four.
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CHAPTER TWO: LITERATURE REVIEW

2.0 Introduction

This chapter evaluates relevant studies that had been carried out in different parts of the world
with reference to S. epidermidis and its sensitivity patterns to Carica papaya, and the commonly

used antibiotics in Hospitals.
2.1 Epidemiology of Staphylococcus epidermidis

The S. epidermidis as organism. the susceptible host to its infections and some environmental

factors affeeting its survival are described below:

2.1.1 Staphylococcus epidermidis

Staphyvlococcus epidermidis is a Gram-positive bacterium and one of over 40 speeies belonging
Lo the: Kingdom: Bacteria. Phylum: Firmicutes. Class: Bacilli. Order: Bacillales. Family:
staphylococcaceae, Genus: Staphylococcus and Species: epidermidis. Thus, the Binomial name
S, epidermidis (Frebourg er al.. 2000). Rosenbach distinguished S. epidermidis from S aureus.
nitially naming S epidermidis as S. albus. He chose aureus and albus since the bacteria formed
sellow and white colonies respectively (Rosenbach. 18841 Shiroma e/ al.. 2015). The major
Jirulence factors ol S, epidermidis include its ability to adhere to medical devices such as
satheters, prosthetic joints, fracture fixation devices. cardiac pacemakers. heart valves. artificial
cnses. vascular grafls, mammary implants, Cerebro Spinal Fluid (CSI) shunts and formation of

tbiofilm (Chu er al.. 2009).

3iofilm is one of the virulence factors that enhanced mechanical, metabolic, immune. and
mtibiotic resistance in S. epidermidis and its production is associated with the production of a
solysaccharide intercellular adhesin (PIA) encoded by the accessory intercellular adhesion {ica)
peron (Kozitskaya ef al.. 2004). The biofilm of S. epidermidis consists of clusters of cells that
re embedded in exwacellular slime substance that is up to 160 micrometers (um) thick.
xeeeding 50 cells. Biofilms as such act as a diffusion barrier to antibiotics and host defense
Nilsson e/ al.. 1998).




Stuphylococcus  epidermicdis is the most frequent cause ol device- or surgery-associated
nosocomial infections worldwide (Hidron er «f.. 2008). According to the World Health
Organization (WHO. 2011). nosocomial infections are one of the major infections with a huge
cconomic impact worldwide. These infections affect about 2 million people annually resulting in
5% to 15% of them requiring hospitalization (Apanga ¢/ al.. 2014). Prevalence rates of
nosocomial infections of 7.7 and 9.0% were reported in the [uropean and Western Pacific

Regions respectively (Wood er al.. 2009).

In Sub-Saharan Africa. nosocomial inlections rates range from 2-49%. and show considerablhy

high figures of 21.2-35.6% which occurs in intensive care units (ICU) (Azeez, 2012y, The
prevalence rates of the infections reported varied between 2.5% - 14.8% in Burkina Faso. United
Republic of Tanzania. Senegal and 28% in Uganda (Nejad e/ .. 2011 WHO. 2011: Greeo and

Magombe. 2011).
2.1.2 Susceptible hosts to Staphylococcus epidermidis and possible infections

Staphylococcus epidermidis causes biofilms (o grow on plastic devices placed within the body
Hedin. 1993). This occurs most commonly on intravenous catheters and on medical prostheses

Otto. 2009). Infection can also occur in dialysis patients or anyone with an implanted plastic
leviee like central venous catheters. fracture fixation devices. cardiac pacemakers and heart
salves. artificial lenses. vascular grafis. mammary implants. and CSI shunts that may have been
rontaminated (Rupp and Archer. 1994). It also causes endocarditis. most ofien in patients with

lefective heart valves and parts of the inside lining of the heart muscle (Darouiche. 2001).

Jatient-related risk factors for infection with S epidermidis are malignancy, chemotherapy.
cukopenia. premature birth. bone marrow transplantation, and immunosuppression for reasons
uch as polytrauma. HIV infection, and transplantation (Murdoch e af. 2009). Catheter
nfections  along  with  catheter-induced urinary  tract infections (UTIs) lead 10 serious
nflammation and pus secretion which may lead to an extremely painful urination (Queck and
Jtto, 2008). Septicemia and endocarditis are also diseases caused by S0 epidermidis with the
ymptoms ol fever. headache. fatigue. anorexia and dyspnea (Otto. 2009). Septicemia is

articularly prevalent consequential from neonatal infections. predominantly with very low birth
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weights (Chu er al.. 2009). Staphylococcus epidermidis is very likely 1o contaminate patient-care
cquipment and environmental surfaces. possibly explaining the high incidence of S, epidermidis

in the hospital setting.
2.1.3  Environmental factors for survival of Staphylococcus epidermidis

Staphylococcus epidermidis is a part of the normal human {lora. typically the skin flora. and less
commonly the mucosal flora (Fey and Olson. 2010). On a-healthy adult there are between 107
and 10° colony forming units of Coagulase negative Staphylococei (CoNS) per em” of skin
(kloos. 1980) and approximately 40 species of CoNS share the skin environment with a plethora
o other microorganisms (Roth and James. 1988). The skin provides a harsh environment for
bacteria through: constantly changing temperature. humidity and salinity. exposure 10 detergents
and host antimicrobial peptides (AMPs) which present challenges for bacterial survival,
Staphylococcus epidermidis possesses a wide variety of surface expressed molecules. some of
which are likely 10 have important roles in survival and adhesion on the skin. Transmission of S,
epidermidis in the health care setting arises through contact with contaminated surfaces in the

snvironment (Boycee, 2007).

some clones of S epidermidis are possibly endemic in the hospital environment as numerous
studies intensely  propose that they are frequently caused by strains transmiticed among,
10spitalized patients (Huebner and Goldmann, 1999), Staphylococcus epidermidis have the
sapability to survive in the intensive care unit surroundings on medical devices and medical
>quipment such as patient care equipment. uniforms. computer key boards, cellular phones.
sedrails. door knobs. table tops and identification badges for weeks to months (Kramer er ..

1006 Landers er al.. 2010).
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2.1.4 Infections caused by Staphylococcus epidermidis

Staphylococcus epidermidis has been documented as one of the primary causative pathogen of
bloodstream infections. surface infections. and meningitis as a result of intravascular devices
(prosthetic heart valves. shunts. ete.) or more commonly occur in prosthetic joints. catheters. and
large wounds (Apanga er al.. 2014). Catheter infections along with catheter-induced U'l'ls lead 10
serious inflammation. pus secretion and painful urination. Septicemia and endocarditis are also
diseases associated with S, epidermidis (Shiroma et al., 2015). Their symptoms run the gamut
irom fever, headache. and fatigue to anorexia and dyspnca. Septicemia is especially prevalent
resulting {rom nconatal infections, particularly in very low birth weights. Endocarditis is an
infection ol the heart valves and parts of the inside lining of the heart muscle. S. epidermidis is
very likely o contaminate patient-care equipment and environmental  surfaces. possibly

&

>xplaining the high incidence of S, epidermidis in the hospital setting (Okee er al.. 2012).
2.2 Susceptibility patterns of Stapliplococcus epidermidis to common antibiotics

staphylococeal intections are a common and significant clinical problem in medical practice.
Most strains of S. epidermidis are now resistant to penicillin. and methicillin-resistant strains of’
Y. epidermidis are common in hospitals and arc emerging in the community (Fang ef a/.. 2011).
*enicillinase-resistant penicillins (flucloxacillin. dicloxacillin) remain the antibiotics of choice
or the management of serious Methicillin-susceptible S, epidermidis (MSSE) infections. but first
seneration  cephalosporin (cefazolin. cephalothin and cephalexin). clindamycin, amikacin.
rentamycin. ciprofloxacin. lincomyein and ervthromyein have important therapeutic roles in less
crious MSSE infections such as skin and soft tissue infections or in patients with penicillin

~

ypersensitivity (Muhammad er al.. 2013).

M serious Methicillin-resistant S, epidermidis (MRSE) infections are recommended o be
reated with parenteral vancomyein or teicoplanin il the patient is vancomyein allergic (Rayner.
015). Also antibiotics such as linezolid and quinupristin/dalfopristin have good anti-
taphylococcal activity but are very expensive therefore they are recommended 1o be used for
atients who are intolerant of conventional therapy or highly resistant strains such as

clerogenous vancomycin-intermediate S. epidermidis (WWISE) (Mack ef ai.. 2005).
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A number of drug susceptibility studies for S, epidermidis have been done and have yielded
inconsistent results for some drugs. Beta-lactam drugs including penicillins. ampicillins and
oxacillin are considered o be a major group of antimicrobial drugs used in the treatment of
bacterial infections but S. epidermidis has developed resistance to these antibiotics (Cheriil.
2014). Resistance to penicillins is mostly caused by the presence of B-lactamases. which reduces

the affinity for B-lactams by mutations in penicillin binding proteins (PBPs) (Brinas 7 «/.. 2003).

A study carried out in Turkey on blood culture of septicemic patients by Koksal es al. (2009).
showed that S epidermidis  was  resistant o ciprofloxacin, erythromycin. gentamyein.
tetracycline. clindamycin and trimethoprim sulfamethoxazole and susceptible to vancomycin and
teicoplanin. Another study carried out in Nigeria on clinical isolates by El-Mahmood. (20153),
was in agreement with Koksal e/ al. (2009) on resistance of S epidermidis 10 gentamyein and
erythromyein. but not for tetracycline. The study by LEl-Mahmood (2015) also showed that
S, epidermidis was resistant (o augmentin. nitrofurantoin. chloramphenicol. and Otloxacin but

susceptible to ampicillin, streptomyein. pefloxacin. and co-trimoxazole.

&

Unlike the above studies which showed S. epidermidis 1o be resistant 1o gentamyein. a study
carried out in India among patients suspicious of bacteremia by Mohammad er «/. (2015) showed
zentamycin to be very effective against these bacteria and so was vancomycein. However.
senicillin. tetracycline. erythromycin and clindamyein were less effective on S epidermidis
Mohammad er «l.. 2015). Staphylococcus epidermidis isolates from hospital environment are
nore resistant 1o the antibiotics such as methicillin (oxacillin}, cephradine. cefacle

imikacin and streptomycin (Mack ef al.. 2005).

twas reported that. the selective pressure exerted by the broad-spectrum cephalosporin. create
apid overgrowth of S. epidermidis resistant to antibiotics used. and as such cephalosporins
ecome ineffective against S epidermidis (Dancer. 2001). The fact that most of the studies give
neonsistent results raised a need for susceptibility studies for this bacterium to the common used
mtibiotics in KIU-TH. Furthermore. the evidence of drug resistance among S, epidermidis

rains called for a need to come up with cheaper effective alternatives which includes the use of

thno-medicinal plant extracts such as those from €. papaya.
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2.3 Antibacterial activity of Carica papaya

Carica papaya was named by a Swedish botanist called Carl linneaus in 1753, It is a native to
South America and is naturalized in Florida. Mexico, Central America. in the West Indics, in
Tropical Africa and Asia (Namuddu er al., 2011). Carica papaya called Papali in Uganda is
known to be used as an ointment by the local people for the treatment of skin infection
(Namuddu er al.. 2011). Carica papaya Nowers have been therapeutic on jaundice (Anibijuwon

nd Udeze. 2009). Effectiveness of these treatments however, is reliant on the quantity of the

different compounds in the preparations.

The seeds of papaya have antimicrobial activity against 7Trichomonas vaginalis trophozoites

(Calzada er al.. 2007). The

seed and pulp of papaya were shown to be bacteriostatic againsl
Bacillus subtilis. Enterobacter cloacae, Escherichia coli. Salmonella Lphi. S, aureis. Protens
vulgaris, Pseudomonas aeruginosa and Klebsiella pnewmoniac by the agar cup plate method
(Osato er «al.. 2003). Purified extracts from ripe and unripe fruits also showed significant
antibacterial activity on S, awreus, Bacillus cereus, . coli. P. aeruginosa and Shigellu flexneri
‘Emeruwa, 2005). The aqueous extract of fruit promoted significant wound healing in diabetic
ats and the seeds have bacteriostatic activity on Gram positive and Gram negative organisms

which could be useful in treating chronic skin ulcers (Dawkins er «/. .2003).

According to the study by Nkuo-Akeni er af. (2001). herbal formulations containing papaya
caves and root or leaves alone as one of the constituent were shown to have antibacierial activity
NSt S, nphi S paratyphi and S, ryphinurium but the water, acetone and ethanol extract of
bapaya leaves showed no microbicidal activity. Papaya fruits are used as topical ulcer dressings.
vhich promote desloughing. granulation and healing. It also reduces the odour in chronic skin
Heers. [tis cost effective and is considered to be more effective than other topical applicatiohs in

he treatment of chronic ulcers (Hewitt er al., 2002).

\ study carried out in India by Aliya er al. (2016). proved that unripe C. papaya fruit methanolic

xtracts showed good antibacterial activity against nosocomial infection causing organisms
ncluding S. epidermidis. Study from South America revealed that. different extracts of ¢
sapaya leal” showed antibacterial activities against S, aurcus. £ coli and . albicans with

nethanol extract showing more activity (Subramanian er al.. 2014). A study by Khan er al.
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(2012) from India. reported that all the extracts of ¢ papaya (dry leaf. green leall root. stem. ripe
pulp. unripe pulp. ripe peel. unripe peel and seed) were effective against P, aeruginosa, S, aureis

and L. coli but hot aqueous extract of ripe peel showed best antibacterial activity against £ coli.

It was reported in a study carried out in India, that S. qureus and S, epidermidis were found to be
highly susceptible to the ethanol and methanol extracts of leaves of (' papcvea amongst the test
organisms used in the study. with Pseudomonas sp. Neisseria sp.. Proteus mirabilis.
Acinetbacter baumanni and Enerococcus faecium found to be inhibited to some extent (Nagesh
and Samreen, 2016). It was reported in Nigeria that. ethanolic and aqueous extract ol seeds and
leaves of (. papaya were found o be effective against £, coli, P. aeruginosa, K. preumoniae, S.
aurews. S, ppeumoniae and B, subtilis with ethanolic extract giving better activity than the

aqueous (Ayanfemi and Bukola, 2015).
2.3.1  Minimum inhibitory and bactericidal concentrations of Carica papaya exiracts

Minimum Inhibitory Concentration (MIC) is define as the minimum concentration ol"a given
mtimicrobial agent required to inhibit the growth of microorganisms. Minimum Bactericidal
Concentration is the minimum concentration of antimicrobial agent required to completely kill
he bacterial cell (Adejuwon er o, 2011). Minimal inhibitory concentrations (MIC) of (. pupayu
vere demonstrated by Nirosha and Mangalanayaki (2013). The result obtained shows that the
VIIC of ethyl acetate of leaves extract against S. wureus, S, prneumoniae, o coli and P,
teruginosa was 70 mg/ml. while that of root extract against S. aureus. P. aeruginosa, S.
meamonia was 150 mg/ml. Okunola and others. (2012) determined the MIC of dried and fresh
caves extracts ol Co papava against I coli, Salmonella. S, aurens and S, progens. The result

ave lowest MIC of 50 mg/ml against S qureus while the MIC values ranging between 75-100

ng/ml was given against . coli, Salmonella und S. progens.

\ study by Doughari er al. (2007) revealed that the lowest MIC and MBC of 50 mg/ml were
lemonstrated by the root extract of . papaya against S, typhi. while the MIC and MBC values
anging between 100-200 mg/ml were observed against S pyogens, S. aurcus, S. preumoniae
nd So flexneri. In another study carried out by Adejuwon e al. (2011). MIC of C papava

queous and methanol extract were determined against 2. aeruginosa, S, phi, Iocoli, S. aureus,
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B.ocereus and Ko aerogenes. Among these bacterial species. B. cereus and K. aerogenes were
found 10 be sensitive with MIC of 0.5 mg/ml for both extracts. Mwesigwa and co-workers.
(2012) reported MIC of 100 and 3.12 mg/ml of ¢’ papaya extracts and amoxacillin against £

coli.

Awatil (2015). reported that water extracts of (. papaya were less effective than the alcohol
extracts. with MIC of 16 mg/ml for the treated £ coli and (. Jejuni. Chima e/ al. (2016).
revealed that the relatively high MIC for cold ethanol extracts of ¢ papaya of 0.92. 0.65 and
0.61 mg/ml on K. pneumoniae, E. coli and S. aureus respectively attests to the claim that gram
negative bacteria have higher resistance to plant extracts. From the above we can deduce that.
MIC and MBC vary between extract and the test organism. Therefore, in this study minimum
concentration of the active extract required to inhibit or completely kill the growth of &

epidermidis was determined using broth dilution method.

2.3.2  Factors affecting the effectiveness of Carica papaya extracts

¥

The efficacy of € papaye extract is dependent on the variation in active substance content and

ntioxidant activity as reported by Udoh er af. (2005). Also temperature affects the production of
secondary metabolites as reported by Bilger e/ al. (2007). that the biosynthesis of phenol was
femonstrated in a plant growing in a low temperature regime. Illumination also affects the
synthesis and accumulation of secondary metabolites in medicinal plants. The increase of
Humination time can increase the contents of secondary metabolites. For example, the amount of
lavonoids in Arabidopsis increased after long time illumination (Fuglevand er «l.. 1990).
’recipitation also affects the active components of the plants as reported by Wei er al. (2016). in
us study which showed that the contents of tannin. rutin and total phenolics were negatively

correlated to the annual average precipitation.

some researchers have stated that the variations in the active substance contents of the plants are
issociated with the soil fertility (Khan er al.. 2012). 1t was reported that. the dried leat extract of

L papaya was more potent than the other part of the plant against some of the bacteria (o which
tandard antibiotics were not able to inhibit (Okunola e/ al., 2012). Antibacterial activity in ('

apaya is highly affected by the polarity of the solvent, nature of the extracted compounds and
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extraction process (Metrouh-Amir, Duarte and Maiza, 2015). It was reported by Nirosha and
Mangalanayaki (2013), that the ethanolic extract of leaves and roots of C. papaya were more
effective against S. aureus, S. pneumonia, B. cereus, S. typhi, E. coli and P. aeruginosa than that
of aqueous extract of leaves and root. Orhue and Momoh (2013), also reported that C. papaya
leaves extract in 1% Hydrochloric acid (HCI) and ethanol, showed antimicrobial activity against
Bacillus sp. Enterobacier coacae, E. coli. S. yphi, S. aureus and Proteus vulgaris while extracts

in water was only active against £. coli and S. qureus.

2.3.3 Phytochemical composition of Carica papaya

Fruits contain the following compounds: benzylisothiocyanate, cis and rrans 2, 6-dimethyl-3. 6
epoxy-7 octen-2-ol, carpaine, benzyl-D glucoside, 2-phenylethyl-D-glucoside, 4-hydroxy-
phenyl-2 ethyl-D-glucoside and four isomeric malonated benzyl-D-glucosides (Nguyen er al.,
2013). A study by Okeniyi ez al. (2007) showed that the seed of C papaya contains; carpaine,
benzylisothiocyanate, benzylglucosinolate, glucotropacolin, benzylthiourea, hentriacontane,
sitosterol, caricin and Myrosin enzyme). Its root has carposide and myrosin. The bark contains
sitosterol, glucose, fructose, sucrose, galactose and xylitol. The latex has proteolytic enzymes,
glutamine cyclotransferase, papain and chymopapains A, B and C, peptidase A and B, and
lysozymes (Antonella er af., 2007). Phytochemical analysis of C. papaya leaf extract revealed
the presence of alkaloids, glycosides, flavanoids. saponins, tannins, phenols and steroids

(Natarjan es al., 2014).

2.4 Antimicrobial resistance of Staphylococcus epidermidis

Antimicrobial resistance is a phenomenon which occurs when microorganisms, such as bacteria,
viruses, fungi and parasites transform into ways that render ineffective the medications against
the caused infections. This is a major problem because resistant strains of a microorganism may
Kill, or can be spread to others; and lead to huge costs to individuals and society (WHO. 2014).
In S epidermidis, the role of exo-polysaccharide matrix or ability of biofilm formation is used to
cause resistance by reducing the permeability and penetration of antibiotics into the organisim
(Hall-Stoodley er al., 2004). There are many and varied resistance mechanisms in bacteria,
hence, some of them may be intrinsically resistant to certain, specific antibiotics or to more than

one class of antimicrobial agents (Koll and Brown, 1993).
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The most significant ways of achieving resistance, however, are innate gene mutation and
acquired antimicrobial resistance genes from another microorganism (Garza et al., 2010). Beta-
lactam drugs, including penicillins, ampicillins and Oxacillin are considered to be a major group
of antimicrobial drugs used in the treatment of bacterial infections; but S epidermidis has
developed resistance to these antibiotics (Cherifi, 2014). Resistance to penicillins is mostly
caused by the presence of B-lactamases, which reduces the affinity for B-lactams by mutations in

penicillin-binding proteins (PBPs) (Brinas ef al., 2005).

2.4.1 mecA gene in Methicillin resistant Staphylococcus epidermidis

The mecA gene in bacterial cells is responsible for resistance to antibiotics such as methicillin.
penicillin and other penicillin-like antibiotics (Ubukata ez al., 2007). The best known carrier of
the mecA gene is the bacterium Methicillin-resistant S aureus (MRSA). Apart from S. aureus
and other Staphylococcus species, especially S. epidermidis, it can also be found in S
preumoniae  strains  resistant to penicillin-like antibiotics (Miragaia et al., 2005). In
Staphylococcus species, mecA is spread on the Staphylococcal chromosomal cassette mee
(SCCmec) genetic element (Deurenberg er al., 2009). The mecA gene does not allow the beta-
lactam ring structure of penicillin-like antibiotics to bind to the enzymes that help form the cell
wall of the bacterium (transpeptidases), and hence the bacterium is able to replicate as normal.
The gene encodes the protein penicillin binding protein 2A (PBP2A) (Turlej er al., 2011).
Penicillin binding protein 2A PBP2A has a low affinity for beta-lactam antibiotics, such as
methicillin and penicillin (Ubukata e al., 2007). This facilitates transpeptidases activity in the
presence of beta-lactams, preventing them from inhibiting cell wall synthesis (Deurenberg ef al.,
2009).

Staphylococcus  epidermidis  strains circulating in hospitals have been established to be
methicillin-resistant (Diekema e af., 2001). The resistance of S, epidermidis to methicillin is
usually due to the mecA gene, which is carried by staphylococcal cassette chromosome mec
(SCCmec), and produces a PBP2A with low affinity for B-lactams. Staphylococcal chromosomal
cassette mec (SCCmec) can also carry genetic elements for other antibiotic resistance: most
nethicillin-resistant strains (MRSE) are, therefore, highly resistant to other antibiotics (Wang er

al., 2004). In diverse collections of S epidermidis isolates, molecular characterization of this
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element revealed five SCCmec types previously found in S cureus (Turlej er al., 2011).

Additionally, there were high numbers of new and unclassified SCCmec types (Mir

agaia el al.,
2005). These results indicate a higl

h degree of genetic diversity within the SCCmec elements
carried by S. epidermidis (Hanssen et al., 2007).
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CHAPTER THREE: METHODOLOGY
3.0 Introduction

This section presents the research methodology used for this study. It consists of the research
design, study area, sample size and sampling strategies, data collection methods to address the
different specific objectives, quality control, data analysis, ethical considerations and limitations
of the study.

3.1 Research design

The study was a cross sectional research design using quantitative method. According 1o
Creswell and Plano Clark (2007). Quantitative method is used to generale numerical data
(Creswell. 2007). In this study, quantitative approach was used in collecting data for Objective
one. two and three (susceptibility pattern of Staphylococcus epidermidis strains collected from
selected surfaces of KIU-TH and effects of C. papaya leaves and seeds extracts on the isolated

bacterium).

3.2 Study area

The research was carried out in KIU-TH, located in Ishaka Municipality, Bushenyi District,
Western Uganda, GPS location 00° 32°19”S, 30° 08°40”E. This is approximately 330 kilometres
(210miles) by road, Southwest of Kampala (Arusho and Paul. 2010). It is a well-established
referral hospital with several wards which includes: Medical, Surgical. Paediatric, Maternity.
Psychiatric, Accident and Emergency. Private and Semi-Private Wards. In a Idition, there arc a
wide range of “Specialist™ departments and clinics, including: General Surgery, Orthopaedics,
Obstetrics & Gynecology, Medicine, Ophthalmology, Dentistry, Paediatrics, and Physiotherapy.

This hospital has 700 beds occupancy (Unpublished data).

3.3 Sample size
The sample size was calculated using a formula from Keish e/ al. (1965):

N = Z°PQ.

e

I._
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Where;
N-is the sample size
Z -is 1.96, which is the score corresponding to 95% confidence interval
P- is the assumed prevalence, which is taken to be 50% for unknown.
Q=(1-P)
['- the accepted error term corresponding to 5%.
Therefore:
N =1.96"X 0.5 X 0.5
0.05°

N ~ 384 samples.

Fifty (52) swab samples were collected from different surfaces (bedrails, doorknobs. floors and
walls) of all the seven different wards (surgical, medical, pediatrics, maternity, accident and
emergency and semi-private). Fifty one (5 I) samples were collected from private ward due (o the
limited number of rooms in the ward hence less doorknobs as compared to other wards. For the
epidemiological data, fourteen (14) out of thirty five (35) cleaners were recruited for the study
using simple random sampling technique and Seven (7) Ward In-Charges using purposive

sampling technique .

3.4 Sampling strategy

Swab samples were taken from surfaces of seven wards {Medical, Surgical, Jaediatric,
Maternity. Psychiatric, Accident and Emergency. Private. and Semi-Private). selected using the
purposive sampling strategy based on the fact that these wards are associated with medical

devices in KIU-TH.

3.5 Sample collection and storage

swab samples were collected from floors, door knobs, walls, and bedrails from different wards
n the hospital using sterile swab soaked in normal saline. However, due to the limited number of
loor knobs and bedrails in the hospital, three sixty three (363) swab samples were collected out

of the proposed sample size (384). The samples were collected from the surfaces by moving a
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sterile, pre-moistened swab, over the entire surfaces: 10 passes in a horizontal direction and 10
passes in a vertical direction. Care was taken not to overlap the previous pass, so as to ensure
thorough coverage of the surfaces. The swabs were rotated slowly while making each pass: and

held at a 45 angle, so that the surfaces were contacted by the full length of the swab head.

The swabs were then collected and placed into a falcon tube (15ml) containing 2 ml of normal
saline. The normal saline was to prevent the bacterial cells from lysis and moisten the swabs
before collection. In order to extract as much liquid as possible from the swabs, each swab was

rolled on the inner edge of the cryogenic vials/tube, before removal from the container.

The samples were kept in an ice box during collection and transported in Stuart media to the
laboratory promptly thereafter. Most samplés were processed immediately, at the Microbiology
Laboratory, Department of Microbiology and Immunology of KIU-Western Campus. The
remainder was stored under refrigeration, at 2-8°C; and was processed within seven days (Valle

el al..2007).
3.6 Data collection
Quantitative data was collected in the study and the data collection methods are described as per

objective.

3.6.1  Distribution of Staphylococcus epidermidis from ward surfaces of Kampala

International University-Teaching Hospital

Swab samples were collected from the seven wards of KIU-TH and transported to Microbiology

laboratory for analysis.

3.6.1.1 Microbial isolation and identification

The swabs were inoculated using the streaking method to obtain colonies and sub-cultured on
Mannitol salt agar (MSA) to obtain discreet colonies under a biosafety cabinet. The plates were
then incubated at 37°C overnight (Anam ef al., 2015) after which Coagulase test was performed.
This was carried out by dropping rabbit plasma onto a sterile glass slide and emulsifying a

loopful of the bacterial colony on the slide using a sterile wire loop. Presence of agglutination
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differentiated the coagulase negative from coagulase positive Staphylococci (Skinner er al.,
2009).

Desferroxiomine and Fosfomycin antibiotics, Img/ml each, were prepared and impregnated with
6mm discs made by using Whatman filter paper number 1 and tested against the coagulase-
negative isolates to differentiate S epidermidis from other species of coagulase-negative

staphylococci (Thiago e/ al., 2013).

3.6.2  Susceptibility pattern of Staphylococcus epidermidis isolated from different wards
surfaces of Kampala International University-Teaching Hospital on the commonly

used antibiotics.

The antibiotic susceptibility test was performed using the Kirby-Bauer disc diffusion method
(Anjana et al., 2009). Pure colonies of S, epidermidis collected from the selected surfaces were
picked from an agar plate, transferred into a tube containing tryptic soy broth, and turbidity

adjusted to 0.5 McFarland standards,

The standardized suspension of isolates was inoculated on Mueller Hinton agar plates using the
spread plate method. Antibiotic discs of commonly used antibiotics (Amikacin 30ng. Cefazolin
30ug, Cefoxitin 30ug, Trimethoprim-sulfamethoxazole 25png,  Ciprofloxacin - 30ug  and
Gentamicin 30ug) were firmly placed on the agar plates using sterile forcep. The plates were
incubated at 37°C overnight after which the diameters of the zone of inhibition were measured.
The results were then interpreted as per the guidelines of Clinical and Laboratory Standard

Institute (CLSI, 2012).

3.6.3  Antibacterial activity of Carica papaya leaf and seed extracts against antibiotic
resistant Staphylococcus epidermidis isolated from different wards surfaces of

Kampala International University-Teaching Hospital.

3.6.3.1 Identification and collection of Carica papaya leaves and seeds

T'he plant samples were collected from Kigondo village in Ishaka municipality, and taken to the
Botanist at the Department of Biology and science laboratory technology at Mbarara University

of Sciences and Technology (MUST), Uganda, for identification. A voucher number was
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obtained as Abubakar S. Adam # 0003 and specimen was stored in herbarium of the department
for future reference. Thereafter, fresh leaves and seeds (from ripe pawpaw) were collected from
the village early in the morning and transported in a sterile nylon bag to the Pharmacology

laboratory, Department of Pharmacology, KIU-WC.

[n the KIU-WC Pharmacology laboratory, the leaves and seeds were thoroughly washed with tap
water, and rinsed with sterile distilled water. The clean material was then air-dried under room
temperature (Ayoola and Adeyeye, 2010). The dried leaves and seeds were pulverized using
pestle and mortar to obtain a powder which was stored in air-tight glass containers and covered

with aluminium foil to protect it from sunlight until required for extraction.
3.6.3.2 Preparation of Carica papaya leaves and seeds extract

Extraction was carried out using the maceration method as described by Gideon er al. (2012).
One hundred grams (100g) of the leaves and seeds powder each was put in three different
beakers and dissolved in 500 mls of absolute methanol, acetone and distilled water, with polarity
index of 5.1, 4.1 and 10.2, respectively. The mixture was allowed to mix for 48§ hours, with
frequent shaking using vibratory sieve shaker to avoid pouring or evaporation of the solvents
before extracting the active components. The crude extracts were filtered using a clean cotton
cloth, followed by use of Whatman filter paper number |. The filtrate was distilled and then

evaporated to remove the solvent.

The percentage yield extract was obtained using the formula: Wo-W /Wy 100. (Where: W is
the weight of the extract and the container, W, the weight of the container alone, and W, the
weight of the initial dried sample (Anokwuru et al.. 201 ).

3.6.3.3 Preparation of extract concentration

Five hundred (500) mg of each extract was dissolved in 1ml of 20% Dimethy! sulfoxide

(DMSO) to obtain the concentration of 500 mg/ml as described by (Gideon er al., 2012).
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3.6.3.4 Phytochemical screening

The crude extracts of C. papaya were screened to check the presence of phytochemicals, such as:
flavonoid, tannins, terpenoids, cardiac glycosides, saponins, and steroids using the standard

procedures described by Gideon er al. (2012) and as described in Appendix 1.
3.6.3.5 Antimicrobial screening of crude extract

The antimicrobial activity of the extracts was demonstrated using agar well diffusion method as
described by Ogutu er al. (2012). Sterile Mueller Hinton agar plates were inoculated with the
standardized suspension of the isolates resistant to the antibiotics used above using the same
procedure as that of antibiotic susceptibility testing. Five wells of 5 mm diameter were punched
into the agar plates using a sterilized cork borer (5 mm). Using a micropipette, 100ul of both
extracts were added to the first, second and third well accordingly. A concentration of 7ug/ml of
vancomycin was prepared according to Johnson (2012) and100ul of the prepared vancomycin
was added to the fourth well as positive control while DMSO was added to the fifth wells as
negative controls. The diameter of the zone of inhibition was measured and results interpreted

according to the Clinical and Laboratory Standard Institute guidelines (CLSI, 2012).

3.6.3.6 Minimum inhibitory and bactericidal concentrations

The minimum inhibitory concentration (MIC) of the crude extracts was determined according to
Ogutu er al. (2012). Two-fold serial dilution of the extract was carried out in a series of sterile
tubes containing iml of nutrient broth to obtain different concentrations (500, 250,125, 625,
31.25 and 15.63 mg/ml). One ml suspension of the test organism compared with 0.5 McFarland
standard was added to each tube. This method was modified by preparing two sterile tubes: one
containing only nutrient broth and test organism without the extract, to serve as negative control;
and the other containing only the broth and extract without the test organism, to serve as positive
control. Each of the tests was done in triplicate in order to minimize errors,

The viability of the test organism was verified by plating out a loopful of broth suspension from
sositive control onto the sterile Mueller Hinton agar. The diluted tubes and the plates were
incubated overnight at 37°C. After incubation, the turbidity from each diluted tube was compared

with the control tubes and the highest dilution without turbidity was considered as MIC and
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interpreted in mg/ml. The turbidity was determined using spectrophotometer at 460nm

wavelength due to the colour of the extracts.

The result of MIC was used to determine Minimum Bactericidal Concentration by sampling
clear tubes. A loopful of broth from each clear tube was inoculated onto the nutrient agar in
triplicate. Nutrient agar plate was streaked with the test organism to serve as controls. All the
plates were incubated at 37°C for 24 hrs. After incubation the concentration at which no visible

growth was seen was taken as the MBC (Ugoh er al., 2013).

3.6.4 Presence of mecA gene among Methicillin resistant Staphylococcus epidermidis
isolated from different wards surfaces of Kampala International University-Teaching

Hospital.

Presence of mecA gene responsible for methicillin resistance in S. epidermidis isolates was

determined by Polymerase Chain Reaction (PCR) (Prasad ef al., 2012).

3.6.4.1 DNA extraction

Bacterial DNA was extracted by the standard protocol described by (Prasad er al., 2012). Briefly,
5 ml overnight culture of S. epidermidis was centrifuged for 10 minutes to harvest the cells. The
supernatant was discarded and 875 ul of TE buffer was added to the pellet. The cells were
suspended in the buffer by gentle mixing. 100 pl of Sodium dodecyl phosphate and 5 ul of
proteinase K were added to the cells. One milliliter (Iml) of phenol-chloroform mixture was
added to the content and mixed well by inverting the tubes and incubated at room temperature
for 5 minutes. The tubes were centrifuged at 10,000 rpm for 10 minutes at 4°C. The supernatant
was collected using cut tips and is transferred to a fresh tube. The process was repeated once
again by using phenol-chloroform mixture and the supernatant was collected in a fresh tube.
Hundred microliter (100 ul) of sodium acetate 3M was added to the tubes and mixed gently. Two
milliter (2 ml) of isopropanol was added and mixed gently by inversion till a white precipitate of
DNA was formed from the mixture. Ninety microliters (90ul) of the supernatant containing the
Deoxyribonucleic acid (DNA) was transferred into a new clean tube and put in an ice box for

Polymerase chain reaction (PCR) (Prasad er al., 2012).
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3.6.4.2 Polymerase chain reaction (PCR)

The presence of mecA gene in resistant S. epidermidis isolates was detected using conventional
PCR conducted from Molecular laboratory, College of Veterinary animal resources and
biosecurity, Makerere University. A known Methicillin resistant S. epidermidis and distilled
water were used as positive and negative controls respectively as described by Arefi. (2013). The
DNA of the Methicillin resistant S. epidermidis strains were amplified with the primers mecA-
Forward(5'-AAA ATC GAT GGT AAA GGT TGG C-37) and mecA-Reverse (5-AGT TCT
GCA GTA CCG GAT TTG C-3°). PCR was performed with a 25ul volume reaction mix
containing: 3.5ul of reaction buffer containing (50mM KCI, 10mM Tris-HCl (pH 8.0), 2.5 mM
MgCly), 0.5ul of Deoxyribonucleotide triphosphates (ANTP’s) (10mM), 1.5ul each of forward
and reverse primers, 2.5ul of Taq DNA polymerase, 2.5u1 (0.4mM) of DNA template and 13ul
of RNase free water. Amplification was performed by denaturation of the double stranded DNA
into single strands by subjecting it at 94°C for 5 mins. This was followed by lowering
temperature by thermo cycler to 55°C for 30 sec to allow the annealing of primers to the
beginning (3°) of each single stranded DNA (template). The extension was carried out at 72°C
for 2 mins with a total of 35 cycles and an additional extension at 72°C for 10 min. The

experiment was carried out within 30 mins.

The amplified DNA fragments were visualized under Ultra-violet (UV) trans-illumination
following electrophoresis at 85 volts on 1.5% agarose gel stained with ethidium bromide
showing bands for positive isolates and a molecular ladder (500bp) indicating the weight of base
pairs (Najar ez al., 2013).

3.7 Quality control

All the equipment in the laboratory, such as autoclave, microscope, incubator, evaporator, elc.
were used following the manufacturer’s operating guidelines. Each test was done in triplicate, in
order to minimize errors. Positive and negative controls were used so as to get precise and
'eliable results. To avoid contamination during PCR, the working surfaces were decontaminated
oy washing with 10% chlorine to hydrolyze possible DNA contaminants. During PCR, gloves

wnd laboratory coats were changed often, to prevent spread of amplified DNA or contamination
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with nucleases naturally occurring on skin that might degrade the sample DNA. The primers

were tested on known positive/negative controls prior to use, so as to avoid false-positive result.
3.8 Data analysis

The raw data was entered in an excel sheet and cleaned off'any errors. The data from objective |
and 3 were then analyzed using statistical package for social sciences (SPSS) version 21
software. From objective one, the distribution rate of S epidermidis between the wards and

surfaces were compared using one way ANOVA while from ob

jective three the inhibition zone
diameter provided by leaves extract (Methanol, Acetone and Aqueous) and seeds (Methanol,
Acetone and Aqueous) were compared using one way ANOVA and (-test, where p=0.05 was
used to indicate level of significance between the distribution of S. epidermidis and the activity
of the extracts. Results of objective two were presented in percentages while that of objective

four was interpreted using gel electrophoresis.
3.9 Ethical considerations

In order to make sure that the study is conducted ethically, several specific issues were

addressed.
3.9.1 Institutional consent
Ethical clearance was sought from the Research Ethics Committee of KIU-WC.

3.9.2  Hospital approval

Permission to collect samples from the selected wards and qualitative data from cleaners and
ward In-Charges was sought from the hospital management of KIU-TH and approval was
obtained.

3.9.3 Informed consent

All wards In-Charges for the seven wards and the randomly selected cleaners were informed of
he study. using the best locally understood language. The purpose of the study, methods.

bossible risk(s) and benefits of participation were clearly spelt out.
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Involvement in the research was voluntary and participants were free to opt out at any time
without penalty or loss of potential advantages. Individuals willing to be part of the study were
requested to fill out and sign a pertinent Consent form, administered by the researcher, and in the

presence of a witness. A copy of the signed form was given to the participants.
3.9.4  Privacy and confidentiality

Privacy of participants was ensured by protecting individual identity and information. For
example, all data collected was used without names of the participants and kept safely and

confidentially.
3.9.5 Justice in selection

Every respondent was given equal opportunity to participate in the study. No particular priority

was given to any group.
3.9.6  Respect of rights of individuals

Each respondent had an entitlement to his/her opinion, response and comments. The researcher

ensured that each and every response provided during the course of the study was respected.
3.9.7  Welfare of research participants

No conceivable risk was anticipated in this study. Every effort, however, was made to ameliorate

any unforeseen harm to participants in the study. By not exposing their identity to the public.
3.9.8 Protection of research personnel and environment

Protective wear, including gloves and laboratory coats were used to protect research personnel
igainst the test organism. Inoculation of samples was carried out in a safety cabinet to prevent
:nvironmental contamination and infection to research personnel.

All plates and any disposable materials used were properly disposed of or burnt after being
wtoclaved. Reusable glass wares were autoclaved so as to prevent the risk of infection; any

vashing was done in a sink; and the runoff disposed of in a septic tank. The surfaces of the
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working benches (Inner part of safety cabinet and pouring space) were decontaminated with 70%

ethanol.

3.9.9

Scientific validity

Well knowing that research cannot be ethically sound unless it is scientifically valid, reliable

resul

ts were generated for each objective, using authentic and feasible methods described herein.

Study operations were refrained from manipulation of findings and all the procedures and results

generated were securely and accurately documented.

3.10

H

Limitations to the study

Concentration of the active compounds (phytochemicals) in the leaves and seeds varies
depending on the season (dry or wet season) and time (morning and afternoon). This
limitation was minimized by ensuring that the leaves were collected very early in the
morning) and during the wet season.

The number of the samples collected was less than the proposed sample size due o the
limited number of doorknobs in the hospital. This was minimized by collecting equal
number of samples from all the seven wards.

The specific of the PCR fragments can mutate to the template DNA, due to non-specific
binding of primers. This was minimized by keeping the stipulated time given to each step
of the experiment as well as the level of temperature.

Irregularity of electric power availability affected the incubation period of the bacteria.

This was minimized by working during both day and night to compensate for time lost.
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CHAPTER FOUR: RESULTS

4.0 Introduction

This chapter consists of the results on; the distribution and risk factors associated with S
epidermidis in different wards surfaces of KIU-TH, susceptibility pattern of S. epidermidis
against commonly used antibiotics at KIU-TH, antibacterial activity, of C. papaya leaf and seed
crude extracts against antibiotic resistant S. epidermidis isolated from wards surfaces of KIU-TH

and mecA gene analysis of methicillin resistant strains of S. epidermidis.

4.1 Distribution of Staphylococcus epidermidis in different wards surfaces of Kampala

International University Teaching Hospital

4.1.1 Identification of Staphylococcus epidermidis isolated from wards surfaces of Kampala

International University Teaching Hospital based on the different tests

A total of three hundred and sixty three (363) swab samples were collected from four different
surfaces (Wall, Bedrail, Floor and Doorknob) in seven wards. Out of these 173(47.66%) yielded
pink colonies on Mannitol salt agar indicating they were coagulase negative. Following catalase
and coagulase tests, all the 173 pink colonies were catalase positive and coagulase negative as
indicated in table | and figure 2 (a,b and ¢) below. Out of 173 coagulase negative isolates, 143
were  susceptible  to  Desferroxiomine antibiotic. Out of 143 isolates susceptible  to
Desferroxiomine, 112 (30.85%) were susceptible to Fosfomycin antibiotic which was indicative

of S. epidermidis as shown in Table | and figure 2 {d and e) below.

Table 1: Identification of Staphylococcus epidermidis isolated from wards surfaces of

Kampala International University Teaching Hospital based on the different tests

Tests Number ofisolates tested Positive isolates (%)
Growth on Mannitol salt agar 363 173 (47.66)
Catalase 173 173 (100)
Coagulase 173 0 (0.00)
Desferroxiomine 173 143 (82.66)
Fosfomycin 143 112 (78.32)
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b. S. epidermidis positive for Catalase test

e. S. epidermidis susceptible to Fosfomycin

c. S. epidermidis negative for Coagulase test

Figure 2: Identification of Staphylococcus epidermidis using different tests.

32




4.1.2 The distribution of Staphylococcus epidermidis in ward surfaces of Kampala
International University-Teaching Hospital

Table 2 shows the distribution of S. epidermidis from all the seven wards and four surfaces
selected in this study. Among the selected wards, Surgical had the highest distribution rate
(25(22.32%) while Private had the lowest distribution rate 10(8.93%). However, the difference in
the distribution of S. epidermidis between the wards is not statistically significance at p-value >
0.05 (refer to appendix II and III). Moreover, among the surfaces bedrail had the highest
distribution rate 44(39.28%) while wall had the lowest distribution rate 11(9.82%). However,
statistically there was no significant difference in the distribution of S epidermidis between the
surfaces at p-value > 0.05 except wall vs bedrail which are statistically significant at p-value =

0.0001 (refer to appendix 1l and 111).




Table 2: The distribution of Staphylococcus epidermidis in ward

International University-Teaching Hospital

surfaces of Kampala

Sample source Sample size | Surfaces Sample No. of S. epidermidis
(wards) collected isolated (%)
f Wall 12 1 (0.89)
! Medical ward 52 Bedrail 14 8 (7.14)
| Floor 2 5 (4.46)
Doorknob 14 3(2.67)
Subtotal - - - 17 (15.18)
Surgical ward Wall 12 2(1.78)
52 Bedrail 14 9 (8.03)
Floor 12 6 (5.36)
Doorknob 14 8 (7.14)
Subtotal - - - 25 (22.32)
Maternity ward Wall 12 1 (0.89)
52 Bedrail 14 5(4.46)
Floor 12 S (4.46)
Doorknob 14 5 (4.46)
Subtotal - - - 16 (14.28) i
Accident and Wall 12 3(2.67)
Emergency ward 52 Bedrail 14 5 (4.46) o
Floor 12 5 (4.46)
Doorknob 14 2(1.78)
Subtotal - - - 15(13.39)
Pediatrics ward Wall 12 2(1.78)
52 Bedrail 14 7 (6.36)
Floor 12 3 (2.67)
Doorknob 14 3(2.67)
Subtotal - - - 15 (13.39)
Private ward Wall Il 0{0.00)
51 Bedrail 14 4357
Floor 12 1(0.89)
Doorknob 14 5 (4.46) B
Subtotal - - 10 (8.93)
Semi-private ward Wall 12 2(1.78) B
52 Bedrail 14 6 (5.36)
Floor 12 2(1.78)
Doorknob 14 4(3.57)
Sub total - - - 14 (12.5)
Total 363 - 363 112 (30.85)
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4.2 The antibiotic susceptibility pattern of Staphylococcus epidermidis isolates
The antibiotic susceptibility pattern of isolates was determined following measurement of zone

inhibition each antibiotic disc as indicated in the figure 3 below.

Gentamycin
ofloxacin [9mm (sensitive)

(Sensitive)

Cefazolin

mikacin » 32mm (Sensitive)

1 (Sensitive)

Cefoxitin

methoxazole , I'lmm (Resistant)

n (Resistant)

Figure 3: Zones of inhibition of some common antibiotics against Staphylococcus epidermidis
The percentages of resistance (R), intermediate (I) and susceptibility (Su) of S. epidermidis

against the different antibiotics was determined as shown in Table 3 below.

Out of 112 (30.85%) of the isolates, 105(93.8%) were sehsitive to Cefazolin while 90(80.4%)
were more resistant to Trimethoprim-sulfamethoxazole and Cefoxitin had the highest percentage

of intermediate 32(28.6%) as indicated in the table 3 below.
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Jable 3: The antibiotic susceptibility pattern of Stapliylococcus epidermidis isolates from the selected wards
Antibiotics (%)
Isolates Amikacin Cefazolin Trimethoprim- Ciprofloxacin Gentamycin Cefoxitin
per sulfamethoxazole
ward R ] Su R I Su R I Su R I Su R I Su R I Su
SGW 1 3 21 1 1 23 15 3 7 6 7 12 ] 3 21 3 7 15
(N=25) | (4.0) (12.0) (84.0) | (40) (4.0)  (92.0) (60.0)  (120)  (28.0) | (240)  (28.0)  (48.0) | (4.0) (12.0) (84.0) | (12.0)  (28.0)  (60.0)
MDW
(N=17) 3 1 13 I 2 14 11 4 2 l 6 10 2 4 11 2 4 11
(17.6) (5.9) (76.5) (5.9 (11.8) (82.3 (64.7) (23.5) (11.8) (5.9) (35.3) (38.8) | (11.8) (23.9) (64.7) (11.8) (23.5) (64.7)
AEW
(N=15) | 0 14 0 ] 14 11 3 1 2 2 10 1 0 14 2 5 8
(6.7)  (0.0) (93.3) (6.0) (6.7) (93.3) (73.3) (20.0) (6.7) (13.3) (13.3) (66.7) (6.7) (0.0) (93.3) (13.3) (33.3) (53.3)
PDW
(N= I 0 15 0 0 15 14 1 { 2 2 12 I 0 5 2 3 I1
15) (6.7)  (0.0) (93.3) (0.0) (0.0) (100.0) (99.3) (6.7) (6.7) (13.3) (6.7) (80.0) (6.7) (0.0) (93.3) (13.3) (20.0) (73.3)
MTW
(N=16) | © i 15 0 0 16 15 0 I 3 3 10 0 1 15 2 5 9
0.0y 6.2y (93.7) 0.0) (0.0) (100.0) (93.7) (0.0) (6.2) (18.7) (18.7) (62.5) | (0.0) (6.2) (93.7) (12.5) (31.2) (56.2)
PRW
(N=10) 0 0 10 0 0 10 10 0 0 4 1 5 0 ] 9 0 3 7
(0.0) (0.0) (100.0) | (0.0) (0.0)  (100.0) (80.0)  (20.0) (0.0) (40.0) (10.0) (50.0) 1 (0.0) (10.0)  (90.0) (0.0) (30.0) (70.0)
SPW
(N=14) 0 I 13 I 0 13 14 0 0 3 1 10 0 i 13 0 5 9
(0.0) (7.1) (92.9) (7.1)  (0.0) (92.9) (100.0) (0.0) (0.0) 214 (7D (71.4) (0.0) (7.1) (92.9) (0.0) (35.7) (64.3)
Total | 5{(4.5) 6(5.4) 86(76.8) | 3(2.7) 4(3.6) 105(93.8) | 90(80.4) 11(9.8) 12(10.7) 21(18.8)  22(19.6) 69(61.6) | 5(4.5) 10(8.9) 98(87.5) | 11(9.8) 32(28.6) 70(62.5)

Key: R= Resistance, [= Intermediate, Su= Susceptible. SGW= Surgical ward, MDW= Medical ward, AEW=

ward. PDW= Pediatrics ward, MTW= Maternity ward, PR W= Private ward, SPW= Semi-private ward.
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4.3 Antibacterial activity of Carica papaya leaf and seed crude extracts against methicillin
resistant Staphylococcus epidermidis isolated from wards surfaces of Kampala
International University-Teaching Hospital

The results presented here includes percentage yield, phytochemical analysis, antibacterial
activity and minimum inhibitory and minimum bactericidal concentrations of ¢’ papaya leaves
and seeds crude extract against antibiotic resistant S, epidermidis isolated from wards surfaces of
KIU-TH.

4.3.1 Percentage yield of Carica papaya leaf and seed crude extracts

Table 4 below shows the percentage yield of the crude extract of Carica papaya leaf and seed
using methanol, acetone and water as solvents. In the leaf and seed of . papaya, methanolic
crude extract gave the highest yield of 9% and 6.4% respectively while the aqueous gave the
least yield of 5% and 4.2% respectively. However, this procéss was repeated 3 times in order to
get enough crude extracts for the study following the same procedure.

Table 4: Percentage yield of leaf and seed crude extract of Carica papaya in different
solvents

Crude extract Leaf (%) Seed (%)
Methanol 9 6.4
Acetone 6.4 5.2
Aqueous 5 4.2

4.3.2  Phytochemical analysis of Carica papaya leaf and seed extracts

The phytochemical analysis of the plant extract carried out in this study revealed presence of
tannins, terpenoids, cardiac glycosides, alkaloids, phenols and triterpenoids in both leaf and seed
extract. However, seed additionally had flavonoids, saponins and steroids as shown in Table 5

below.
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Table 5: Phytochemical analysis of Carica papaya leaf and seed crude extracts

Test Leaf crude extracts Seed crude extracts

Phytochemicals  performed ME AL AqE ME AE Aql

Flavonoids l.ead acetate - - - + - -
test

Tannins Ferric + + + + + -
chloride test

Terpenoids Sulphuric + + - + + -
acid test

Cardiac Borntragor’s + - - + - -

Glycosides test _

Saponins Water test - - - - -

Steroids Chloroform - - - + + -
test

Alkaloids Wagner’s + + + + + -
test

Phenols Ferric + + + + + +
Chloride
test

Triterpenes Salkovaski’s + + - + + -
test

Key: ME= Methanol extract, AE= Acetone extract, AqE= Aqueous extract, + represents
positive. - represents negative

4.3.3 Antibacterial activity of methanol, acetone and aqueous crude extracts of Carica
papaya leaf and seed against antibiotic resistant S, epidermidis isolated from wards surfaces
of Kampala International University -Teaching Hospital

Table 6 shows the antibacterial activity of methanol, acetone and aqueous crude extracts of
vapaya leaf and seed against antibiotic resistant S. epidermidis isolated from wards surfaces of
KIU-TH. The seed crude extracts showed more activity than the leaf. Both seed and leal’ agqueous
crude extract had no activity while methanolic crude extract had the highest activity with
inhibition zones diameter of 23mm and 16.5mm respectively. Vancomycin (positive control) had
nhibition zone diameter ranging from 23 to 13mm. The difference between the activity of the
:xtracts from both leaf and seed is statistically significant at p-value < 0.05. However, there was
10 statistical difference between the activity of acetone and methanol leaf extracts at p-value =
).6650. Furthermore, there was no significant difference between the activity of acetone seed

:xtract and acetone leaf extract at p-value =0.0559 but the difference between the activity of
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methanol seed extract and methanol leaf is statistically significant at p-value= 0.0040 (refer to

appendix II and III).

Table 6: Antibacterial activity of leaf and seeds crude extracts of Carica papaya on
Methicillin resistant isolates of Staphylococcus epidermidis

illin | Ward Mean inhibition zone of leaf Mean inhibition zone of seed Mean inhibition
ant | Surfaces crude extracts crude extracts diameter (mm) zone of positive
of S. diameter (mm) control diameter
nidis (mm)
AE ME AgE AE ME AgE Vancomycin
/ Wall 12 11.5 - 15 16 - 16
Doorknob 11 13 - 12 14 - 14
Bedrail 13 14 - 16 18.5 - 23
Bedrail 10.5 11 - 13 15 - 17
Wall 13 14 - 14 21 - 14
Floor 16 12.5 - 18 19 - 16
Floor 14 16.5 - 21 23 - 14
Bedrail 15 17 - 18 20.5 - 13
Bedrail 10.5 11 - 11.5 13 - 15
Doorknob 11 13 - 13.5 16 - 18
Bedrail 0 11 - 10 12.5 - 20

Key: ME=Methanolic extract, AE= Acetone extract, AqE= Aqueous extract, - represents
absence.

a. Carica papaya leaf crude extract b. ‘Caric'&“p;lpa seed crude extract
Figure 4: Antibacterial activity of Carica papaya leaf and seed crude extracts against Methicillin

resistant S. epidermidis

39




4.3.4 Minimum inhibitory and minimum bactericidal concentrations (MIC and MBC) of
leaf crude extracts of Carica papaya on Methicillin resistant Staphylococcus epidermidis

Table 7 below shows the minimum inhibitions concentration of methanol, acetone and aqueous
crude extracts of Carica papaya leaf. The minimum inhibitory as well as the minimum
bactericidal concentrations ranges from 250 to 31.3 mg/ml respectively. Methanolic extract has
the lowest MIC values (31.3 mg/ml) against PD23B, MT5W, SG11B and highest MIC values
(125mg/ml) against MD11B, AE48F, SG17B and SG3D. Acetone extract gave highest MIC
value (125mg/ml) against AE48F and lowest MIC values (31.3mg/ml) against MD11B. PD19B,
MDS3F and AE28B.

The highest MBC value (250 mg/ml) of methanolic extract was shown against SG17B while the
lowest (62.5mg/ml) was against MTI3W, PD23B, PDI9B, MT5W, MDS3F and SG11B.
Acetone extract gave highest MBC values (125mg/ml) against MT13W, AE48F, SG17B and
SGIIB. and the lowest values (31.3mg/ml) against MD11B, PD19B and MD53F.

Table 7: Minimum inhibitory and minimum bactericidal concentration (MIC and MBC) of
leaf extracts of Carica papaya on Methicillin resistant Staphylococcus epidermidis isolated
from wards surfaces of Kampala International University-Teaching Hospital

Methicillin MIC values (mg/ml) MBC values (mg/ml)
resistant S. Wards Methanolic Acetone Methanolic Acetone
epidermidis Surfaces extract extract extract extract
isolates -
MTI3W Wall 62.5 62.5 62.5 125
PD23B Bedrail 31.3 62.5 62.5 62.5
MDI1B Bedrail 125 31.3 125 313
PDI19B Bedrail 62.5 ‘ 31.3 62.5 31.3
MTSW Wall 31.3 62.5 62.5 62.5
ALE48F Floor 125 125 125 125
MDS53F Floor 62.5 313 62.5 31.3
SG17B Bedrail 125 62.5 250 125
AE28B Bedrail 62.5 - 31.3 125 62.5
SG3D Door 125 62.5 - 125 62.5
SGI1B Bedrail 31.3 62.5 62.5 125

Key: MIC= Minimum Inhibitory Concentration, MBC= Minimum Bactericidal Concentration.
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4.3.5 Minimum Inhibitory and Minimum Bactericidal Concentrations (MIC and MBCQC)
of seed extracts of Carica papaya on Methicillin resistant Staphylococcus epidermidis

The results on the minimum inhibition concentration of methanol, acetone and aqueous extracts
of Carica papaya seed are shown in Table 8. The minimum inhibitory and the minimum
bactericidal concentrations ranged from 125 to 31.3 mg/ml respectively. Methanolic extract had
the lowest MIC values (31.3mg/ml) against PD23B, MD1 1B, MT5W, MD33F and SG3D and
highest MIC values (125mg/ml) against PD19B. Acetone extract gave highest MIC value
(125mg/ml) against MTI3W, AE48F and SG11B and lowest MIC values (31.3mg/ml) against
AE28B.

The highest MBC values (125mg/ml) of methanolic extract were shown against MTI3W.
PDI19B. SG17B and AE28B while the lowest (31.3mg/ml) against MTSW. Acetone exiract gave
highest MBC values (125mg/ml) against MT13W, MD11B, ALE4SF, MDS3F, SG3D and SG11B
and the lowest values (62.5mg/ml) against PD23B, PD19B, MTSW, SG178B and AE28B.

Table 8: Minimum Inhibitory and Minimum Bactericidal Concentrations (MIC and MBCQ)
of seed extracts of Carica papaya on Methicillin resistant Staphylococcus epidermidis

Strains of S. Wards MIC values (mg/ml) MBC values (mg/ml)
epidermidis Surfaces Methanolic Acetone Methanolic Acetone
extract extract extract extract
MTI3W Wall 62.5 125 125 125
PD23B Bedrail 31.3 62.5 62.5 62.5
MDI1B Bedrail 31.3 62.5 62.5 125
PDI9B Bedrail 125 62.5 125 62.5
MTSW Wall 31.3 62.5 31.3 62.5
AL48F Floor 62.5 125 62.5 125
MDS3F Floor 31.3 62.5 62.5 125
SGI17B Bedrail 62.5 62.5 125 62.5
AE28B Bedrail 62.5 313 125 62.5
SG3D Doorknob 31.3 62.5 62.5 125
SGI1B Bedrail 62.5 125 62.5 125

Key: MIC= Minimum Inhibitory Concentration, MBC= Minimum Bactericidal Concentration.
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4.4 Detection of mecA gene from Methicillin resistant Staphylococcus epidermidis isolated
from wards surfaces of Kampala International University-Teaching Hospital

The mecA gene responsible for Methicillin resistance was detected from the isolates resistant 1o
Cefoxitin. The bands (1-9) in the figure below were representative amplicons of the isolates at
the size of 500bp molecular ladder, while NC and PC were negative and positive controls
respectively.

Obp -

Figure 5: Typical amplicons of mecA genes of Methicillin resistant S epidermidis

All the 11 isolates of S. epidermidis resistant to Cefoxitin which were believed to be Methicillin
resistant strains were found to be carrying mecA gene as shown in Table 9 below.

Table 9: Methicillin resistant Staphylococcus epidermidis isolated from wards surfaces of
Kampala International University-Teaching Hospital

Serial Isolates Wards Surfaces mecA gene
number ‘

] SG11B Bedrail ‘ +
2 SGO3D Doorknob ‘ +
3 SGI17D Doorknob +
4 MDIIB Bedrail ‘ +
3 MDS53F Floor +
6 AE28B Bedrail +
7 AE48F Floor +
8 PD23B Bedrail +
9 PD19B Bedrail +
10 MTOSW Wall ; +
B MTI3B Bedrail +

Ley: SXT= Sulfamethoxazole-Trimethoprim, CIP= Ciprofloxacin, CZ~= Cefazolin, AK= Amikacin, GEN=
jentamicin, SGB= Surgical (Bedrail), SGD= Surgical (Doorknob), MDB= Medical (Bedrail), MDF= Medical
Floor), AEB= Accident and Emergency (Bedrail), AEF= Accident and Emergency (Floor), PDB= Pediatrics
Bedrails). MTW= Maternity (Wall), MTB= Maternity (Bedrail), + represents positive.
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
5.0 Introduction

The aim of the study was to determine the antibacterial activity of Carica papaya and common
antibiotics against Staphylococcus epidermidis isolated from wards surfaces of Kampala
International  University Teaching Hospital with specific objectives of determining the:
distribution and risk factors associated with Staphylococcus epidermidis in wards surfaces of
KIU-TH., Antibiotic susceptibility pattern of S. epidermidis isolated from wards surfaces of KIU-
TH, Antibacterial activity of C. papaya leaf and seed crude extracts against antibiotic resistant S.
epidermidis isolated from KIU-TH wards surfaces and presence of mecA gene in Methicillin
resistant S. epidermidis isolated from KIU-TH. The chapter includes discussion of the results,

conclusions and recommendations in accordance to the objectives stated above.

5.1 Discussion

Staphylococcus epidermidis is one of the major causes of nosocomial infections that follow
catheterization and other surgical procedures through contaminated surfaces and/or medicaj
equipment resulting in infections of wounds or surgical sites, urinary or respiratory tracts and the
brain (Brannigam et al., 2012). The distribution of S. epidermidis in wards surfaces of KIU-TH
from this study was 112 (30.85%). S. epidermidis was more sensitive to Cefazolin (93.8%) while
more resistant to Trimethoprim-sulfamethoxazole (80.4%) among the antibiotics tested. The
phytochemical analysis of the plant extract carried out in this study revealed presence of tannins,
terpenoids, cardiac glycosides, alkaloids, phenols and triterpenoids in both leaf and seed extract.
However, seed additionally had flavonoids, saponins and’ steroids. The leaf and seed crude
extracts (methanol and acetone) of Carica papaya had activity against Methicillin resistant S.
epidermidis while water crude extract had no activity at all. The minimum inhibitory as well as
the minimum bactericidal concentrations of leaf crude extracts ranges from 250 to 31.3 mg/ml
while of seed ranged from 125 to 31.3 mg/ml respectively. All the 11 isolates of S. epidermidis
resistant to Cefoxitin which were believed to be Methicillin resistant strains were found to be

carrying mecA gene

The prevalence of S. epidermidis in wards surfaces of KIU-TH from this study is lower

compared to the 43.7% which was reported in the study by Aloma et al. (2016) in tertiary health
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care hospital, Brazil and the 39.2% reported by Amenu ef al. (2014) in the hospital environment
of Ethiopia. However, this study showed a higher prevalence of S. epidermidis than a study by
Ochie et al. (2009) in Nigeria and Wojtyczka et al. (2011) in Ghana which showed prevalence of
12.7% and 17.2% respectively. The prevalence reported by this study was in line with a study by
Robert ef al. (2014) in Poland, where the prevalence of S. epidermidis in hospital environment
was reported to be 26.2%. The prevalence of S. epidermis attained from this study could
probably be attributed to inadequate cleaning of the floor (two times in a day) or not mopping the
surfaces (doorknobs, walls and bedrails) or use of detergents (Omo, Jik, Teem and Aerial) as

disinfectant which are so weak to kill the bacteria (Garza et al., 2010).

The higher distribution rate of S. epidermidis on bedrail (39.3%) in this study was in agreement
with the 100% prevalence on bedrail as reported by Boyce (2007) from Nigeria. Similarly, the
distribution rate of S. epidermidis on doorknob/handle in this study (26.8%) is lower than 53.8%
and 38% of Staphylococci on door knob/handle reported by Hammuel ez al. (2014) and Carvalho
el al. (2007) respectively. The distribution-rate noted in this study of S. epidermidis on door
knobs/door handles may probably be because they are the most frequently touched surfaces
among others or the fact that the knobs and handles were not being mopped with disinfectant
after cleaning in all the seven selected wards as interviewed. Bhalla et al. (2004) and Boyce
(2007) reported that environmental contamination in health care settings arise when healthcare
workers touch the surfaces with their hands or gloves particularly after attending 10 the patients
or when the patients come in direct contact with the surfaces. The distribution rate of S
epidermidis on the floor (24.12%) is higher than 8.6 and 16.7% reported by Hammuel er a/.
(2014) in two different hospitals’ environment in Zaria. However, 30.8% was reported by Boyce
et al. (1997) and 50.0% by Carvhalo ef al. (2007) in Brazil which are higher compared to this
study. Perhaps the variations of the contamination between these hospitals could be due to the
difference in hygiene practices within the hospitals. In this study, walls had the least distribution
rate of S. epidermidis (9.82%) among other surfaces, this may be due to the fact that patients and

health workers rarely get in contact with the walls as compared to other surfaces.

The highest percentage of resistance by S. epidermidis against Trimethoprim-sulfamethoxazole
(72.32%) was in agreement with the findings of Hulya er al. (2006), Hellmark er al. (2009), Xiao
et al. (2011) and Muhammad er al. (2015) who reported 62.5%, 82%, 58.5% and 87% of S.

44



epidermidis resistant to Trimethoprim-sulfamethoxazole respectively. However, it is higher than
33.33% of S. epidermidis resistance to Trimethoprim-sulfamethoxazole reported by Mariem et
al. (2015). Resistance to Ciprofloxacin (18.75%) in this study is lower than the one reported by
Hellmark e al. (2008) and Mariem e al. (2015) with 79% and 66.67% respectively. Moreover, a
set of contrary results higher than the findings of this étudy were reported from Iran and
Argentina which ranges between 56% to 77% and 80% respectively (Hadidi es al., 2008;
Rodinguez e al., 2003). However, it is closely related to results reported from Turkey and
Brazil ranging between 20 to 59.2% and 25.5% respectively (Bayram and Balci, 2006; Mendez
e/ al., 2005). The highest percentage of resistance by S. epidermidis to Trimethoprim-
sulfamethoxazole in this study could be as a result of frequent use of the antibiotic in the hospital

due to it being cheaper and first line drug.

The percentage of S. epidermidis resistant to. Cefoxitin (9.82%) in this study was very low
compared to the previous studies carried out by Begum e al. (2011), Hellmark er al. (2009) and
Akinjogunla ef al. (2014) who reported 50.4%, 58% and 33.3% of Cefoxitin resistance by S.
epidermidis in their studies respectively. Resistance to cefoxitin by disc diffusion can be used for
the detection of Methicillin resistant S. epidermidis (MRSE) strains in routine testing because
cefoxitin is a potential inducer of the system that regulates mecA gene (Madhusudhan es ..
2011). Therefore, low percentage of cefoxitin resistance exhibited by S. epidermidis in this study
could be as a result of insignificant number of MRSE in the hospital through which the resistance

is transferred from one strain to the other.

The low percentage of' S. epidermidis resistant to Gentamycin (4.46%) in this study, is similar (o
the study of Hammuel er al., (2014) that reported 0.00% of the pathogens resistant to
Gentamycin but lower than that of Akindele er al. (2010) with 39% resistance. Moreover, the
percentage of S. epidermidis resistant to Amikacin (5.35%) according to this study is in support
of the findings of Mariem er al. (2015) where 2.78% of S, epidermidis was resistant to Amikacin.
Resistance to Cefazolin (2.67%) in this study support the report of Muhammad er al. (2015)
where 7.2% of S. epidermidis was resistant to Cefazolin. However, Ibrahim e al. (2015) reported
that 82.8% of S. epidermidis was resistant to Cefazolin in his study which is higher than the
findings of this investigation. However, Cefazolin is the most effective antibiotic against S.

epidermidis isolated from KIU-TH and this could be as a result of it been a rare drug, as such it
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may be difficult for this bacteria to understand the drug’s mechanism of action and develop

resistant to it.

The susceptibility percentage of S epidermidis to Cefazolin, Gentamycin, Amikacin and
Ciprofloxacin (93.8%, 87.5%, 76.8%, 61 .6%) in this study, is slightly higher than that of Ibrahim
ef al. (2015) who reported 50.8%, 44.3% and 17.2% for Gentamycin, Ciprofloxacin and
Cefazolin respectively. Moreover, in another studies of Bilal and Srikanth (2013) and
Muhammad er al. (2015), Amikacin, Cefazolin and Gentamycin were effective against S.
epidermidis with 93.1%, 91.8%, and 96.2% respectively which are higher than the results of the
present study. The high susceptibility of Cefazolin, Gentamycin, Amikacin and Ciprofloxacin in
this study could be as a result of them being second line antibiotics and a bit more expensive,
which decreases their usage by the patients and as such they are not more exposed to the bacteria
through which resistance may occur. These variations in antibiotic susceptibility pattern
indicates that regional differences perhaps played a role in the resistance profiles of bacteria and
further justifies the necessity to embark on antibiotic susceptibility studies on bacterial isolates

[rom different hospitals on a regular basis (Hammuel ez al., 2014).

The more effectiveness of the methanolic and acetone crude extracts against the test organisms
as compared to the aqueous extracts may probably be due to the better solubility of the active
components in organic solvent and differences in the phytochemical compounds present in the
extracts (Nirosha and Mangalanayaki 2013). The more effectiveness (higher inhibition zones) of
methanolic extracts than acetone and aqueous extracts for both the leaves and seeds was in
agreement with Subramanian ez al. (2014) in his study on antimicrobial properties (' papayva
different leaf extracts against £. coli and S. aureus. However, it is contrary to the findings of
Aruljothi et al. (2014) who reported that acetone extract of (" papaya leaf and seed had more
activity than methanol and aqueous extracts. Lack of activity by aqueous extracts of the leaf and
seed against all the resistant isolates of S. epidermidis, correlate with the report of Nirosha and
Mangalanayaki (2013) that showed that aqueous extract of C. papaya leaves and roots were
ineffective against all the organisms tested in their study. However, another study from Okunola
and Alabi (2012) reported that aqueous extract of C. papaya leaves exhibited higher activity
against S. aureus compare to acetone and methanol extracts. However, the difference in the

finding of this study from that of Okunola and Alabi (2012) could probably be due to the
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differences in the method and the plant sample used. In this study differs from that of the study
mentioned above where they used disc diffusion instead of agar well diffusion method, and a

fresh leaf extract instead of dried leaf extract.

The antibacterial activity of methanolic seed extracts of . papaya against Methicillin resistant S,
epidermidis is in support of a study carried out by Ayanfemi and Bukola (2015) and that of
Egbuonu ez al. (2016) that showed seed extracts to be more effective than the leaf against all the
organisms tested in their study. The variation of antibacterial activities of the different extracts
depends on the polarity of the solvents used, concentrations of the compounds being extracted
from each solvent and in addition to their extrinsic bioactivity and by their ability to dissolve or
diffuse in the media used in the assay (Anjana ef al.,2009). Methanolic extracts were more
effective in this study, this could be because it contains more phytochemicals (Flavonoids,
Tannins, Terpenoids, Cardiac glycosides; Steroids, Alkaloids, Phenols and Triterpenes).
However water extracts exhibited on activity against Methicillin resistant S epidermidis, this
could be attributed to the low quantity of phytochemicals (Phenols, Saponins, Tanins and
Alkaloids) in the extracts. Plant extracts have the ability to either inhibit or completely kili the
bacterial cell under study: this can be examined through the determination of minimum
inhibitory and minimum bactericidal concentration of the active extracts. It was reported that the
phytochemicals responsible for antibacterial activity in C. papaya are the Papain, Alkaloids,

Flavonoids, Tannins and Steroids as reported by Natarjan e/ al. (2014)

The results of MIC and MBC from this study (250 to 31.3 mg/ml and 125 to 31.3 mg/ml)
correlate with the discoveries of Ayandele and Oluwaseun (2015) which reported the MIC’s and
MBC’s values of Carica papaya leaf and seed extracts against many bacterial isolates including
Staphylococcus aureus ranging between 200 to 150mg/ml and 200 to 175mg/ml respectively,
However, the MIC’s and MBC’s values are higher compare to other studies reported by
Mwesigwa er al. (2012) with MIC values ranging between 100 to 3.12 mg/ml against E. coli and
Okunola et al. (2012) reported the MIC of Carica papaya leaf extract against £ coli,
Salmonella, S. aureus and Strepiococcus pyogens ranged between 100 to 75mg/ml. The high
MIC’s and MBC”s values observed with extracts against test organisms might be an indication of
low effectiveness or that the organisms have the potential for developing resistance to the

bioactive compounds (Jigna er al, 2006). Therefore, the high MIC’s and MBC’s values
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observed in this study with both the Carica papaya leaf and seed extracts may be due to the fact
that the organism used in this study were resistant isolates.The bioactivity of plant extracts is

dependent upon its phytochemical constituents.

Presence of mecA gene in all the 11 isolates resistant to Cefoxitin in this study was in line with
the study by Baguma ez al. (2017) where mecA gene was found in all the 300 isolates resistant to
Cefoxitin (100%). However, the percentage obtained from the study was higher compared to
studies by Natalia e al. (2011) and Andrea et al. (2010), also reported very high percentages of
95.12 and 93.75 respectively of mecA positive Staphylococcus epidermidis resistant to Cefoxitin,
However, the result is in contrast to some studies reported 80% and 74.02% of S. epidermidis
harbouring mecA gene among the Cefoxitin resistant isolates (Amita et al., 2008; Samah ¢r ol
2009). The presence of mecA gene in all the 11 isolates in this study indicated that, the isolates
were resistant to methicillin which represents all the B-lactam group of antibiotics (Peacock and

Paterson, 2015).

5.2 Conclusions

This study showed presence of S epidermidis in the different ward surfaces in KIU-TH with
door knobs and bedrails being more contaminated. Trimethoprim-sulfamethoxazole antibiotic
was less ciffective against S. epidermidis isolated from KIU-TH wards surfaces while Cefazolin
was most effective. Carica papaya leaves and seeds (methanol and acetone crude extracts) had
antibacterial activity against the antibiotic resistant S epidermidis isolated from KIU-TH wards

surfaces. All the eleven (11) Cefoxitin resistant S. epidermidis isolates had mecA gene.

5.3 Recommendations

5.3.1. All the wards surfaces investigated in KIU-TH should be mopped and decontaminated

ising a strong disinfectant that contains phenol.

>.3.2. Cefazolin, Gentamycin and Amikacin could be better prescriptions in the management of

nfections caused by S. epidermidis.

».3.3. Carica papaya leaf and seed crude extract could be used as a source of novel antibiotics to

»e used in the management of infections caused by S. epidermidis.
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5.3.4. Finally, a further study should be carried out to detect mecA gene from both Methicillin
resistant and sensitive S. epidermidis 1o find out whether there are other factors responsible for

Methicillin resistance in Staphylococci.

49



References

Adejuwon A.O, Agbaje E.O, Idika N. (2011). Antifungal and antibacterial activities of aqueous
and methanolic root extracts of Caric papaya linn. (Caricaceae). Ini. Res. J of

Microbiol, 2(8), 270-277.

Akindele, A.A., Adewuyi, K., Adefioye, O.A., Adedokun, S.A. & Olaolu, A.O. (2010).
Antibiogram and betalactamase production of Staphylococcus aureus isolates from
different human clinical specimens in a tertiary health institute in Ile-Ife Nigeria.

American-Eurasian J. of Sci. and Research, 5(2), 230-233.

Akinjogunla, O. J., Ajayi, A.O. & Ekeh, N.O. (2014). Virulence factors and Antibiotic Resistant
Staphylococcus spp from the Anterior Nares of Apparently Healthy Undergraduate

Students in Uyo. American J. of Research Comm., 2(4), 23-31

Aliya S. Abdul Rasheed M. & Yalavarthy P. Devi. (2016). Antibacterial activity of methanolic

extract of unripe Carica papaya Linn. Fruit. Indian J Applied & Pure Bio, 31(1), 19-22.

Allegranzi, B. & Pittet, D. (2009). Role of hand hygiene in healthcare-associated infection

prevention. J. Hosp. Infection. 7(3), 305-315.

Aloma, O.S Olonitola, E.D Jatau. (2016). lsolation, Characterization and Antibiotic
Susceptibility Patterns of Pseudomonas Aeruginosa and Staphylococcus aureus from
Hospital Environment in Kaduna Metropolis, Kaduna State. Inter. .J of Sci. and Research
Publications, 6(5), 23-31

Amenu Desalegn. (2014). Isolation of Bacterial Pathogens from Patients with Postoperative
Surgical Site Infections and Possible Sources of Infections. Int. J. Curr. Res. Biosci

Plant Biol, 1(1), 51-55,

Amita Jain, Astha Agarwal & Raj Kumar Verma. (2008). Cefoxitin disc diffusion test for
detection of meticillin-resistant staphylococci. Journal of Medical Microbiology, 57,
057-961.

50




Anam Farid, Iram Naz, Asma Ashraf, Aamir Ali, Asad-ur-Rehman, Yasra Sarwar & Abdul
Haque (2015). Molecular detection of antimicrobial resistance in local isolates of

Staphylococcus epidermidis from urinary tract infections in faisalabad region of Pakistan.
EXCLI Journal. 14, 697-705.

Andrea T. FeBler, Carmen Billerbeck, Kristina Kadlec & Stefan Schwar. (2010). Identification
and characterization of methicillin-resistant coagulase-negative staphylococei from

bovine mastitis. J Antimicrob Chemother, 65, 1576-1582.

Anibijuwon I, A. Udeze. (2009). Antimicrobial activity of Carica papaya (pawpaw leaf) on
some pathogenic organisms of clinical origin from South Western Nigeria. Ethnobot.

Leaflets, 7(2), 4-9.

Anjana S, R.V & Padmini R. (2009). Antibacterial Activity of Some Medicinal Plants Used by
Tribals Against Uti Causing Pathogens. World App. Sci. J., 7(1), 332-339.

Anokwuru. C.P. Anyasor, G.N., Ajibaye O., Fakoya O., Okebugwu P. (2011). Effect of
Extraction Solvents on Phenolic, Flavonoid and Antioxidant activities of Three Nigerian

Medicinal Plants. Nature and Sci., 9(7), 456-472.

Antonella C, Daniela A, Giuseppe D, Arcangelob P & Tagliatesta. (2007). Chemical profile of
unripe pulp of Carica papaya. J Food Comp Anal, 20(3), 584—590.

Apanga S, Adda J, Issahaku M, Amofa J, Mawufemor KRA & Bugr S. (2014). Post-operative
surgical site infection in a surgical ward of a tertiary care hospital in Northern Ghana. In.

J. Res. Health Sci, 2(1), 207-212.

Arefi, F.. Mohsenzadeh, M. & Razmyar, J. (2013).Isolation, antimicrobial susceptibility and
mecA gene analysis of methicillin-resistant Sraphylococcus aureus in Iranian white

cheeses. Iranian J. of Vet.Res, 15(2), 127-131.

Aruljothi C, Uma, P. Sivagurunathan, M. & Bhuvaneswari. (2014). Investigation on
Antibacterial Activity of Carica Papaya Leaf Extracts against Wound Infection-Causing

Bacteria. Int. J. of Res. Studies in Biosci., 2(3), 8-12.

51




Arusho and Paul. (2010). Kampala International University Western Campus Outs First Batch of

Doctors. Daily Monitor. Kampala, Retreieved 3 Feberuary 2015.

Awatif’ Al-Judaibi.(2015). Comparative study of plant extracts as broad-spectrum antibacterial

agents. Inter. J. of Eng. and Sci., 5(7), 27-33.

Ayandele Abiodun A & Ayandele Oluwaseun B. (2015). Antibacterial activity of Carica papaya
leaves and seeds extracts on some bacteria and their phytochemical characterization.

Inter. J. of Bot. and Res., 5, 15-22

Ayanfemi A. Abiodun and Bukola A. Oluwaseun. (2015). Antibacterial activity of Carica
papaya leaves and seeds extracts on some bacteria and their phytochemical

characterization. Int. J. of Bot. and Res., 5(3), 15-22.

Ayoola A. Adeyeye. (2010). Phytochemical and nutrient evaluation of Carica papaya (pawpaw)
leaves. Int. J. of Biol. Res.,5(2), 9-16.

Azeez-Akande O. (2012). Emerging and reemerging infectious agents of nosocomial diseases
‘The need for review of hospital policy and control strategies. Bayero J. Pure App. 5(3).

[9-25.

Baguma A.. Benon AL Bazira J. (2017). Efficacy of Cefoxitin disc diffusion test as surrogate
. g . . ) . ) - AT O /
marker for Methicillin resistance in comparison to mecA gene PCR to detect MRSA, 2

AMR Confeience 2017 Abstract book; 26:30.

Baskaran. (2012).The Efﬂcacy' of Carica papaya leaf extract on some bacterial and a fungal

strain by the well diffusion method. Asi. Pac. J. of Trop. Dis.,20(3), 5658 — 5662.

Bayram A, Balci 1. (20006). Patterns of antimicrobial resistance in a surgical intensive care unit of

a university hospital in Turkey. BMC Infect Dis, 6(2), 154-155.

Bek-Thomson M. (2008). Acne is Not Associated with Yet-Uncultured Bacteria. .J. of
Cl Microbiol, 46(2), 3355-3360.

52



Bilal A., Srikanth.(2013). Prevalence and antimicrobial susceptibility of Methicillin resistant
Staphylococcus  aureus and coagulase-negative staphylococci in a tertiary care

hospital.Asian J Pharm Clin Res., 6(4), 231-234

Bilger W., Rolland, M. & Nybakken, L. (2007). UV screening in higher plants induced by low
temperature in the absence of UV-B radiation. Photochem. Photobiol. Sci., 6(1), 190—
195.

Boyce, K., Bartels, M.D., Andersen, LS., Moller, J.A. & Westh, H. (2007). A new multiplex
PCR for easy screening of methicillin-resistant Staphylococcus aureus SCCmec types |-

V. Clin. Microbiol Infec., 13(4), 725-727.

Brannigan, E., Holmes, A. (2012). Healthcare associated infections the Size of the Problem In

antibiotic policies. Springer New York, 3(2), 1-14.

Brinas L, Moreno MA, Teshager T, Sdenz Y. Porrero MC & Dominguez L. (2005). Monitoring
and characterization of extended-spectrum B-lactamases in Escherichia coli strains from

healthy and sick animals in Spain. Antimicrob Agents, 49(3), 1262-1321.

Buck JD. (2008). Nonstaining (KOH) method for determination of gram reactions of marine

bacteria. App! Environ Microb, 44, 99-121.

Caluwa, D. E., Halamora, K. & Damme, V. P. (2010). Tamarindusindica L. A review of

traditional uses, phytochemistry and pharmacology.Afiica Focus, 23(1), 53:83.

Calzada F, Yepez-Mulia L & Tapia-Contreras A. (2007). A comparative evaluation of in vivo
antiplasmodial activity of aqueous leaf exracts of Carica papaya, azadirachia indica,
magniferaindica and the combination thereof using plasmodium infected balb/c mice. .J.

Lthnopharmacol., 113(4), 248-251.

Carvalho, K.S., Melo, M.C., Melo, G.B. & Gontijo-Filho, P.P. (2007). Hospital surface
contamination in wards occupied by patients infected with MRSA or MSSA in a

Brazilian university hospital. .J. of Basic and Appl. Pharm. Sci., 2(8), 159-163.

53



Cherifi S, Byl B, Deplano A, Nagant C, Nonhoff C & Denis O. (2014). Genetic characteristics
and antimicrobial resistance of Staphylococcus epidermidis isolates from patients with
catheter-related bloodstream infections and from colonized healthcare workers in a

Belgian hospital. 4nn Clin. Microbiol. Antimicrob, 13(2), 20-31.

Chima N., Sarah U., Etienne C., Nnenna O., Jane N. & Mary Joan N. (2015). Antibacterial
Activities of Dried Leaf Extracts of Carica Papaya, Pterocarpus soyauxii, and Vernonia
amygdalina on Clinical Isolates of Escherichia coli,  Klebsiella  pneumoniae,
Staphylococcus aureus and Bacillus subtilis. Annals of West University of Timisoara, ser.

Biology, 19 (1), 35-40.

Chu VH, Miro JM & Hoen B. (2009). Coagulase-negative staphylococcal prosthetic valve
endocarditis— a contemporary update based on the International Collaboration on

Endocarditis: prospective cohort study. Heart. 95(3), 570-642.

Clinical Laboratory Science Institute. (2012). Methods for dilution antimicrobial susceptibility

tests for bacteria that grow aerobically: approved standards, (Sth ed), 43-47.

Creswell J.W. (2007). Designing and conducting mixed methods research. Thousand oaks,

(3%eds), 209-240.
Dancer S.J. (2001).The problem with Cephalosporin. J. of Antimicro. Chemoth., 48(2), 463-478.

Darouiche RO. (2001). Device-associated infections: a macroproblem that starts with

microadherence. Clin Infect Dis, 33(2). 1567-1572.

Dawkins G, Hewitt H, Wint Y, Obiefuna PC & Wint B, (2003). Antibacterial effect of Caricy

papaya fruit on common wound organism, West Indian Med J, 52(5), 290-292.

Deurenberg RH, Stobberingh, EE. (2009).The molecular evolution of hospital- and community-

associated methicillin-resistant Staphylococcus aureus. Curr. Mol Med., 9(2),100-115.

Diekema D.J, Pfaller M.A, Schmitz F.J, Smayevsky J, Bell J, Jones R.N & Beach M. (2001).

Survey of infections due to Staphylococcus species: Frequency of occurrence and

54




antimicrobial susceptibility of isolates collected in the United States, Canada, Latin
America, Europe, and the Western Pacific region for the SENTRY Antimicrobial
Surveillance Program. Clin. Infect. Dis. , 32(2), 114-132.

Dixon D. & Jeena G. (2017). Comparison of different solvents for phytochemical extractions

potentials from Datura metel plant leaves. Inter. J. of Biol. Chem., 11, (3), 17-22.

Doughari JA. Elmahmood AM, Manzara S. (2007). Studies on the antibacterial activity of root

extracts of Carica papaya L. Afi-J Microbiol, 21(3), 037-041.

Egbuonu, Eberechi M. Harry, Anthony Cemaluk & Ifeanyi A. Orji. (2016). Comparative
Proximate and Antibacterial Properties of Milled Carica papaya (Pawpaw) Peels and

Seeds. British J. of Pharm Res., 1(2), 1-8

El-Mahmood M, Abubakar. (2015). Antimicrobial susceptibility pattern of pathogenic bacteria
causing urinary tract infections at the Specialist Hospital, Yola, Adamawa state. Nigeria.

J.of Clin. Med. and Res, 1(2)., 001-008.

Emeruwa AC. (2005). Fractionation and purification of the enzymes stored in latex of Carica

papaya. J Nat Prod, 4(5), 123~127.

Fang WF. Yang KY, Wu CL & Yu CJ. (201 I). Application and Comparison of scoring indices to

predict out comes in patients with health care associated pneumonia. Crit Cara, 15(1), 32

Fey P, D. Olson, M. E. (2010). Current concepts in biofilm formation of Staphylococcus
epidermidis. Future Microbiol., 5(2), 917-933.

Frebourg NB, Lefebvre S, Baert S, Lemel & JF. (2000). PCR-based 20 assay for discrimination
between invasive and contaminating Staphylococcus  epidermidis strains. J. Clin.

Microbiol., 38(2), 877-80.

“uglevand G., Jackson, J. A. & Jenkins, G. I. (1996). UV-A, and blue light signal transduction
pathways interact synergistically to regulate chalcone synthase gene expression in
Arabidopsis. Plant Cell, 8(3), 2347-2357.

55



Garza-Gonzdlez  E.  Morfin-Otero R, Llaca-Diaz  JM &Rodriguez-Noriega  E.
(2010).Staphylococcal cassette chromosome mec (SCC mec) in methicillin-resistant

coagulase-negative staphylococei.A review and the experience in a tertiary-care setting.
Epidemiol Infect., 138(3), 645-654.

Gideon 1. Ogu W. Omotola T, Perpetua U, Nwachukwu B & Esegbuyota I. (2012).
Antimicrobial and phytochemical evaluation of the leaf, stem bark and root extracts of

Cyathulaprostrata (L)  Blume against some human pathogens. J.  Intercult

Ethnopharmacol., 1(2), 35-43.

Greco D, Magombe I. (2011). Hospital acquired infections in a large north Ugandan hospital. /.
Prev. Med. Hyg, 2(5), 55-58.

Hadadi A, Rasoulinejad M, Maleki Z, Yonesian M & Shirani A. (2008). Antimicrobial resistance
pattern of Gram-negative bacilli of nosocomial origin at 2 university hospitals in Iran.

Diagn Microbiol Infect Dis., 60(2), 301-305.

Hall-Stoodley L, Costerton JW & Stoodley P. (2004). Bacterial biofilms: from the natural

environment to infectious diseases. Nar Rev Microbiol, 2(3), 95-108.

Hammuel C., Edward D. Jatau, Clement M.Z. & Whong. (2014). Prevalence and Antibiogram
Pattern of’ Some Nosocomial Pathogens Isolated from Hospital Environment in Zaria,

Nigeria. Aceh Int. J. Sci. Technol., 3(3), 131-139.

Hanssen, A.M., Sollid, J.U. (2007). Multiple staphylococcal cassette chromosomes and allelic
variants of cassette chromosome recombinases in Staphylococcus aureus and coagulase-

negative staphylococci from Norway. Antimicrob. Agents Chemother, S| (3). 1671-1677.

Hedin G. (1993). Staphylococcus epidermidis hospital epidemiology and the detection of
methicillin resistance. Scand. J. of ]/7feci; Dis., 90(4), 1-59.

Hellmark, M. Unemo, A .Nilsdotter-Augustinsson & B.So" derquist. (2009). Antibiotic

susceptibility among Staphylococcus epidermidis isolated from prosthetic joint infections

56



with special focus on rifampicin and variability of the rpoBgene. Clin. Microbiol Infect.,
15(2), 238-244.

Hewitt H, Whittle S, Lopez S, Bailey E & Weaver S. (2002). The use of papaya on pressure
ulcers. West Indian Med J., 49(2), 32-33.

Hidron Al, Edwards JR, Patel J. (2008). NHSN annual update: antimicrobial-resistant pathogens
associated with healthcare-associated infections: annual summary of data reported to the
National Healthcare Safety Network at the Centers for Disease Control and Prevention.

Infect Control Hosp. Epidemiol, 29(3), 996—1011.

Hiramatsu K, Katayama Y. Yuzawa H & Ito T, (2002). Molecular genetics of methicillin-

resistant Staphylococcus aureus. Int J Med Microbiol, 29(2), 67-74.

Huebner J. Goldmann, D.A. (1999). Coagulase-negative staphylococci: role as pathogens. Annu.
Rev. Med,50(4), 223-236.

Hulyal, Senay E. & Dilek O. (2006). Antibiotic resistance of Staphylococcus aureus and
Coagulase-negative staphylococei isolated from bovine mastitis. Bull Vet Inst Pulawy,

50(3), 41-45

Ibrahim AT, Mazhar SA, Emad H, Salih K & Konrad S. (2015). Prevalence and antimicrobial
susceptibility pattern of coagulase-negative staphylococci (CoNS) isolated from clinical

specimens in Northern of Jordan. fran. J, microbial., 7(2), 294-301

Ivan S. (2012). Microbial contaminants isolated from items and work surfaces in the post-

operative ward at Kawolo general hospital, Uganda. Thesis.

Jigna, P. (2006). Evaluation of antibacterial and phytochemical analysis of Bauhinia variegate 1.

bark. Afr. J. Biomed. Res., 9(3), 53-56.

Johnson. A. P., M. Warner, M. Carter, & D. M. Livermore. (2012). In vitro activity of
cephalosporin . RWI-54428 (MC-02479) against multidrug-resistant gram-positive

cocci. Antimicrob. Agents Chemother., 4(0), 321-326

57



Khan JA., Yadav J., Srivastava Y. & Pal PK. (2012). In vitro evaluation of antimicrobial

properties of Carica papaya. IJBPAS., 1(7). 933-945,

Kloos, W.E. (1980). Natural populations of the genus Staphylococeus. Annu Rev Microbiol,
34(2), 559-592.

Koksal, H. Yasar, M .Samasti. (2009). Antibiotic resistance patterns of coagulase- negative
staphylococcus strains isolated from blood cultures of septicemic patients in Turkey.
Microbiol. Res. J, 164(7), 404-410.

Koll BS, Brown AE. (1993). The changing epidemiology of infections at cancer hospitals. (/in
Infect Dis, 17(2), 322-328.

Kozitskaya S, Cho SH. Dietrich K. Marre R. Naber K & Ziebuhr W. (2004). The bacterial
insertion sequence element 1S2356 occurs preferentially in nosocomial Staphviococcus
epidermidis isolates: association with biofilm formation and resistance to

aminoglycosides. Infect. Immun,72(5), 1210-1215.

Kramer A., Schwebke, [. & Kampf, G. (2006). How long do nosocomial pathogens persist on

inanimate surfaces? A systematic review. BMC Infec., 6(6), 130-141.

Landers T.F., Hoet, A. & Wittum, T.E. (2010). Swab Type, Moistening, and Pre-enrichment for

Staphylococcus aureus on Environmental Surfaces. J. Clin. Microbiol, 48(4), 2235-2236.

Mack D. Sabottke. A. Dobinsky. S, Rohde, H, Horstkotte, MA & Knobloch JK.(2005).
Differential expression of methicillin  resistant by different biofilm-negative
Staphylococcus  epidermidis transposon mutant classes. Antimicrobial Agents and

Chemothe, 46(4), 178-183.

Madhusudhan, N.S., Deepa. S. & Shoba, D.N. (2011). Correlation of cefoxitin disc diffusion test
and oxacillin disc diffusion test for detecting mecA mediated oxacillin resistant

Staphylococcus aureus. J. of Pharm and Biomed Sci., 10(2), 2230 — 7885.

58



Mendes C, Oplustil C, Sakagami E, Turner P & Kiffer C. (2005). Antimicrobial susceptibility in

intensive care units. Braz J Infect Dis, 9, 44-51,

Meriem EL, Khadija H, Khalid EK, Mimoune Z, Mohammed EL & Amin L. (2013).

Characterization of Bacterial Strains and their Resistance Status in Hospital Environment.
J Trop Dis, 4(2), 1-10

Metrouh-Amir H, Duarte CMM, Maiza F (2015) Solvent effect on total phenolic contents,

antioxidant, and antibacterial activities of Matricariapubescens. Ind. Crop Prod., 67(3),
249-256.

Miragaia M, Thomas JC, Couto I, Enright MC, & de Lencastre H. (2007). Inferring a population
structure for Staphylococcus  epidermidis from multilocus sequence typing data. J
Bacteriol, 189(2), 2540-2552.

Mohammad AM, Kiarash G, Rasool J, Mohammad Y, Marzieh S, Gholam A. Garamjan J, &
Falahi D. (2015). Retrospective Study on the Prevalence and Antibiotic Resistance
Pattern of Staphyviococeus aureus and Staphylococcus  epidermidis Among Patients

Suspicious of Bacteremia. InrJ Enteric Pathog, 3(4), 56-39.

Mohammad E, Dariush G, Reza M & Vahhab. (2015). Incidence and Antibiotic Susceptibility
Pattern of Staphylococcus spp. in Urinary Tract Infections (UTI), IRAN, 2013-2014.
Current Research in Bacieriology, 8(2), 41-47.

Murdoch DR, Corey GR, Hoen B. (2009). Clinical presentation, etiology, and outcome of
infective endocarditis in the 21st century: the International Collaboration on

Endocarditis- Prospective Cohort Study. Arch Intern Med., 169(1), 463-73.

Mwesigwa B.. Genny M., Miriela B. Valladares, Victoria K., David N., Joseph O & Owela
Noah, (2015). Antibacterial effect of crude methanol Carica papaya L. (papaya) extract

and amoxicillin combination. Revista Cubana de Plantas Medicinales, 20(4), 453-464.

59



Nagesh M., Samreen A. (2016). Antimicrobial Activity of Carica papaya, piper nigrum and
Datura Stramonium plants on Drug resistant pathogens isolated from Specimens. J. of
Biotech., 2(6), 1-6.

Najar-Peerayeh S., Ali Jazayeri Moghadas & Mehrdad B. (2014). Antibiotic Susceptibility and
mecA Frequency in Staphylococcus epidermidis, Isolated From Intensive Care Unit

Patients. Jund. J. Microbiol., 7(8), 11-18

Nalwoga J., Michael T., Albert N., Onchweri, J.,Nyabayo M., Cyprian M., NyariboC & Ondieki
M. (2016). Drug resistant Staphylococcus aureus in Clinical Samples at Kampala
International University-teaching Hospital, Bushenyi District, Uganda.  American

Journal of Biomedical Research, 4(2), 94-98

Namuddu B, Kalyango NJ, Karamagi C, Mudiope P, Sumba S, Kalende H, Wobudeya E, Kigozi
KB & Waako P. (2011). Prevalence and Factors Associated With Traditional Herbal
Medicine Use Among Patients on Highly Active Antiretroviral Therapy In Uganda. BMC
Public Health, 3(11), 855-856.

Natalia L. P. lorio, Milena B. Azevedo, Vanessa H. Frazdo, Ariane G. Barcellos, Elaine M.
Barros, Eliezer M. Pereira, Claudio S. de Mattos, Kétia R. N. & dos Santos. (201 1.
Methicillin-resistant - Staphylococcus  epidermidis carrying biofilm formation genes:

detection of clinical isolates by multiplex PCR. nternational Microbiology, 14, 13-17.

Natarjan S, Theivanai, Vidhya R M. (2014). Potential medical properties of Carica papaya Linn.
Int. J. Pharm., 6(4), 168-173.

Nejad SB, Allegranzi B, Syed SB, Benjamin EB & Pittet D. (2011). Health-care associated
infection in Africa: A systematic review. Bull. World Health Organ, 89(3), 757-765.

Nguyen TT, Shaw PN, Parat MO, Hewavitharana AK. (2013). Anticancer activity of Carica

papaya : A review. Mol Nutr. Food Res., 57(3), 153—164.

Nilsson L. Flock P. Lindberg G. (1998). A Fibrinogen-Binding Protein of Siaphylococcus

epidermidis. J. Infect. And Immu., 66(4), 2666-26732.

60



Nirosha and R. Mangalanayaki. (2013). Antibacterial Activity of Leaves and Stem Extract of

Carica papaya L. Inter. J. of adv. in pharm, Biol. and chem., 2(3), 2277 — 4688.

Nkuo-Akenji T, Ndip R, McThomas A & Fru EC. (2001). Studies on the antibacterial activity of
root extract of Carica papaya L. Afi J Med., 47(3), 155-158.

Ochie, K., Ohagwu, C.C. (2009). Contamjnation of X-Ray equipment and accessories with
nosocomial bacteria and the effectiveness of common disinfecting agents. Afr. J. Basic

Appl. Sci., 1(3), 31-35.

Ogutu A, 1, Lilechi, D. B., Mutai, C., &Bii, C. (2012). Phytochemical analysis and antimicrobial
activity of Phytolaccado decandra , Cucumis aculeatus and Erythrina excels. J. of

Pharm., 2(3), 692—704.

Okee Moses S, Moses L Joloba, Margaret O, Florence C Najjuka, Fred A Katabazi, Freddie B,
Ann Nanteza & David P Kateete. (2012). Prevalence of virulence determinants in
Staphylococcus epidermidis from 1CU patients in Kampala, Uganda. J Infect Dev Ciries,
6(2), 242-250.

Okeniyi JA, Ogunlesi TA, Oyelami OA & Adeyemi LA. (2007). Effectiveness of dried Carica
papaya seeds against human intestinal parasitosis: a pilot study. J Med Food, 10(5), 194-
6.

Okigbo.(2009). Advances in selected medicinal and Aromatic plants indigenous to Africa. /.
Med. Plants Res., 3(4), 086-095,

Okunola A. Alabi, Muyideen T. Haruna, Chinedu P. Anokwuru, Tomisin J, Harrison A, Victor
U. Okegbe & Babatunde E. (2012). Comparative studies on antimicrobial properties of
extracts of fresh and dried leaves of Carica papaya (L) on clinical bacterial and fungal

isolates. Adv. in Appl. Sci. Res., 3(3),.3107-3114.

Jrhuep.o.Andmomoha.r.m. (2013). Antibacterial activities of different solvent extracts of Carica
papaya fruit parts on some gram positive and gram negative organisms. Inter. J. Herbs
& Pharmacol. Res., 2(4), 42 —47.

61




Osato JA, Santiago LA, Remo GM. (2003). Effect of green and ripe Carica papaya epicarp

extracts on wound healing and during pregnancy. Life Sci., 53(3), 1383-1389.

Otsukia N, Dangb N H, Kumagaia E, Kondoc A, Iwataa S, & Morimoto C. (2010). Aqueous
extract of Carica papaya leaves exhibits anti~tumor activity and immunomodulatory

effects. J Ethnopharm., 127(3), 760-767.

Otto M. (2009). Staphylococcus epidermidis — the 'accidental’ pathogen. Nature Reviews
Microbiol., 7(4), 555-567.

Peacock SJ, Paterson GK. Mechanisms of Methicillin Resistance in Staphylococcus aureus. Ann
Rev Biochem, 84(4),574-577.

Prasad N. Nayak G, Satpathy H.L, Nag P, Venkatesh S, Ramakrishnan S. Ghose & T.C Nag.
(2012). Molecular & phenotypic characterization of Staphylococcus epidermidis in

implant related infections. Indian J Med Res., 136(4), 483-490.

Queck SY & Otto M. (2008). Staphylococcus epidermidis and other Coagulase-Negative
Staphylococci. Staphylococcus: Molecular Genetics.  Caisier Academic Press. (3"eds),
978-987.

Rodriguez CH, Juarez J, de Mier C, Pugliese L. & Blanco G. (2003). Bacterial resistance to
antibiotics in gram-negative rods isolated from intensive care units. Comparative

analysis. Medicina (B Aires), 63(2), 21-27.

Roth R.R., James, W.D. (1988).Microbial ecology of the skin. 4nnu Rev Microbiol., 42(3), 441-
464,

Rupp ME, Archer GL. (1994). Coagulase-negative staphylococei: pathogens associated with

medical progress. Clin. Infect. Dis., 19(4), 231-243.

Saba C. Kosi S., Jean Kwadwo A., & Stephen Wilson K. (2017). Prevalence and pattern of

antibiotic resistance of Staphylococcus aureus isolated from door handles and other

62




points of contact in public hospitals in Ghana. Antimicrob. Resist. and Infect. Cont., 6(4),
44-46.

Samah Saad El Dine, Mohamad Shemis, Mohamad Saber. (2009). Accuracy of Phenotypic
Methods in Detection of Methicillin Resistant Staphylococci Species Compared to PCR

Assay for mecA Gene. Egyptian J. of Med Microbiol., 8, 24-32

Samuel SO, Kayode OO, Musa Ol Nwigwe GC, Aboderin AQO, Salami TAT & Taiwo SS.
(2010). Nosocomial infections and the challenges of control in developing Countries. Afr.

J. Clin. Exp. Microbiol., 11(5), 102-110,

Shira A, el al. (2015). First genome sequences of Staphylococcus aureus sbdp. aureus Rosenbach
1884 (DSM 20231T), Dtermined by PacBio Single-Molecule Real-Time Technology.

Genome Announc, 3(4), 13-15.

Skinner S, Murray M, Walus T, Karlowsky JA. (2009). Failure of cloxacillin in treatment of a
patient with borderline oxacillin-resistant Staphylococcus aureus endocarditis. J. Clin.

Microbiol., 47(3), 859-861.

Stray, F. (1998). The natural guide to mediciﬁal herbs and plants. Tiger books international
London, 2(3),12-16.

Subramanian G. Brij B. Tewari & R. Gomathinayagm. (2014). Antimicrobial Properties of
Carica papaya Different Leaf Extract against £. coli, S. aureus and C. albicans. African

J.of Plant Sci., 1(1), 025-039.

Thiago G, da Silva P. Keli Cristine R, Caio Fernando de O & Pedro Alvesd’A. (2013). MALDI-
TOF MS performance to identify gram-positive cocci clinical isolates in Porto

Alegre/RS. Brazil J. Infect Control, 2(3), ['12-116.

Turlej, A. Hryniewicz, W. Empel, J. (201 1). Staphylococeal cassette chromosome mec (Scemec)

classification and typing methods: An overview. Pol. J Microbiol., 60(4), 95-103.

63




Ubukata K, Nonoguchi, R, Matsuhashi M & Konno M. (2007). Expression and inducibility in
Staphylococcus aureus of the mecA gene, which encodes a methicillin-resistant S

aureus-specific penicillin-binding protein. J. of Bacteriol, 171(5), 2882-2885.

Udoh P, Essien I, Udoh F. (2005). Effect of Carica papaya (paw paw) seeds extract on the
morphology of pituitary-gonadal axis of male Wistar rats. Phyrother, 19(4), 1065~1068.

Ugoh S, Chukwudi H and Isa M. (2013).Phytochemical Screening and Antibacterial Activity of

the Fruit and Leaf Extracts of Tamarindus Indica (Linn.). Report and Opinion, 5, 54-57.

Valle, J, Vergara-Irigaray, M, Merino, N, Penade” s, J. R. &lasa, 1. (2007). B regulates 1S256-
mediated Staphylococcus aureus biofilm phenotypic variation. J. Bacteriol, 18(9), 2886

2896.

Wang, L., Li, J.L., Ma, W.H., Li, J.Y. (2014). Drug resistance analysis of bacterial strains
isolated from burn patients. Genet. Mol. Res, 13(6), 9727-9734.

Wei L, Dongxue Y, Na L, Xiaogai H, Dongmei W, Dengwu L, & Jianjun L. (2016). Influence of
Environmental Factors on the Active Substance Production and Antioxidant Activity in

Potentillafruticosa L. and Its Quality Assessment. Scientific Reports, 10(5), 285-289.,

Wojtyczka, R.D.. Krakowian, D., Marek, L., Skiba, D., Kudelski, A., Jasik K., Pacha, J. Analysis
of the polymorphism of Staphylococcus strains isolated from a hospital environment. Afr.
J.Microbiol. Res., 5(4), 4997-5003.

Wood SM, Shah SS, Bafana M, Ratner AJ, Meaney PA, Malefho KCS & Steenhoff AP. (2009).
Epidemiology of methicilin resistance Staphylococcus aureaus bacteremia in Gaborone,

Botswana. Infect. Control Hosp. Epidemiol, 30(5), 782-785.

World Health Organisation. (2014). Antimicrobial resistance: conserving life-saving medicines

takes everyone’s help. WHO.

World Heaith Organization (WHO). (2011). Report on the Burden of Endemic Health Care-
Associated Infection Worldwide. (NLM classification: WX 167) Geneva, WHO, 1-34.

64



Xiao Xue Ma, En Hua Wang, Yong Liu & En JieLuo. (201 ). Antibiotic susceptibility of

coagulase-negative staphylococci (CoNS): emergence of teicoplaninnon- susceptible

CoNS strains with inducible resistance to vancomycin. J. of Med. Microbiol., 60(4),
1661-1668.

65



Appendix I: Phytochemical screening

Test for flavonoids: 1.0ml of 10% lead acetate will be added to 1.0ml of the extract contained in

a test-tube. A formation of a yellow precipitate will be considered as positive for flavonoids.

Test for tannins: 5.0g of dried extract will be stirred with 10.0m! of distilled water. The mixture
will be filtered and ferric chloride reagent will be added to the filtrate. A blue-black precipitate

will be taken as positive for the presence of tannins.

Test for terpenoids: 0.5ml Of the dried extracts will be evaporated to dryness on a water bath
and heated with 3ml of concentrated sulphuric acid for 10minutes on a water bath. Formation of

grey colour will indicate the presence of terpenoids.

Test for cardiac glycosides: 0.5g of dried extract will be dissolved in 2.0ml of glacial acetic
acid containing one drop of ferric chloride solution. The solution will then under lay with 1.0ml
of concentrated H2SO4. A brown ring formed at the interface shows the presence of a
cardenolides.

Test for saponins: This will be screened by shaking 0.5g of dried extract with water in a test

tube, frothing which persist on warming will be used as evidence for the presence of saponins.

Test for steroids: 0.5g of the dried extract will be extracted with 2.5ml of chloroform in a test
tube and Iml of concentrated sulphuric acid added to form a lower layer. A reddish-brown

interface will be taken as the presence of steroids.
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Appendix II: Statistical analysis

Statistical difference in the distribution of S, epidermidis between the wards

Turkey’s multiple comparisons test Summary Adjusted P-Value
Surgical vs. Medical Ns 0.8871
Surgical vs. Maternity Ns 0.8218
Surgical vs. Pediatrics Ns 0.7430
Surgical vs. Accident and Emergency Ns 0.7430
Surgical vs. Semi-private Ns 0.6552
Surgical vs. Private Ns 0.3138
Medical vs. Maternity Ns >(.9999
Medical vs. Pediatrics Ns > 0.9999
Medical vs. Accident and Emergency Ns >0.9999
Medical vs. Semi-private Ns 0.9992
Medical vs. Private Ns 0.9361
Maternity vs. Pediatrics Ns >(.9999
Maternity vs. Accident and Emergency Ns >0.9999
Maternity vs. Semi-private Ns >0.9999
Maternity vs. Private Ns 0.9687
Pediatrics vs. Accident and Emergency Ns >0.9999
Pediatrics vs. Semi-private Ns >0.9999
Pediatrics vs. Private Ns 0.9874
Accident and Emergency vs. Semi-private Ns >0.9999
Accident and Emergency vs. Private Ns 0.9874
semi-private vs, Private Ns 0.9961
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Statistical analysis of the distribution of . epidermidis between the surfaces

Turkey’s multiple comparisons test Summary Adjusted P-Value
Wall vs. Bedrail ‘ Kok 0.0001
Wall vs. Doorknob & 0.0305
Wall vs. Floor ns 0.0830
Bedrail vs. Doorknob ns 0.1520
Bedrail vs. Floor ns 0.0601
Doorknob vs. Floor ns 0.9646

#= degree of significance

Statistical analysis between the activities of Carica papaya leaf and seed extracts

P-values

Seed Acetone leaf and seed Methanol leaf and seed
‘key’s multiple comparisons test Leaf

B 0.3753 0.05592 0.0040a

tone vs. Methanol 0.6650
< 0.0001

tone vs. Water < 0.0001
<0.0001

hanol vs. Water < 0.0001
< 0.0001

tone vs. Positive control < (.0001
) - 0.0002

hanol vs. Positive control < 0.0001
<0.0001

er vs. Positive control <0.0001

KEY: superscripts a = one sample t test.

68




Appendix III: Graphical presentation of results

” A isolates per ward B isolates per surface
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to b) from graph B means there is significance between the group.

Figure 6: Graphical presentation of the distribution of S. epidermidis between the wards and
surfaces
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Figure 7: Diagrammatical presentation of antibacterial activity of C. papaya leaf and seed crude

extracts
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Appendix IV: Ethical clearance form
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