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ABSTRACT

Staphylococcus aureus is one of the most important and common cause of
community-acquired as well as hospital-acquired infections. Moreover,
methicillin resistant strains of S. aureus, usually being resistant to several
antibiotics, are now presenting the major threat in many different countries
throughout the world. The aim of this study was to determine the
prevalence of infection caused by S. aureus as well as MRSA strains and to
determine their antimicrobial susceptibility pattern. A cross-sectional study
was carried out from September to December 2018 at IFCH, Kathmandu,
Nepal, in which 227 S. aureus isolated from 961 clinical specimens.
Methicillin-resistant Staphylococcus aureus (MRSA) identified by using
the Cefoxitin (30 pg) disc diffusion method followed by the Clinical and
Laboratory Standards Institute (CLSI 2012) guidelines. Among 227
isolates, 55.9% (n=127) were from inpatients and 44.1% (n=100) were from
outpatients. Likewise, 62.5% (n=142) were from male patients and 37.4%
(n=85) were from female patients. Overall, the highest percentage of S.
aureus isolation (32.2%) was found in toddler’s age group. Antibiogram of
all 227 S. aureus strains showed chloramphenicol (78.4%) was most
effective drug, followed by meropenem (76.2%), clindamycin (74%) and
the least effective drug was found to be erythromycin (37.4%). Prevalence
of MRSA, using cefoxitin discs, was found to be 48% (n=109) whereas,
vancomycin was found to be 100% effective. Out of 109 MRSA strains, the
maximum number of strains (n=62) were isolated from the inpatients.
Similarly, in overall, the highest number of MRSA isolates (n=33) was
found in the patients of toddlers age group. High prevalence of
staphylococcal infection and the infection due to MRSA in the hospital
patients showed the need of regular surveillance. The study also showed the
need of evaluation of antibiotic disks before the study in Nepal.

Key words: S. aureus, antibiogram, MRSA, cefoxitin, International

Friendship Children’s Hospital.
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CHAPTER I
INTRODUCTION AND OBJECTIVES

1.1 Background

Staphylococci are spherical shaped, Gram positive bacteria belonging to the
family Micrococcaceae. Micrococcaceae cells may occur singly or as irregular
clusters (Atlas 1995). The three most frequently encountered species of
clinical importance are Staphylococcus aureus, Staphylococcus epidermidis
and Staphylococcus saprophyticus. Among them, Staphylococcus aureus is a
major pathogen for humans (Rajaduraipandi et al 2006). S. aureus can be
differentiated from other species of staphylococci by a unique characteristic of
it to produce coagulase, an enzyme that converts fibrinogen to fibrin and clots
the plasma (Brooks et al 2004).

Staphylococcus aureus is Gram positive coccus appears as grape like clusters,
non-sporing, nonmotile, and usually non capsulated bacteria (Chakraborty et
al 2005). They are facultative anaerobes and most strains ferment mannitol
aerobically. They are catalase and coagulase positive and produce an
extracellular cell clumping factor, and some strains produce capsule (Brown et
al 2005). Staphylococcus aureus has the capacity to produce a wide range of
virulence factors, causes various pyogenic infections, food poisoning and toxic
shock syndrome. Staphylococcus aureus capable of invading intact normal
skin are rare, most able of cause infection, only when they enter through
breaks in the skin. Staphylococcus aureus causes pyogenic infections like
breast abscess, post-operative wound infections, folliculitis, impetigo,
furuncles, septic arthritis, lung abscess and etc. Disseminated infections are
septicemia often consequent metastatic secondary foci and toxin mediated
infections are toxic shock syndrome, staphylococcal food poisoning, and
staphylococcal scalded skin syndrome (Collee et al 2006).

Infection due to S. aureus caused several deaths before the discovery of
penicillin, a beta-lactam drug. After the discovery of this antibiotic, the
frequency of staphylococcal infections reduced to a minimum level, however,

soon after a few years of its discovery, penicillin-resistant strains of S. aureus



developed. These organisms produced beta-lactamase enzyme, which is
plasmid encoded, and caused the disruption of the beta-lactam ring, hence, no
effect of this antibiotic appeared against these organisms. Later, a semi-
synthetic drug, methicillin was introduced against those beta-lactamase
producers and proved to be successful (Chambers 2001). However, once
again, soon after its discovery, methicillin resistant strains of S. aureus
appeared in 1961. Since its first report, the strain has been progressively
causing increased mortality, morbidity, and health care costs with skin and
soft tissue infections, ventilator-associated pneumonia, catheter associated
bacteraemia, and many other infections in hospitals and communities
(Shanson 1981; Maple et al 1989).

When MRSA strains first appeared, they occurred predominantly in the
healthcare setting. However, methicillin resistance is now increasingly
recognized in the community (Chambers 2001). Healthcare-associated MRSA
(HA-MRSA) is particularly efficient at developing resistance to antimicrobial
agents. Treatment of infections caused by Methicillin resistance
Staphylococcus aureus strain became more difficult since Staphylococcus
aureus became resistant not only to usual penicillin related antibiotics but also
most other structurally unrelated antibiotics such as chloramphenicol,
rifampicin (Cosgrove et al 2005).

Drug resistance is mostly seen in hospital acquired infection than in
community acquired infections. This is due to widespread use of antibiotics in
the hospital that select for these bacteria. These hospital strains are
characterized by developing resistance to multiple antibiotics at the same time.
Common examples of such strains of bacteria showing drug resistance

includes E. coli, S. aureus etc. (Parija 2013).

Multi drug resistance (MDR) is a condition enabling a disease-causing
organism to resist distinct drugs or chemicals of a wide variety of structure
and function targeted at eradicating the organism. Multi drug resistance is
defined as resistance to two or more antibiotics belonging to different
structural classes (CDC 2006). Multidrug resistance is one of the biggest



problems facing global public health. Antibiotic available without
prescription, without benefit of guardiance from a clinician or even a
pharmacist, their indiscriminate usage without regard for specific symptoms
has favoured the increasing trend of antibiotic resistance as shown by various
studies (ASM 2009). In the study of antibiotic resistance pattern of S. aureus
conducted at Manipal Teaching Hospital, of 117 S. aureus isolates tested
15.4% were found to be MRSA with fourteen (77.8%) of the methicillin

resistant isolates resistant to all agents tested (Subedi et al 2005).

The resistance to antimicrobial agents among Staphylococci iS an increasing
problem which has led to renewed interest in the usage of Macrolide-
Lincosamide-Streptogramin B (MLSB) antibiotics to treat staphylococcal
infections with clindamycin being the preferred agent due to its excellent
pharmacokinetic properties (Delialioglu et al 2005; Deotale et al 2010). These
three antibiotics are chemically distinct but their mode of action is similar
(Gadepalli et al 2006; Leclercq and Courvalin, 1991). The MLS antibiotics
have three different mechanisms of resistance such as; target site modification,
enzymatic antibiotic inactivation and macrolide efflux pumps (Jadhav et al
2011).

Staphylococcal resistance to oxacillin/methicillin occurs when an isolate
produces an altered penicillin-binding protein, PBP2a, which is encoded by
the mecA gene. The variant penicillin-binding protein binds beta-lactams with
lower avidity, which results in resistance to this class of antimicrobial agents.
In 1961, the first methicillin resistant Staphylococcus aureus strains were
identified (Grundmann et al 2006). Methicillin resistance is genetically and
biochemically complex, mediated by staphylococcal cassette chromosome
(SCCmec), a mobile genetic element encoding for an altered penicillin-
binding protein (PBP2a, mecA) with decreases affinity to -lactams (Gorden
et al 2008). MRSA infections account for 20-80% of all nosocomial S. aureus
infections in many centers across the world (Fomda et al 2014; Fluit et al
2001; Krishnamurthy et al 2014). MRSA may transmit from person to person
by physical contact and rarely by air. The nasopharynx is the main ecological



niche of the S. aureus (Burian et al 2010), although it is found in almost all

parts of body.

MRSA strains are difficult to eradicate as they are multidrug-resistant leaving
glycopeptides antibiotics such as vancomyecin, as the drugs of choice. Since,
the emergence of vancomycin resistance in enterococci in 1988 and its in vitro
demonstration that its resistance gene (Van A and Van B) are transmissible to
other bacterial species including S. aureus, emergence of vancomycin
resistance in clinical Staphylocococci has become a great concern. The
treatment of suspected S. aureus infections is becoming more complicated and
clinical significance of these strains requires further investigation (CDC 2002).
The indiscriminate use of antibiotics, prolonged hospital stay, lack of
awareness, receipt of antibiotics before coming to hospital etc. increases the
chance of emergence and spread of MRSA (McDonald et al 1997). The rise of
drug resistant MRSA is a serious problem in the treatment and control of

staphylococcal infection.

The prevalence of MRSA has varied from hospital to hospital in various
countries. Several researches and studies conducted in our country also show
the range of percent isolates. In a study carried out by Kumari et al (2008),
26.14% MRSA strains were isolated in a tertiary-care hospital in Eastern
Nepal. Lamichhane et al in 1999 reported 11.76% MRSA strains were isolated
from 17 S. aureus samples collected in TUTH whereas 31.43% MRSA strains
were isolated from 35 S. aureus in Kanti Children’s Hospital. Likewise,
Rajbhandari et al (2002) in 2002 found that 54.9% of S. aureus isolates were

resistant to methicillin.

The prime focus of this study is on the frequency of infections caused by S.
aureus in the patients visiting hospitals as well as on its antibiotic sensitivity
pattern. The study will also demonstrate the present scenario of MRSA and the
sensitivity pattern of different antibiotics used against it. This study is really
useful for the future planning and policy making in healthcare centers and

hospitals in order to combat with the spreading.



1.2 OBJECTIVES

1.2.1 General objective

1.2.2

To study antimicrobial susceptibility pattern of Staphylococcus aureus
isolated from clinical samples.

Specific objectives

To isolate and identify Staphylococcus aureus from clinical samples.
To determine Methicillin resistant Staphylococcus aureus.

To determine the distribution of Staphylococcus aureus and MRSA
according to the ward, age and gender of patients.

To assess the Multi-drug resistance (MDR) pattern among the isolates,

To determine Inducible Clindamycin resistance.



CHAPTER Il

LITERATURE REVIEW

2.1 General Characteristics of Staphylococci

Staphylococci are Gram positive spherical cells, that occurs usually in grape-
like clusters (Brooks et al 2004). The term Staphylococcus is derived from the
greek word (staphyle, meaning bunch; kokkus, meaning berry) (Chakraborty
et al 2005). Staphylococci are gram positive cocci and non-motile, non-spore
forming, occasionally capsulate, catalase positive in nature (Cheesbrough
2008). Staphylococci are widespread in nature, their normal habitats being the
skin and mucous membranes of man and birds. Most important
pathogenicstrains are S. aureus, which can cause both superficial and deep
pyogenic infections as well as a number of toxin-mediated illnesses. Common
species of staphylococci that are found on human skin include S. epidermidis,
S. haemolyticus, S. hominis, S. warneri, S. capitis, S. lugdunensis and S.
simlulans. All of these are opportunistic pathogens, especially in patients with
intravascular catheters, or implanted prosthetic devices, or who are
immunosuppressed (Colley et al 2006). The pathogenic staphylococci often
hemolyze blood, coagulase plasma, and produce a variety of toxins and an
extracellular enzyme (Brooks et al 2004). Staphylococci are also transmitted
from person to person (Forbes et al 2007).

2.2 Classification of Staphylococcus
Staphylococci can be classified in various ways depending on their cultural
characteristics, colony morphology, biochemical characteristics, pathogenicity

and cell wall structure.

2.2.1 Classification on the basis of pigment production
1. S. aureu producing golden yellow colonies and are pathogenic.
2. S. albus producing white colonies and are non-pathogenic.
3. S. citreus producing yellow colonies and are non-pathogenic.
(Ananthanarayan and panikar, 1986).



2.3 Staphylococcus aureus

Staphylococcus aureus is a spherical shaped Gram-positive bacterium and gets
its name from the golden colour of its pigmentation produced on agar media.
These bacteria are catalase and coagulase positive and relatively resistant to
reduced water potential and tolerate drying and high salt fairly well (Brock
2003). It is a usual member of the microbiota of the body, frequently found in
the upper respiratory tract and on the skin. Staphylococcus aureus, a
worldwide pathogen, causes a variety of infections ranging from minor skin
infections such as impetigo, boils, cellulitis, folliculitis, scalded skin syndrome
and abscesses to life-threatening diseases such as osteomyelitis, meningitis,
endocarditis, toxic shock syndrome and bacteremia (Tenoverfag 2006).
Staphylococcus aureus also produce several different toxins, includes
staphylococcal enterotoxin, exfoliatin toxin, toxic shock syndrome toxin,
alpha toxin and leucocidin (Salyersaaw 2002).

2.3.1 Morphological and Cultural Characteristics

Staphylococcus aureus is approximately lpum in diameter, non motile,
nonsporing, and non capsulated. However, they contain a microcapsule, which
can be visualized by electron microscope only but not light microscope (parija
2013). S. aureus can usually grow in basic media like nutrient agar within the
temperature range of 12-44°C. The optimum temperature and pH for the
growth is 37°C and 7.5 respectively.

S. aureus can produce round, convex, smooth, opaque colonies having
diameter of 1-3mm in nutrient agar at aerobic incubation of 37°C for 24 hours.
Most strain produce golden yellow pigment. Some strain may produce orange
or yellow pigment and a few are non-pigment producer. Pigment production is
best seen when the cultures are grown aerobically at 22°C (Chakraborty et al
2005).

On nutrient broth, most strain give moderate to dense turbidity with powdery
deposit at the bottom. No pigmentation is produced in liquid broth (Baired-
parker 1997).



S. aureus show medium to large, slightly raised, smooth, translucent colonies
with yellow pigmentation and show beta-hemolysis in 5% sheep blood agar
(Forbes et al 2002).

S. aureus is able to grow on MSA media with 8-10% sodium chloride
(Ananthanarayan and panikar, 1986). Most bacteria are inhibited on MSA
while S. aureus is tolerant to sodium chloride incorporated into the media and
produce yellow colonies having 1mm diameter, surrounded by yellow medium

due to acid production from mannitol fermentation (Collee et al 1996).
2.3.2 Biochemical Characteristics

S. aureus is coagulase positive that can ferment sugars namely glucose,
lactose, sucrose, lactose and mannitol with the production of acid but no gas.
They are catalase positive, MR/VP test positive and indole test negative. The
organism can hydrolyze urea, reduces nitrates to nitrites and liquefy gelatin
and produce phosphatase (Parija 2013). Urease and esterase production and
lactose fermentation are variable characters useful in the differentiation of
methicillin resistant strains. It also produces a deoxyribonuclease (DNase) and
thermonuclease, TNase (Forbes et al 2002). Though coagulase test is of
diagnostic value in detecting S. aureus, some other Staphylococcus strains also
give positive coagulase test such as S. intermedius, S. hyicus (Ananthanarayan
and Panikar 1986).

2.4 Virulence factors

The wide range of infections caused by S. aureus is related to a number of
virulence factors that allow it to adhere to surface, invade or avoid the immune

system, and cause harmful toxic effects to the host (Bien et al 2013).

2.4.1 Cell-associated polymers
2.4.1.1 Capsule

Capsular polysaccharide surrounding the cell wall inhibits opsonization
(Kumar 2012).



2.4.1.2 Peptidoglycan

The cell wall polysaccharide peptidoglycan confers rigidity and structural
integrity to the bacterial cell. It gives rigidity to the cell and represents 50% of
cell wall weight. The peptidoglycan can stimulate macrophages to produce
cytokines and can activate the complement and induces release of
inflammatory cytokines (Chakraborty et al 2005).

2.4.1.3 Teichoic acid

Teichoic acid, an antigenic component of the cell wall facilitates adhesion of
the cocci to the host cell surface and protects them from complement-mediated
opsonisation (Kumar 2012). It mediates adherence of Staphylococci to
mucosal cell (Parija 2013).

2.4.2 Cell Surface Proteins
2.4.2.1 Protein A

Protein A is a surface protein covalently bound to the peptidoglycan layer and
found in more than 90% of S. aureus strains. It is absent in both Coagulase
negative Staphylococci (CNS) and Micrococci. Protein A has many biological
properties including chemotactic, anticomplementary and antiphagocytic and
also induce platelet damage and hypersensitivity. It binds to the Fc portion of
the 1gG molecules except 1gG3, leaving the Fab region free to combine with
its specific antigen. When suspension of such sensitized cells is treated with
homologousb (test) antigen, the antigen combines with free Fab sites of 1gG
attached to Staphylococcal cells. This is knows as Co-agglutination has many
applications in immunochemical and cell-surface structural studies

(Ananthanarayan and Panikar 1986).
2.4.2.2Fibrinonectin-binding protein
It promotes adhesion of staphylococci to mucosal cells and tissue matrices

(Mongodin et al 2002).

2.4.2.3 Clumping Factor (Bound Coagulase)



It is a surface associated protein also known as bound coagulase, which reacts
with fibrinogen (Ananthanarayan and Panikar 1986). This clumping factor
directly reacts with plasma, converts it to insoluble fibrin, causing the

Staphylococci to clump or aggregate (Kumar 2012).

2.4.3 Super-antigen exotoxins
2.4.3.1 Enterotoxins

There are six antigenic types of enterotoxins (named SE-A, B, C, D, E and G).
Enterotoxins cause diarrhea and vomiting when ingested and is responsible for
staphylococcal food poisoning. These toxic proteins are relatively heat stable
and resisting 100°C for several minutes (Chakraborty et al 2005).

2.4.3.2 Toxic shock syndrome toxin (TSST)

TSST-1 is expressed systemically and is the cause of toxic shock syndrome.
Both enterotoxins and TSST-1 are the superantigens. Superantigens stimulate
T cells non-specifically without normal antigenic recognition. IL-1, IL-2 and
tumor necrosis factor (TNF) are released in large amounts, causing the
symptoms of TSS (Ananthanarayan and Panikar 1986).

2.4.3.3 Exofoliatin (Exfoliative toxin)

The exfoliatin toxin, associated with scalded skin syndrome, causes separation
within the epidermis, between the living layers and the superficial dead layers
(Chakraborty et al 2005).

2.4.4 Membrane-damaging toxins that lyse eukaryotic cell membranes

2.4.4.1 Alpha toxin (alpha-hemolysin)

It is most potent membrane-damaging toxin of S. aureus. It has lethal effects
on a wide variety of cell types. Alpha toxin is also called alpha-hemolysin
because it can lyse red blood cells.

Some strains of S. aureus also produce other toxins- beta toxin, gamma toxin,
delta toxin. These toxins can damage membranes of cells other than red cells
and may well have a role similar to alpha toxin (Salyers et al 2002).
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2.4.4.2 Leukocidin

Leukocidin is a multicomponent protein toxin produced as separate
components which at together to damage membranes. Leukocidinsinclude
alpha-lysin, pantop-valentine-leukocidin (PV-leukocidin) and leukolysin
(Parija 2013).

2.4.5 Extracellular enzymes

Staphylococcus aureus produce numerous extracellular enzymes including
coagulase, hyaluronidase, lipase, staphylokinase, deoxyribonuclease, and
phosphatase (Parija 2013).

2.4.5.1 Hyaluronidase

This enzyme acts mainly on the hyaluronic acid and breaks down the
connective tissue of host, which helps the organism to spread from the
localized part to surrounding tissues. It is also called spreading factor
(Chakraborty et al 2005).

2.4.5.2 Staphylokinase

Many strains of S. aureus express a plasminogen activator called
staphylokinase. This factor lyses fibrin, hence, also called fibrinolysin. As it
forms a complex and causes dissolution of fibrin clots by its proteolytic
activity, it serves as a spreading factor (Chakraborty et al 2005).

2.4.5.3 Lipase

This enzyme degrades lipid of the skin tissues which helps them in its spread.
Lipase degradation facilitates S. aureus to colonize the sebaceous glands
(Chakraborty et al 2005).

2.4.5.4 Deoxyribonuclease

This enzyme degradeshosts DNA (Parija 2013).
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2.4.5.5 Coagulase

Coagulase is an enzyme that acts along with aﬁcoagulase reacting factor (CRF)
present in plasma, binding to prothrombin and converting fibrinogen to fibrin.
It is of two types; free coagulase and bound coagulase. About 97% of S.
aureus produce both forms of coagulase (Maranan et al 1997; Langone 1982).

2.4.5.6 Phosphatase

This enzyme breaks down phospholipid of the host cell (Chakraborty et al
2005).

2.5 Staphylococcal Diseases

Staphylococcal infections are the most common bacterial infection that range
from the trivial to the fatal. Staphylococcal infections are characteristically
localized pyogenic lesion, in contrast to the spreading nature of streptococcal
infections. Staphylococcus aureus causes diseases through the direct invasion
and destruction of tissue or through the production of several toxins (Bailey
and Scotts et al 2007).

2.5.1 Cutaneous infections

Staphylococcal infections cause a variety of cutaneous infections including

impetigo, cellulites, wound infections, and abscesses (Lwatsuki et al 2006).
2.5.1.1 Impetigo

This contagious infection usually occurs on the face, especially around the
mouth. Impetigo presents in 2 basic forms; simple or crusted lesions are
formed when vesicles develop, burst and discharge copious amount of senous
fluid. This forms the characteristic “honey coloredstuck-on crusts’ (Bailey and
Scotts et al 2007).

2.5.1.2 Cellulitis
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This is a deeper infection of the cells. It may first appear as a red, swollen area
that feels hot and tender to the touch (Bailey and Scotts et al 2007).

2.5.1.3Wound infections

Any skin wound that can be infected with Staphyloccus aureus, resulting in an
abscess, cellulitis or both. When a sutured post-surgical wound becomes
infected, it must be reported and treated (Bailey and Scotts et al 2007).

2.5.1.4 Abscesses

This can occur in any organ when the organism circulates in the bloodstream.
These are usually called metastatic abscesses because they occur by the spread
of bacteria from original site (Bailey and Scotts et al 2007).

2.5.2 Deep infections

These infections include osteoyelitis, arthritis, pneumonia, septicemia,
meningitis, endocarditis, breast abscess, renal abscesses and abscesses in other
organs (Bailey and Scotts et al 2007).

2.5.2.1 Osteoyelitis

This bone infection particularly occurs in children. The infection is usually
due to hematogenous spread of organism, presenting locally with warm,
swollen tissue over the bone and with systematic fever and shakes (Oryanetal
2014).

2.5.2.2 Pneumonia

Staphylococcus aureus is rare but severe cause of community acquired
bacterial. Pneumonia is more common In hospitalized patients (Strohlb et al
2002). Community-acquired staphylococcal pneumonia is usually seen in
patients that are recovering from respiratory infection especially by influenza
virus. The violent, destructive, necrotizing pneumonia frequently causes

effusions and ermphysema. In community, pneumonia cases primarily

13



occurred in children, but older age groups may also be affected (Francis et al
2005).

2.5.2.3 Septic arthritis

Invasion of the synovial membrane by Staphylococcus aureus resulting in
joint inflammation. Symptoms typically include redness, fever, weakness,
heat, headache and pain in a single joint associated with a decreased ability to
move the joint. Onset is usually rapid (Horowitz et al 2011).

2.5.2.4 Acute Endocarditis

S. aureus typically causes acute endocarditis with damage to cardiac valves
with the sudden onset of high fever, chills and myalgia, embolisation of
vegetation to extracardiac sites and progresses to death within weeks if left
untreated (Mohiyiddeen et al 2008).

2.5.2.5 Meningitis, Cerebritis and brain abscess

Patient with these disease show symptoms like high fever, severe headache,

stiff neck, come and focal neurological signs (Levinson and Jawetz 1996).
2.5.2.6 Septicemia

It can be originated from any localized lesion, especially wound infection or as
a result of intravenous drug abuse (Parija 2013).

2.5.3 Toxin-Mediated Diseases

2.5.3.1 Food Poisoning

Staphylococcal food poisoning is gastrointestinal illness caused by eating
foods in which Staphylococcus aureus has multiplied and formed enterotoxin,
characterized by a sudden start of nausea, vomiting, stomach cramps and
diarrhea. The types of fish, meat, milk and milk products. The illness is
usually self-limited, with recovery in a day or so. The illness is rarely fatal
(Hennekinne et al 2012).

2.5.3.2 Toxic Shock Syndrome (TSS)
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The toxin responsible for the disease is referred as toxic shock syndrome toxin
(TSST-1). The disease is characterized by syndrome of high fever, confusion,
headache, conjunctival reddening, subcutaneous oedema, vomiting and
diarrhoea, and profound hypotensive shock in children and adults (Davis et al
1980). A strong association is found with the use of highly absorbent
intravaginal tampons during menstruation, especially when these are used

continuously and changed infrequently (Shands et al 1980).

2.5.3.3 Staphylococcal scalded skin syndrome (SSSS)

It is the cutaneous manifestation of infection with an exfoliatin-producing
strain of Staphylococcus aureus. The disease is characterized by separation of
the superficial layers of the skin by sideways pressure or the formation of
bullae (blisters) as a result of the action of epidermolytic toxins. Scalded skin

syndrome is commonly seen in young children (Kumar 2012).
2.6 Methicillin resistance Staphylococcus aureus

Methicillin resistant Staphylococcus aureus (MRSA) are strains of the
Staphylococcus aureus that are resistant to the action of methicillin and related
beta-lactam antibiotics (e.g. penicillin, oxacillin etc.) (Otto 2012). MRSA
isolates are often multiple-resistant to commonly used antibiotimicrobial
agents including  aminoglycosides,  chloramphenicol, ciprofloxacin,
erythromycin and tetracycline (Greenwood et al 2004; Collier et al 1998; Ali
et al 2007). Methicillin-resistant Staphylococcus aureus (MRSA) was first
emerged as nosocomial pathogens in the early 1960s are of great concern to
public health and highly reported in human clinical samples (Robinson et al
2009).

In recent years, strains of S. aureus have emerged that are resistant to virtually
all antibiotics except Vancomycin. These have been called methicillin resistant
Staphylococcus aureus (MRSA) strains, but the description “multiple resistant
S. aureus” strains would be more appropriate because many MRSA strains are
also resistant to macrolids, tetracycline, lineosamides, fluroquinolones, and

aminoglycosides. Resistance to trimethoprim/sulfomethoxazole is also is also
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becoming common in MRSA strains. In some hospitals, nearly 90% of S.
aureus isolates are MRSA (Kaur et al 2015).

Methicillin resistant Staphylococcus aureus strains are not only a problem in
hospital as distinct strains have emerged in community too. CA-MRSA strains
have spread in community settings and have also entered healthcare facilities.
Healthcare workers who are at interface between the hospital and the
community may serve as agents of cross contamination of Hospital acquired
MRSA (HA-MRSA) and Community acquired MRSA (CA-MRSA) (Khanal
et al 2015).

2.7 Classification of MRSA

Taxonomy Name

Domain: Bacteria

Kingdom: Eubacteria

Phylum: Firmicutes

Class: Baccilli

Order: Bacillales

Family: Staphylococcaceae

Genus: Staphylococcus

Species: Staphylococcus aureus

Subspecies: Methicillin-resistant staphylococcus aureus

(Source: Bergey's Manual of Determinative Bacterioloby, 1939)

2.8Types of MRSA

2.8.1 Community acquired MRSA (CA-MRSA), and
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2.8.2 Hospital acquired MRSA (HA-MRSA).

2.8.1 Community acquired MRSA (CA-MRSA)

CA-MRSA is acquired by persons who have not been recently (within
the past year) hospitalized nor had a medical procedure (such as dialysis,
surgery, catheters). These infections manifest usually as skin infections, such
as pimples and boils and occur in otherwise healthy people (Buckingham et al
2004). About 75 percent of CA-MRSA infections are localized to skin and soft
tissue and usually can be treated effectively. However, CA-MRSA strains
display enhanced virulence, spread more rapidly and cause more severe illness
than traditional HA-MRSA infections, and can affect vital organs leading to
widespread infection (sepsis), toxic shock syndrome and pneumonia (Parija
2013).

Community-associated methicillin-resistant Staphylococcus aureus has
become an important threat to public health (Huh and Chung 2016). The
growing number of community acquired infections caused by methicillin-
resistant Staphylococcus aureus in children and healthy adult is a major
problem (Rocha et al 2017). Outbreaks of community acquired MRSA
infection are extremely rare (Borer et al 2002).

2.8.2 Hospital acquired MRSA (HA-MRSA)

Hospital-acquired MRSA (HA-MRSA) infection is acquired by persons
admitted to hospitals for more than 48 hours or those have medical history of
MRSA infections or colonization during previous admission. Common sites of
HA-MRSA are surgical wound infections, urinary tract infections, and
pneumonia. A number of factors have been found to associated with a higher
risk for nosocomial acquisition of MRSA includes prolonged hospitalization,
prolonged antimicrobial therapy using broad spectrum antibiotics, care in an
intensive care unit, surgical procedures, having a surgical wound and
intravenous (V) line, severe underlying illness and close proximity to other ill
patients who infected or colonized with MRSA (Boyce et al 2005).
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In case of HA-MRSA, patients who already have an MRSA infection or
patients as well as employee who carry the bacteria on their bodies but do not
have symptoms (are colonized) are the most common sources of transmission
(Tambic et al 1997). The main mode of transmission to other patients is
through human hands, especially healthcare workers’ hands. Hands may
become contaminated with MRSA bacteria by contact with infected or
colonized patients (Armin 2007).

2.9 Source and transmission of MRSA

MRSA is primarily transmitted from person to person by direct contact,
usually from hand to hand of an infected or colonized individual. It can also
be transmitted by sharing towels, cloths, athletic equipment, personal hygiene

items, and public used bath and used equipment (Bassim et al 2005).

Droplet infection is another type of transmission which causes pneumonia and
in such a case; the patient is infectious through droplet infections to the
surrounding patients and health care workers. MRSA can colonize the skin,
nose, blood, urine and throat (Bradley 2015).

2.10 Cell wall structure and molecular basis of methicillin

resistance Staphylococcus aureus

The Staphylococcal cell is surrounded by peptidoglycan, that is composed of a
series of short glycan chains of approximately 20 alternating N-acetylmuramic
acid and beta-1, 4-N-acetylglucosamine residues. Attached to each N-
acetylmuramic acid residue is a pentapeptide chain referred to as the stem
peptide. The glycan chains in peptidoglycan are linked together via the last
glycine residue of a pentaglycine cross-bridge attached to the L-lysine residue
(position 3) on one stem peptide and the D-Ala residue (position 4) an another
((Rao 2009). Pentaglycine cross-bridges are performed in the cytoplasm by the
FemX, FemA and FemB proteins, which attach the glycine residues to the L-
lysine residue of the stem peptides of an adjacent glycan strand. The cross-
linking or transpeptidation reactions take place on the external surface of the

cytoplasmic membrane in a reaction catalyzed by penicillin-binding proteins

18



(PBPs). There are four PBPs in S. aureus, PBP1, PBP2, PBP3, and PBP4
(fuda et al 2005). The transglycosylase and transpeptidase domains are
spatially well separated. Carboxypeptidases, also members of the PBP family,
remove the terminal D-Ala of the peptidoglycan peptide stems. PBPs have two
protein domains, one involved in transpeptidation (cross-linking) the other
involved in transglycosylation (extending the glycan chain). The beta-lactam
antibiotics, which resemble the terminal D-alanyl-D-alanine bond of the stem
peptide, inhibit the transpeptidation domain of PBPs (and carboxypeptidase
activity of low molecular weight PBPs) thus interfering with the cross-linking
reaction. Without cross-linking of the peptidoglycan, the cell wall becomes
mechanically weak, some of the cytoplasmic contents are released and the cell
dies (Koch et al 2003; Waxman et al 1983).

2.11 Prevalence of MRSA

In a study carried out at the Department of Microbiology and Department of
Pathology, Iran, out of 175 strains of S. aureus, 53 were found to be resistant
to methicillin using E-test where as disk diffusion method using oxacillin or
cefoxitin showed 52 strains to be methicillin resistant (Rahbar et al 2006).

In the study carried out at the department of microbiology, B.P. Koirala
Institute of health Science, Dharan, 78 out of 300 strains of S. aureus were
found to be Methicillin using disc diffusion method (Baral et al 2011).

In another study, out of 210 various clinical samples collected and analyzed,
65 were found to be S. aureus and among which again, 19 strains were found
to be methicillin using Kirby bauer disc diffusion method (Thapa et al 2004).

In contest of India, various degree of methicillin resistance strains of S. aureus
has been obtained. In a study, out of 13975 isolates of S. aureus, 5864 were
MRSA and out of 12335 isolates, 5133 were MRSA in 2008 and 2009
respectively (Joshi et al 2013).

In another study done at tertiary care hospital in Agra, North India showed 379
strains to be MRSA from 1163 S. aureus isolates collected handling altogether
11496 different clinical samples (Goyal et al 2013).
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In another study, out of 783 S. aureus strains, 301 showed methicillin resistant
and among which again, 217 strains were found to be multidrug- resistance
(Tiwari et al 2008)

In the study carried out at the clinical microbiology lab of KMC Teaching
Hospital, 29 out of 111strains of S. aureus were found to be MRSA. Out of 29
MRSA isolates, 22 were found to be MDR strains (Pandey et al 2012).

2.12 Treatment

Most pB-lactam antibiotics are ineffective against HA-MRSA. linezolid,
tetracycline, trimethoprim-sulfamethoxazole, or Vancomycin exhibit an

excellent anti staphylococcal activity.

Currently, the number of effective antibiotics used to treat MRSA infectios is
dwinding. Treatment options can vary depending on the types of infection and
other patient factor. Overall, the standard antibiotic used to treat MRSA
infection is vancomycin (Gould et al 2012).

2.13 Multi-Drug Resistance

Multi drug resistance bacteria are those, which shows resistance to two or
more classes of antimicrobial agents (CDC 2006). Multi-drug resistance is
defined as resistance to at least two antibiotics of different classes including
aminoglycosides, chloramphenicol, tetracyclines, and/or erythromycin
(Pandey et al 2012).

Multi-drug resistance to antibiotics represents a global health challenge that
resulting increase  morbidity and  mortility.  methicillin-resistant
Staphylococcus aureus (MRSA) are problematic because they apart from their
SCCmec genotype often carry resistance determinants to other important
antibiotics for treatment of Staphylococcus aureus infections (Dosler et al
2011). Methicillin resistance Staphylococcus aureus is resistant not only to
methicillin (which was developed to fight against penicillinase-producing S.

aureus) but usually also to aminoglycosides, macrolides, tetracycline,
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chloramphenicol, and lincosamides (lencastre et al 2007).For these reasons
Treatment of methicillin resistance Staphylococcus aureus infections usually
include treatment with glycopeptides antibiotics (vancomycin) and
oxazolidinones such as linezolid. Vancomyecin resistance was first reported in
enterococci in 1988 and the First vancomycin resistance Staphylococcus
aureus (VRSA) was characterised in 2002 (Weigel et al 2007).

Multidrug resistance in bacteria may be generated by one of two mechanisms.
First, these bacteria may accumulate multiple genes, each coding for resistance
to a single drug, within a single cell. This accumulation occurs typically on
resistance (R) plasmids. Second, multidrug resistance may also occur by the
increased expression of genes that code for multidrug efflux pumps, extruding
a wide range of drugs (Nikaido 2009).

2.14 D test

Erythromycin and Clindamycin represent two distinct classes of antimicrobial
agents that act by binding to the 50s ribosomal subunit of bacteria to inhibit its
protein synthesis. Erythromycin resistance in Staphylococcus aureus is by
diverse mechanisms. The resistance to macrolide can aries by efflux
mechanism, classically mediated by msrA gene or via erm gene encoding for
streptogramin  (MLSB resistance) (Laclercq 2002)). This resistance
mechanism can be constitutive, where rRNA methylase is always produced
(cMLSg ) or can be inducible where methylase is produced only in the
presence of an inducing agent (iMLSg). Strains with inducible resistance to
clindamycin are difficult to detect in the routine laboratory as they appear
erythromycin-resistant and clindamycin sensitive in vitro when not placed
adjacent to each other. In vitro Staphylococcus aureus isolates with
constitutive resistance are resistant to both erythromycin and clindamycin
(Drinkovic et al 2001; Deotale et al 2010). D-test is a simple disc diffusion test
which is used to study the macrolide lincosamide streptogramin resistance
(MLSB), both constitutive and inducible as well as macrolide streptogramin
resistance (MSB) in Staphylococcus aureus (Shrestha and Rana 2014).
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In the study conducted by Sah et al (2015) reported the prevalence of
inducible and constitutive clindamycin resistance was found 12.1% and 7.9%
respectively. Govindan et al (2014) found 11.6% Staphylococcus aureus
strains were showing inducible clindamycin resistance and other 88.4% strains
were not showing positive D test. In North india, Gupta et al (2009) reported a
higher percentage of inducible and constitutive clindamycin resistance in
MRSA (20% and 46%) compared to MSSA (17.3% and 10%) respectively.
Azap et al (2005) in Turkey reported higher inducible clindamycin resistance
in MRSA (5.7%) than MSSA (3.6%) respectively.
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Materials

A complete list of materials, equipment, media, chemicals, reagents and
antibiotics used in this study are listed in Appendices IV.

3.2 Methods

A cross-sectional study was carried out from September to December 2018 at
IFCH, Kathmandu, Nepal, in which 227 Staphylococcus aureus isolated from
961 various clinical specimens. The antibiotic sensitivity test was done by
using Kirby-Bauer disc diffusion method and the prevalence of MRSA was

found using cefoxitin disc.

3.2.1 Sample collection

Most of the clinical samples such as pus/swab from wound, throat as well as
blood were collected aseptically by experienced medical officers, nurses or
laboratory technicians. 1ml (neonates) and 5ml (children) of blood was
collected and it was inoculated into Brain Heart Infusion (BHI) broth at the
ratio of 1:10 (blood: broth). Urine was collected by the patients themselves.

All the samples were labeled appropriately with patient’s identification
number. The samples were processed immediately as soon as possible. In case
of delay, they were stored at the refrigerated temperature.

3.2.2 Sample processing

The Staphylococcus aureus isolates were identified based on Cheesbrough
2012. After receiving and labeling the samples, the specimens were processed
(i.e., Gram staining for microscopic observation and microbial culture) in the
microbiology laboratory within 2 hour of the collection. Blood specimens
were transferred aseptically in BACTEC™ blood bottles. All the bottles were
incubated at 37°C in the BACTEC™ system for three consecutive days.
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During the incubation periods, any bottles detected as positive by the
BACTEC™ system were removed and only positive sample blood were sub
cultured on blood agar and incubated at 37°C for 24 hours. Samples such as
pus/wound swab, urine were inoculated directly into blood agar and incubated
at 37°C for 24 hours. The growth obtained in BA plates were further cultured
into Mannitol Salt Agar (MSA). Colonies formed in MSA were picked and
processed for Gram staining. Only cocci were processed for the identification
of S. aureus. For conformational identification of S. aureus, catalase test,

coagulase (slide and tube) test were performed.
3.2.3 Bacteriological identification of S. aureus

S. aureus colonies were identified and confirmed on the basis of colony
morphology and gram's staining and biochemical properties like catalase
production test and coagulase production test by slide and tube methods. The
colonies with golden yellow pigmentation on mannitol salt agar and p-
hemolytic on blood agar; Gram-positive cocci in grape-like cluster in Gram
staining and catalase and coagulase tests positive were identified as S. aureus
(Forbes et al 2007).

The procedures for Gram's staining, Catalase test, Coagulase test for the the
confirmatory identification of Staphylococcus aureus are listed in Appendices
VII.

3.2.4Antibiotic susceptibility testing

All identified S. aureus isolates from different clinical samples were subjected
to in-vitro antibiotic susceptibility test by Kirby-Bauer disc diffusion method
as recommended by CLSI guidelines (2012). Fresh colonies were selected and
transferred into NB to obtain turbidity equivalent to 0.5 Mcfarland barium
sulfate standards (1.5x108CFU/ml). MHA plates were inoculated with sterile
cotton swabs then antibiotics were placed with sterile forceps and allowed to
stand at room temperature for 15 minutes for pre-diffusion then incubated at
37°C for 16-18 hours. The zone of inhibition was interpreted as susceptible,
intermediate and resistant according to CLSI "Diffusion Supplemental Table".

The antibiotics used in this study were amikacin (30ug), cefoxitin (30ug),
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ciprofloxacin (5ug), chloramphenicol (30ug), co-trimoxazole (25ug),
clindamycin (2ug), erythromycin (15pg), gentamicin (10ug), meropenem
(10pg), tetracycline (30ug), vancomycin (30ug), nitrofurantoin (300ug) and
erythromycin (15ug), clindamycin (2pg) discs (Hi-media-India) at 15mm apart
were also used on same plate for the detection of inducible clindamycin
resistance as per CLSI guidelines. Isolates resistant to three or more classes of

antibiotics were considered MDR (Nair et al. 2013).
Clindamycin resistance was detected as:

1. Inducible resistance phenotypes (iMLSg): Staphylococcal isolate
showing resistance to erythromycin (zone size <13 mm) while being
sensitive to clindamycin (zone size >21 mm) and giving D-shaped
zone.

2. Constitutive resistance phenotypes (cMLSg): this phenotype was
labeled for those Staphylococcal isolates, which showed resistant to

both erythromycin and clindamycin

3. MS phenotype: Staphylococcal isolate exhibiting resistance to
erythromycin (zone size <13 mm) while sensitive to clindamycin (zone
size¢ >21 mm) and giving circular zone of inhibition around

clindamycin was labeled as having this phenotype.

The standard zone size at which the organism is considered resistant,
intermediate or susceptible is given in the zone-size interpretative chart
(Appendix-VI1I).

3.2.5 Quality control for test

Quality control for all the tests is the most important factor for the data to be
reliable. Hence, the quality control was maintained throughout this study.

To maintain quality control of chemical reagents, antibiotics and media, they
were prepared and stored as per instructions provided by the respective
companies. Similarly, antibiotics were also stored as recommended by the
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manufacturing company. Antibiotic discs were stored at refrigerator

temperature.
3.2.7 Data analysis

All the raw data collected in the microbiology laboratory was documented and
tabulated. The statistical analysis software (SPSS) was used to calculate a p-
value by using Chi-square test. A p-value of less than or equal to 0.05 was

considered to be statistically significant (p<0.05)
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Fig: flow chart of isolation and identification of Staphylococcus aureus
from clinical specimens (Cheesbrough 2012)
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CHAPTER IV
RESULTS

4.1 Study population

The study was done in Microbiology Lab of International Friendship
Children’s Hospital; study period was from September to December 2018. Out
of total 961 different clinical samples, 573 (59.62%) samples were from male
and 388 (40.37%) samples were from female.

MALE ®FEMALE

Figure 1: Study population
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4.2 Number of S. aureus isolated from different clinical specimens

Out of 227 S. aureus, highest number of isolates was from pus and wound
swab (72.7%), followed by blood (18.9%) and least number from urine
(8.4%).

Urine, 8.4, 8%

Blood, 18.9,
19%

wab, 72.7, 73%

Figure 2: Percentage of S. aureus isolated from different clinical

specimens
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4.3 Distribution of S. aureus in different age groups and types

of patients.

Out of 961 clinical samples processed, bacterial growth was detected in
418(43.4%) samples only. Among all bacterial isolates, S. aureus were
isolated in 227 samples, comprising 127 (55.9%) isolates from inpatients and
100(44.1%) from outpatients. Among outpatients, 29 strains (12.8%) were
isolated from age group 1 year- below 3 years, which was the highest in
number. Likewise, maximum number of S. aureus strain isolated from
admitted patients was isolated from the age group of 1 year —below 3 years.
The distribution of S. aureus in different age group and types of patients was
statistically insignificant (p=0.308).

Table 1: Distribution of S. aureus in different age groups and types of patients

AGE AGE TYPE OF PATIENTS

RANGES  Outpatient Inpatients Total P-value
No % No % No %

NEONATE | Newbornup 13 5.7 18 7.9 31 137

to first 28

days

INFANT 28 days- 16 7.0 22 9.7 38 16.7

below 1 year

TODDLER | 1year-below 29 128 44 194 73 322

S 3 years

PRESCHO | 3 years- 25 110 18 79 43 189 0.308

oL below 5
years

SCHOOL | 6 years-10 14 62 16 70 30 132
years

ADOLESC | 1lyears- 3 1.3 9 4.0 12 53

ENT 15years

TOTAL 100 44.1 127 55.9 227 100
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4.4 Distribution of S. aureus according to gender of patients

Out of 961 samples taken, 227 were Staphylococcus aureus positive isolates
whereas 142 isolates were obtained from male and 85 isolates were obtained
from female respectively.

160
140
120
100
80
60
40
20
0

142

1

E male =female

Figure 3: Distribution of Staphylococcus aureus according to gender of

patients.
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4.5 Distribution of MRSA in clinical specimens

In this study, higher number of MRSA was isolated from pus/wound swab
samples (86.2%) and least number was from urine samples (4.6%)
respectively. The prevalence of MRSA isolates from blood samples was 9.2%.
However, the association between the MRSA occurence and clinical
specimens was found to be statistically significant (p=0.000).

Table 2: Distribution of MRSA in clinical specimens

Samples MRSA MSSA Total p-value
Pus/wound | 94 86.2% 71 60.2% 165 72.7%
swab

Blood | 10 9.2% 33 28% 43 18.9% 0.000

Urine | 5 46% 14 11.9% 19 8.4%

Total | 109  100% 118  100% 227 100%
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4.6 Distribution of MRSA in different age group and gender

Out of 227 S. aureus isolates, 109 were MRSA positive isolates out of which
62 (56.7%) were from males and 47 (43.1%) were from females. In  this
study, highest percentage of MRSA was found in toddlers’ group (28.4%)
which is followed by infant age group (21.1%) and preschool age group
(19.3%) respectively. The prevelence of MRSA in different age group and
gender was statistically significant (p=0.000).

Table 3: Distribution of MRSA in different age group and gender

P-
AGE MALE FEMALE TOTAL VALU
NO. % NO. % NO. % E
NEONAT | 15 24.2% 0 0.0% 15 13.8%
E

INFANT 18  29.0% S) 10.6 23 21.15
TODDLE 11 17.7% 20 42.6% 31 28.4%

RS 0.000

PRESCHO | 12  19.4% 9 19.1% 21 19.3%
oL

SCHOOL 5 8% 8 17.0% 13 11.9%

ADOLES 1 1.6% 5 10.6% 6 5.5%
CENT

TOTAL 62 100% 47  100% 109 100%
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4.7 Ward- wise distribution of MRSA

The cefoxitin disc diffusion test showed that out of 227 S. aureus isolates, 109
(48%) and 118 (52%) were identified as MRSA and MSSA respectively.
Moreover, we found that among these 47 (43.1%) and 53 (44.9%) of MRSA
and MSSA respectively, were isolated from outpatients. The analysis further
showed that the incidence of MRSA and MSSA isolations (56.9%) and
(55.1%), respectively, were slightly higher in inpatient than in outpatient
samples. However, the association between the MRSA occurrence and
inpatients was found statistically insignificant (p = 0.783). These data clearly
show that frequency of MRSA in inpatients is higher compared with
outpatient.

Table 4: Ward- wise distribution of MRSA and MSSA

Methicillin Outpatients Inpatients Total P-Value
Susceptibility
MRSA 47 (43.1%) 62 (56.9%) 109
(100%)
MSSA 53 (44.9%) 65 (55.1%) 118 0.785
(100%)
TOTAL 100 (44.1%) 127 (55.9%) 227
(100%)
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4.8 Antibiogram of S. aureus

All the total 227 strains of S. aureus isolated were tested with specific
antibiotics by using Kirby Bauer disc diffusion method. Antibiotic resistance
pattern of those 227 S. aureus strains showed that the highest number of
isolates was resistant to erythromycin (62.6%) followed by co-trimoxazole
(49.8%). Likewise, highest number of strains was susceptible to
chloramphenicol (78.4%), followed by meropenem (76.2%) and clindamycin
(74%).
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Fig 4: Antibiotic susceptibility pattern of Staphylococcus aureus
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4.8.1 Antibiogram of methicillin-resistant Staphylococcus

aureus and methicillin sensitive Staphylococcus aureus

The antimicrobial resistance (AMR) patterns of MRSA and MSSA isolates
against antimicrobial agents are summarized in Table 4.5. More than 25% of
MRSA isolates were resistant to erythromycin (71.6%), ciprofloxacin (59.6%),
cotrimoxazole (56.9%), gentamycin (47.7%), tetracycline (45%), clindamycin
(34.9%) and meropenem (32.1%). While MSSA isolates showed resistance
against erythromycin (54.2%). The rest of the antibiotic showed less than 50%
resistance toward the isolated MSSA. All the organisms were sensitive to

Vancomycin.

Table 5: Antibiogram of methicillin-resistant Staphylococcus aureus and
methicillin sensitive Staphylococcus aureus

P-

Antibiotics MRSA MSSA Value
Sensitive Resistant | Sensitive | Resistant
No % | No. % | No. % | No %

Amikacin 88| 80 21| 193] 72| 61| 46 39| 0.001

Chloramphenico | 86 | 78.9 23| 21.1| 92| 78| 26 22 | 0.864
I

Cefoxitin 0 0| 109| 100 | 118 | 100| O 0 | 0.000
Ciprofloxacin 44 | 40.4 65| 59.6| 90|76.3| 28| 23.7 | 0.000
Clindamycin 71| 65.1 38| 349| 97822 21| 17.8| 0.003
Cotrimoxazole 47 | 43.1 62| 56.9| 67 |56.8| 51| 43.2| 0.040
Erythromycin 311|284 78| 716 | 54458 | 64| 54.2 | 0.007
Gentamicin 57 | 52.3 52| 47.7| 78 |66.1| 40| 33.9| 0.034
Meropenem 74 | 67.9 35| 321 99|839| 19| 16.1| 0.005
Nitrofuratoine 3| 75 1 25 8| 80| 2 20 | 0.837
Tetracycline 60| 55 49 45| 821695 | 36| 30.5| 0.025

Vancomycin 109 | 100 0| 0.0 118 0 O 0 -
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4.8.2 Multidrug resistant of S. aureus (MDR)

82 (75.2%) MRSA isolates were found to be MDR strains. Only 21 (17.6%)
among 118 MSSA strains were MDR strains.

140

118

120 109

S.aureus
isolates =0

60
40

20

MRSA MSSA

HTOTAL ®EMDR

Fig 5: Multidrug resistant of S. aureus
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4.9 Inducible clindamycin resistance

Among 227 S. aureus isolates, inducible macrolide-lincosamide-streptogramin
B (MLSs) resistance, constitutive MLSg and MSg was found thirthy three,
fifty-nine, fifty respectively. Of the 109 MRSA isolates, 20.2% (n =22/109)
had inducible MLSg resistance. Constitutive MLSg was observed in 34.9%
(n=38/109) of MRSA isolates. Both iMLSg and :MLSg phenotypes
predominated in MRSA strains ( p value = 0.004)

Table 6: Inducible clindamycin resistance

Phenotype  Erythro Clindam D-test MRSA MSSA P-
mycin ycin valu
e
iMLSg R S +ve 22 202% 11 9.3% 0.00
4
cMLSg R R -ve 38 349% 21 17.8%
MS R S - 18 165% 32 27.1%
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CHAPTER V

DISCUSSION

Staphylococcus aureus is one of the most common pathogens isolated in most
microbiology laboratories (Ansari et al 2014). It remains as the normal flora
on different parts of the body of human beings throughout the life but may
cause a variety of diseases ranging from benign local skin infections such as
folliculitis, pustules, boils, carbuncules, impetigos and infections of wound to
the life-threatening diseases like pneumonia, meningitis, osteomyelitis,
endocarditis and bacteraemia in immunocompromised patients. It may cause
several toxin mediated infections and diseases such as food poisoning, skin
scalded syndrome, and toxic shock syndrome (Forbes et al 2007). S. aureus is
one of the common hospitals acquired organisms which accounts for the most
of the infections (Sah et al 2013).

MRSA is an important group of multi drug resistant organisms which are
responsible for increasing the rate of morbidity and mortality (Wolk et al
2009). S. aureus infections are a significant clinical problem in medical
practice as they show resistance to the commonly used first line drugs. In this
study, the occurrence of S. aureus was studied among the pediatric patients
visiting IFCH, using various types of sample. All the samples with clinically
detected S. aureus may serve as a reservoir of MRSA, which may transmit the
infection in a community. Thus, there is a chance of a rapid increase in the

development of community-acquired MRSA infection.

In the present study, 227(43.8%) S. aureus isolates were found out of 518
culture positive samples. In most of the study, the frequency of infection
caused by S. aureus reaches the peak. The results are similar to those reported
by Regmi et al (2020), with growth positivity of 33.8%. Kumari et al (2008),
in their report, have mentioned that out of total 98-gram positive isolates, S.
aureus occupied 83.67%. Similar results were obtained in a study by Karkee et
al (2008). The results are accordance to those reported by Mukhiya et al
(2012) with growth positivity of 17.4%.
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In our study, highest percentage of S. aureus strains were isolated from
pus/wound swabs 165 (76.7%) followed by blood 43 (18.9%) and urine 19
(8.4%) respectively. Antibiogram of total 227 S. aureus strains showed 48%
(n=109) were methicillin resistant and 118 (52%) were methicillin sensitive S.
aureus by the use of cefoxitin disc test. Highest percentage of MSSA were
isolated from pus/wound swabs (60.1%), followed by blood (28%) and urine
(11.9%) respectively. In a study by Kumari et al (2008) in a tertiary-care
hospital in Eastern Nepal also found the highest number of S. aureus isolates
(64%) from pus and wound swab samples. our findings also correlate with the
findings of Sapkota et al (2006) who reported 53.4% of S. aureus isolates were
from pus swab from wound. Here, the result shows that children are more
prone to S. aureus-associated infection. This might be due to their low
immunity or high chances of contact with an infectious agent. Our findings
also show that S. aureus is a major cause of pyogenic infections. The skin and
soft tissue (SST) was the most common site for the infection, likely because
this bacterium normally inhabits the skin. Baral et al (2011) also found the
higher percentage of S. aureus isolate from pus (74%) followed by blood
(14%) and urine (2.66%). Likewise,

In context to S. aureus isolates, in overall, the highest positivity of 32.2%
(73/227) was observed in the age group of 1 year-below 3years followed by
18.9% in the age group of 3 years —below 5 years and 16.7% was observed in
age group of 28 days- below 1 years respectively. Lowest positivity of 5.3%
was observed in age group of 11-15 years. The prevalence of S. aureus among
different age group was not statistically significant, p=0.308.

In our study, higher prevalence of S. aureus was isolated from male 142 than
in female 85. The prevalence of S. aureus in two gender was not found

statistically significant, p=0.090.

In our study, when comparing the number and percentages of S. aureus in the
Inpatient Department and Outpatient Department, the rate of S. aureus was
higher in inpatients (55.9%) compared with outpatients (44.1%). Our result is
in accordance with Baral et al (2011) in Nepal. They also reported the higher

prevalence of S. aureus (75%) among the inpatient setting as compared with
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(23%) in outpatients. Likewise, if we look at the distribution of MRSA isolates
in different types of our patients, we found them to be 62 (27.31%) inpatients
and 47 (20.70%) outpatients out of a total 109. Sanjana et al (2010) also
reported the higher prevalence of MRSA among the inpatient setting,
accounting for 86 (62.3%) as compared with 52 (37.7%) in outpatients. This
higher occurrence of MRSA among inpatients could be due to various hospital
associated risk factors such as prolonged hospital stay, hospital environment,
antibiotic ~ treatment,  underlying  immune-compromised  condition,
instrumentation and other invasive procedure, which predispose patients to
MRSA acquisition. Our report indicates high prevalence of MRSA among
inpatients compared to out-patients which contrasts with findings of Khanal et
al (2013) who reported higher incidence of S. aureus infection in the
outpatients’ patients as compared to inpatients. The prevalence of MRSA in
inpatients and outpatients was not statistically significant, p=0.783.

In this study out of 109 MRSA, majority of them (86.2%) were isolated from
pus/wound swabs followed by blood (9.2%) and urine (4.6%) respectively. our
finding is also in agreement with the reports by Saikia et al (2009) and Goyal
et al (2002) from India, who found 46.67% and 66.03% MRSA from pus and
wound swab respectively. The prevalence of MRSA among different clinical
sample was statistically significant, p=0.000.

In our study higher frequency of MRSA was isolated from males than in
females, 62 (56.77%) from males and 47(43.11%) were from females. The
present study showed the opposite variation with the study conducted by Lama
et al. (2018) showed female patients (44.8%) were more predisposed than
males (40.3%). Study conducted by Boucher and Corey (2008) showed high
incidence of MRSA from males (64.4%) and females (35.6%). Prevalence of
MRSA in male was higher than in female according to previous study done by
Khanal et al 2010. Hence, higher prevalence of MRSA was seen in males as

compared with females.

In male, prevalence of MRSA was highest with 18 (29%) in age group 28
days-below 1 years followed by 15 (24.2%) from new born upto first 28 days.

In female, the prevalence of MRSA was highest in the age group of 1-below 3
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years of age with 20 (42.6%) positive samples. However, the prevalence of
MRSA among different age group and gender was statistically significant,
p=0.000.

The present study reports the MRSA prevalence rate of 48%, which was
similar with the findings by Rajbhandari et al 54.9% MRSA isolates at Bir
Hospital. The prevalence of MRSA in Nepal ranges from 39% to 69%
(Kumari et al 2008: Rijal et al 2008; Tiwari et al 2009; Khanal et al 2010;
Mukhiya et al 2012) which shows similar result to our study. Lower
prevalence was also reported by Subedi and Brahmadathan (15.4%) and Baral
et al (26%). The difference in rates of isolation of MRSA in different studies
might be due to different detection method, difference in hygienic conditions
maintained in different hospitals, healthcare facilities, efficacy of infection
control practices and antibiotic usage that vary from hospital to hospital
(Kshetry et al 2016; Baral et al 2011).

In this study, Among 227 S. aureus isolates, inducible macrolide-lincosamide-
streptogramin B (MLSg) resistance, constitutive MLSg, and MSg was found
thirty three, fifty-nine, fifty respectively. Of the 109 MRSA isolates, 20.2%
(n =22/109) had inducible MLSg resistance. Constitutive MLSg was observed
in 34.9% (n = 38/109) of MRSA isolates. In this study, both the percentage of
inducible and constitutive clindamycin resistance were significantly higher in
MRSA (20.2% and 34.9%) than MSSA (9.3% and 17.8%) respectively
(p=0.000). The result of the present study correlates with the finding of the
study conducted by Ansari et al (2014) where an inducible clindamycin
resistance was observed in 12.4% of the isolates. The finding of this study was
higher than Adhikari et al (2017) where the inducible clindamycin resistance
was found in 10% of S. aureus isolates. Gadepalli et al (2006) found that
constitutive resistance is significantly higher than inducible resistance in both
MRSA and MSSA. In MRSA constitutive and inducible resistance was 38%
and 30% whereas in MSSA constitutive and inducible resistance was 15% and
10% respectively. Clindamycin, one of the drugs of choice for some
Staphylococcal infections, particularly skin and soft tissue infections and as an
alternative in penicillin-allergic patients (Drinkovic et al 2001).
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As use of clindamycin for treatment of Staphylococcal infection may result in
treatment failure, clindamycin should not be used for treatment of such
infection; rather it should be used only for treatment of the infections caused
by bacteria which are negative for inducible resistance (D-test positive) and it
has been suggested that inducible clindamycin resistant strains should be
reported as clindamycin resistant (Prabhu et al 2011; CLSI 2013). Avoiding
the use of clindamycin for the treatment of infections caused by erythromycin
resistant strains also omits the chance of treatment failure (Fiebelkorn et al
2003).

Over the course of time, S. aureus has developed resistance to different,
conventionally used antibiotics. All the MRSA isolates were resistant to more
antibiotics as compared with MSSA isolates. Significant difference (P-value
<0.05) was observed in case of amikacin, cefoxitin, ciprofloxacin,
clindamycin, co-trimoxazole, erythromycin, gentamicin, meropenem and
tetracycline. However, the difference observed in case of chloramphenicol and

nitrofuratoin was statistically insignificant (P-value > 0.05).

Antimicrobials such as chloramphenicol and Meropenem with resistance less
than 25% could be used against of Staphylococcal infection. This study
showed S. aureus were 100% sensitive towards Vancomycin same results
were reported by Boncompion et al (2017) in Argentina and Khanal et al
(2015) in Western Nepal and Khatri et al (2017). However, Vancomycin-
intermediate and Vancomycin-resistant S. aureus (VISA and VRSA) strains
have been reported from various part of the world (Menezes et al 2008; Tiwari
et al 2006).

MRSA strains were more resistant to all antibiotics than MSSA strains except
for vancomycin Because of the resistance of MRSA to all commonly used
antibiotics, it is necessary to test newer group of antibiotics such as
vancomycin and teicoplanin routinely MRSA strains are often multidrug
resistance. Antibiotic susceptibility pattern of Methicillin resistant S. aureus
showed that VVancomycin was 100% sensitive followed by amikacin (80.7%),
chloramphenicol (78.9%), nitrofuratoin (75%), meropenem (67.9%),
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clindamycin (65.1%), tetracycline (55%), and gentamicin (52.3%).

Nitrofuratoin is used only in urine samples.

MRSA isolates revealed high resistance towards erythromycin (71.6%).
Resistance to quinolones (ciprofloxacin) was also high (59.6%) in this study.
In the study reported by Saikia et al (2009), the resistant rate was also high
(87.5%) in Assam but the same study showed a high resistance pattern of
erythromycin (72.7%) and ciprofloxacin (45.4%). Khanal et al (2015) had also
found revealed high MRSA strain resistance towards gentamycin and
erythromycin and low resistance towards ciprofloxacin and all MRSA isolates
were susceptible towards vancomycin. The rapid emergence of ciprofloxacin

IS probably due to the indiscriminate and empirical use of these drugs.

The multi-drug resistant is a particular characteristic of the methicillin-
resistant S. aureus strains. It has added to the burden of hospital personnel to
control infection associated with MDR-MRSA. Present study showed high
rate of MDR strain among MRSA isolates (75.2%). Only 7.6% among 118
MSSA strains were MDR strains. Studies conducted In Nepal, 78% and >
65% of multi drug resistant MRSA strains have been reported in two different
regions by Subedi et al (2005) and Kumari et al (2008) respectively. whereas
in the neighboring country India, the burden of such strains has ranged from
23.2%, to 32%, to 63.6% (Majumder et al 2001; Anupurba et al 2003;
Rajaduraipandi et al 2006). Though these MDR strains are not found with
additional virulence properties, their characteristic multidrug resistance
restricts the options available to treat infections caused by this organism (\VVoss
et al 1995).
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSION

The occurrence of MRSA was found to be 109 (48%) out of a total 227 S.
aureus isolates. The highest numbers of MRSA isolates were found in the
toddler age group and inpatients. Methicillin susceptibility of S. aureus was
found higher in males than females.

From this study, it could be concluded that 75.2% of MRSA strains and 7.6%
of MSSA strains were multi drug resistant (MDR), which is the significant
public health problem in context of Nepal, indicating the high risk of
staphylococcal infections in our context. MRSA shows resistance to
antibiotics except than Vancomycin. These studies clearly indicated about the
appropriate steps to be taken to reduce MRSA and MDR strains in hospital
settings to minimize the staphylococcal infection

The study showed the MRSA occurrence is prevalent in pediatric patients.
This corroborates the findings of previous researchers as discussed. MRSA
infection is still one of the most life-threatening infections in hospitals.
Therefore, regular surveillance of MRSA should be carried out in all hospital
settings. In addition, restriction of the indiscriminate use of such antibiotics
may be an effective strategy to control AMR. We should discourage empirical
therapy practices, instead considering microbiological test report. Present
study conclusively shows that vancomycin remains the first choice of
treatment for MRSA infection. To preserve its value, use of vancomycin
should be limited to those cases where there are clearly needed
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6.2 Recommendations

e The regular surveillance in MRSA transmission is required to prevent
MRSA infections.

e Unauthorized distribution of antibiotics without prescription of doctor
has increased the prevalence of MDR isolates. Hence, such irrational
use of antibiotics should be banned.

e MIC value for methicillin antibiotics should be determined which was
not done due to lack of resources.

e To make clinical therapy effective, drugs should be given only on the
basis of culture and antibiotic sensitivity reports.

e The research should be extended to molecular level by using different
molecular techniques like PCR and RFLP in order to reveal the

epidemiology of the MRSA strains isolated.
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Photograph 1: Staphylococcus aureus in mannitol salt agar

Photograph 2: Methicilllin resistant Staphylococcus aureus in MHA

47



(4

A

Photograph 4: Antibiotic susceptibility test of MRSA
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List of Materials
Glass wares

Conical flask

Glass rod

Pipettes
Micropipette

Miscellaneous
Bacteriological loop

Bunsen burner
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Materials and Equipment’s

Beaker

Test tubes

Slides

Measuring cylinder

Micropipette tips

labeling stickers

sterile cotton swabs

Spirit lamp Tube holder

Forceps Gloves

Marker Soaps

Tissue paper

Equipment’s

Autoclave Incubator

Water bath Refrigerator

Hot air oven Compound Microscope

Water distillation plant

Chemical and Reagents

Crystal violet Plasma

Gram’s iodine 40% Potassium Hydroxide
Ethanol 1N Hydrochloride acid
Safranin Distilled water

3% Hydrogen peroxide
(0.5)

MacFarland’s Nephelometer Standard



Physiological saline Microscope oil

Lysol

Antibiotics (HiMedia Company) Media (Hi Media Company)
Amikacin (30mcg) Blood Agar

Cefoxitin (30mcg) Brain-Heart Infusion Broth
Chloramphenicol (30mcg) Nutrient Broth

Ciprofloxacillin (5mcg) Muller Hinton Agar

Co-trimoxazole (25mcg) Peptone

Clindamycin (2mcg) Mannitol Salt Agar

Erythromycin (15mcg)
Gentamicin (10mcg)
Meropenem (10mcg)
Nitrofurantoin (300mcg)
Tetracycline (30mcg

Vancomycin (30mcg)
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Bacteriological media
Composition and preparation of different types of media

1. Blood agar (BA)

Blood agar base (infusion agar) +5-10% sheep blood

Ingredients Gram/litre
Beef heart infusion 500.0
Tryptose 10.0
Sodium Chloride 5.0

Agar 15.0

Final pH (at 25°C) 7.320.2

About 42.5 gram of the blood agar base medium was suspended in 1000ml
distilled water and sterilized by autoclaving at 121°C (15lbs pressure forl5
minutes. After cooling to 40-50°C, 50ml sterile defibrinated sheep blood was
added aseptically and mixed well before pouring.

2. Brain Heart Infusion Broth (BHI)

Ingredients Gram/litre
HM infusion powder 12.5

BHI powder 5.0
Proteose peptone 10.0
Dextrose (Glucose) 2.0
Sodium chloride 5.0
Disodium hydrogen phosphate 2.5

Final pH (at 25°C) 7.4+0.2

Suspend 37.0 grams in 1000 ml purified/distilled water. Dispense into bottles
or tubes and sterilize by autoclaving at15 Ibs pressure (121°C) for 15 minutes.

3. Mannitol Salt Agar (MSA)
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Ingredients
Protease peptone
Sodium chloride
D-Mannitol
Phenol red

Agar

pH (at 25° C)

Gram/litre

10.0

75.0

10.0

0.025

15.0

7.4+0.2

111 grams of the medium was suspended in 1000 ml distilled water and heated
to dissolve the media. The media was autoclaved at 15 Ibs at 121°C for 15

minutes.

4. Muller-Hinton Agar (MHA)

Ingredients Gram/litre
Beef extract 300.0
Casein acid hydrolysate 17.5
Starch 1.5

Agar 17.0

pH (at 25° C) 7.420.2

38 grams of the medium was suspended in 1000ml water and boiled to dissolve
completely. The media was then autoclaved at 15 Ibs at 121°C for 15 minutes.

5. Nutrient Broth (NB)

Ingredients Gram/litre
Peptone 5.0
Sodium chloride 5.0
Beef extract 15
Yeast extract 15

VI



pH (at 25° C) 7.4+0.2

13 gram of medium was dissolved in 1000 ml of distilled water and heated to
dissolve the media. The media was autoclaved at 15 Ibs at 121°C for 15 minutes.



APPENDIX: VI
Composition and Preparation of different Reagents

1. Gram’s Stain Reagent

| Crystal Violet Solution

Solution A
Crystal violet 2.0gm
95% ethyl alcohol 20.0 ml
Solution B
Ammonium oxalate 0.8 gm
Distilled water 30.0 ml

Crystal violet was dissolved in ethyl alcohol and ammonium oxalate was
dissolved in distilled water. Then, solution A and solution B were mixed

Il Gram’s lodine solution

lodine 1.0gm
Potassium iodide 2.0gm
Distilled water 30.0 ml

111 Ethyl Alcohol (95%)

Absolute alcohol 95.0 ml

Distilled water 5.0 ml
IV Safranin

Safranine (99% dye content) 10 gm

Distilled water 1000 ml

2 Catalase Reagent

3% Hydrogen peroxide solution (100ml)
Hydrogen peroxide 3ml



Distilled water 97 ml

1 N Hydrochloric acid ( 1 mol/litre)

Concentrated hydrochloric acid 8.6 ml
Distilled water 100 ml
3 MacFarland Nephelometer Standards (0.5)

1% V/V solution of Sulphuric acid was prepared by adding 1ml of
concentrated Sulphuric acid to 99 ml of distilled water. 1% W/V
solution of barium chloride was prepared by dissolving 0.5 gram of
dehydrate barium chloride in 50 ml of distilled water. Then to the
99.5ml of 1% Sulphuric acid solution, 0.5 ml of barium chloride
solution was mixed and stirred continuously. Then the solution was
transferred in to the clean screw capped tube and stored at dark place
until use. The test tube for the broth preparation should be of same
size as of McFarland tube. The tubes can be stored and used for six

months.
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Procedure of different biochemical tests

1. Gram's strain: (Mackie and McCartney Vol.2, 14" edition)

Isolated colony selected for staining:

1

O 00 N O U B W N

Smear was made from pure culture by emulsifying a colony in
normal saline and heat fixed.

Smear flooded with crystal violet for 1 minute.

Wash with water.

Add Gram'’s iodine for 1 minute.

Wash with water.

Decolorize with absolute alcohol for 10-15 seconds.

Wash with water.

Flood with saffron for 1 minute.

Wash with water, blot dry and examine under oil immersion

objective of the microscope.

Gram positive cocci seen in grape-like clusters were an indicative
of Staphylococci.

2. Catalase test

1.

A small amount of isolated colony form pure culture was transferred
to the surface of clean and grease free glass slide.

A drop of 3% H>0, was placed onto the inoculum.

The evolution of oxygen bubbles was recorded immediately.

The slide was then discarded into a disinfectant.

3. Coagulation test

I slide test (to detect bound coagulase)

1.

A drop of physiological saline was placed on on each end of a slide
and colony of test organism was emulsified in eah of the drop to
make two thick suspensions.

Add a drop of plasma to one of the suspensions, and mix gently.

It was looked for clumping of the organisms within 10 seconds.

Xl



4. No plasma is added to the second suspension to differentiate any

granular appearance of the organism from true coagulase clumping.

I1. Tube test (to detect free coagulase)

1.

The plasma was diluted 1 in 10 physiological salines (mixing
0.2ml of plasma with 1.8 ml of saline),

3 tubes were taken and labeled as:

T= test organism (18-24-hour broth culture),

P=positive control (S. aureus broth culture),

N= negative control (sterile broth),

0.5ml of diluted plasma was pipetted into each tube.

About 5-5 drops each of test organism, S. aureus culture, and
sterile broth was added to the tubes labeled 't’, 'P’ and "N’
respectively.

After mixing gently, 3 tubes were incubated at 37°C. It was
examined for clotting after 1 hour. If no clotting occurs tubes

were examined at 30 minutes intervals for up to 6 hours.
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A. Antibiotic Susceptibility Test (Kirby-Bauer's Disc
Diffusion Method)

In vitro susceptibility of the pure bacterial species to fifteen different antibiotics
was determined using Kirby-Bauer disk diffusion technique using Muller-
Hinton agar and antibiotic disc as described by the National Committee for
Clinical Laboratory Standards (CLSI, 2006). One ml of each bacterial isolates
prepared directly from an overnight agar plates adjusted to 0.5 McFarland
Standard was inoculated using sterile swab into each of the petri discs
containing Muellar-Hinton Agar and were allowed to stand for 30 minute for
pre-diffusion of the inoculated organisms.

Antibiotic disc were seeded into the petri dishes containing Mueller-Hinton agar
(MHA) for each bacterial isolates. The AST of the isolates towards various
antimicrobial disc was done by modifide Kirby-Bauer Disc Diffusion method
as recommended by Clinical Laboratory Standard Institute (CLSI) using MHA
as follows:

1. MHA was prepared and sterilized as instructed by the manufacturer.

2. The PH of the medium was adjusted to 7.2-7.4 and the depth of the
medium at 4mm (about 25ml per plate) was maintained in petri dish.

3. Asingle isolated colony whose susceptibility pattern is to be determined
was touched and inoculated into nutrient broth with the help of sterile
wire loop and incubated at 37°C for 24 hours.

4. After incubation, the turbidity of the suspension was matched with the
McFarland standard tube number 0.5 (which is equivalent to 10 to
power 4 organisms)

5. Sterile cotton swab was then dipped into the tube and excess inoculum
was removed by pressing and rotating the swab firmly against the wall
of the tube.

6. Swabbing was done evenly over the surface of the MHA plate by
rotating the plates.

7. The petri dish was closed with its lid and then kept at room temperature
for 3-5 minutes for the surface of agar to dry.

8. Appropriate antibiotic discs were taken out of the respective vials with
the help of sterile forceps and placed carefully on the agar surface. The
disc were placed at the considerable distance apart from each other on a
90mm petri-dish. Then the plate was incubated at 37°c for 24 hours.

9. After incubation, the plates were observed for the zone of inhibition and
the diameters of inhibition zones were measured in millimeters (mm).

The measurement was interpreted as sensitive and resistant according to
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the manufacture’s standard zone size interpretative manual of CLSI

(2006).

The percentage resistance was calculated using the formula
PR=a/bx100, where ‘PR’ was percentage resistance, ‘a’ was the number
of resistant isolates and ‘b’ was the number of isolates tested with the
antibiotic. The percentage sensitivity was calculated using the formula
PS=c/dx100, where ‘PS’ was percentage sensitivity, ‘c’ was the number
of sensitive isolates and ‘d’ was the number of isolates tested with the

antibiotics.
B.
Antibiotics used | Symbo | Strengt
| Resistan | Intermediat | Sensitiv
h (mcg) t e e

Amikacin AK 30 <14 15-16 >17
Cefoxitin CX 30 <21 - >22
Chloramphenic | C 30 <12 13-17 >18
ol

Ciprofloxacin CIP 5 <15 16-20 >21
Clindamycin CD 2 <14 15-20 >21
Co-trimoxazole | COT 25 <10 11-15 >16
Erythromycin E 15 <I3 14-22 >23
Gentamicin GEN 10 <12 13-14 >15
Meropenem MRP 10 <I3 14-15 >16
Nitrofurantoin NIT 300 <14 15-16 >17
Tetracycline TE 30 <14 15-18 >19
Vancomycin VA 30 <I3 14-16 >17

(H1 Media Laboratory Limited, India)
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APPENDIX: IX

Chi-square data

1. Sample and prevalence of Staphylococcus aureus

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 19.445% 2 .000
Likelihood Ratio 20.267 2 .000
Linear-by-Linear Association 15.804 1 .000
N of Valid Cases 227

count is 9.12.

a. 0 cells (0.0%) have expected count less than 5. The minimum expected

Test is statistically significant

2. Age and ward and prevalence of Staphylococcus aureus

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 5.9822 5 .308
Likelihood Ratio 6.064 5 .300
Linear-by-Linear Association .075 1 .784
N of Valid Cases 227

count is 5.29.

a. 0 cells (0.0%) have expected count less than 5.

The minimum expected

Test is not statistically significant

XVI




3. Gender and prevalence of Staphylococcus aureus

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 2.882% 1 .090

Continuity 2.435 1 119

Correction®

Likelihood Ratio 2.886 1 .089

Fisher's Exact Test 101 .059
Linear-by-Linear 2.870 1 .090

Association

N of Valid Cases 227

a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 40.81.
b. Computed only for a 2x2 table

Test is not statistically significant

4. Age and Gender and prevalence of MRSA.

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 27.199% 5 .000
Likelihood Ratio 33.214 5 .000
Linear-by-Linear Association 17.221 1 .000

N of Valid Cases 109

a. 2 cells (16.7%) have expected count less than 5. The minimum expected
count is 2.59.

Test is statistically significant.
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5. Ward and prevalence of MRSA and MSSA

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square  .074* 1 785

Continuity .019 1 .890

Correction®

Likelihood Ratio .074 1 185

Fisher's Exact Test 791 445
Linear-by-Linear .074 1 .7186

Association

N of Valid Cases 227

a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 48.02.
b. Computed only for a 2x2 table

Test is not statistically significant.

6. Staphylococcus aureus with amikacin

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 10.588% 1 .001

Continuity 9.662 1 .002

Correction®

Likelihood Ratio 10.804 1 .001

Fisher's Exact Test .001 .001
Linear-by-Linear 10.542 1 .001

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 32.17.
b. Computed only for a 2x2 table

Test is statistically significant.
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7. Staphylococcus aureus with Chloramphenicol

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square  .029% 1 .864

Continuity .000 1 .993

Correction®

Likelihood Ratio .029 1 .864

Fisher's Exact Test .873 497
Linear-by-Linear .029 1 .865

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 23.53.
b. Computed only for a 2x2 table

Test is not significant.

8. Staphylococcus aureus with Ciprofloxacilin

Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 19.461° 1 .000

Continuity 18.299 1 .000

Correction®

Likelihood Ratio 19.729 1 .000

Fisher's Exact Test .000 .000
Linear-by-Linear 19.375 1 .000

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 48.50.
b. Computed only for a 2x2 table

Test is statistically significant.
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9. Staphylococcus aureus with cefoxitin

Chi-Square Tests

Asymptotic Exact
Significance Exact Sig.  Sig. (1-

Association
N of Valid Cases 227

Value Df (2-sided) (2-sided) sided)
Pearson Chi-Square 227.000% 1 .000
Continuity 223.011 1 .000
Correction®
Likelihood Ratio 314.332 1 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 226.000 1 .000

count is 52.34.

b. Computed only for a 2x2 table

a. 0 cells (.0%) have expected count less than 5. The minimum expected

Test is statistically significant.

10. Staphylococcus aureus with Clindamycin

Chi-Square Tests

Asymptotic

Significance Exact Sig. Exact Sig.

Association
N of Valid Cases 227

Value Df (2-sided)  (2-sided)  (1-sided)
Pearson Chi-Square 8.579? 1 .003
Continuity 7.715 1 .005
Correction®
Likelihood Ratio 8.652 1 .003
Fisher's Exact Test .004 .003
Linear-by-Linear 8.541 1 .003

count is 28.33.

b. Computed only for a 2x2 table

a. 0 cells (.0%) have expected count less than 5. The minimum expected

Test is statistically significant.
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11. Staphylococcus aureus with Cotrimoxazole

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 4.229? 1 .040

Continuity 3.701 1 .054

Correction®

Likelihood Ratio 4.243 1 .039

Fisher's Exact Test .047 .027
Linear-by-Linear 4.211 1 .040

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 54.26.
b. Computed only for a 2x2 table

Test is statistically significant.

12. Staphylococcus aureus with Erythromycin

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 7.258? 1 .007

Continuity 6.538 1 011

Correction®

Likelihood Ratio 7.327 1 .007

Fisher's Exact Test .009 .005
Linear-by-Linear 7.226 1 .007

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 40.81.
b. Computed only for a 2x2 table

Test is statistically significant.
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13. Staphylococcus aureus with Gentamicin

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 4.482% 1 .034

Continuity 3.928 1 .048

Correction®

Likelihood Ratio 4.493 1 .034

Fisher's Exact Test .042 .024
Linear-by-Linear 4.462 1 .035

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 44.18.
b. Computed only for a 2x2 table

Test is statistically significant.

14. Staphylococcus aureus with Meropenem

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 8.009? 1 .005

Continuity 7.151 1 .007

Correction®

Likelihood Ratio 8.081 1 .004

Fisher's Exact Test .005 .004
Linear-by-Linear 7.974 1 .005

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 25.93.
b. Computed only for a 2x2 table

Test is statistically significant.
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15. Staphylococcus aureus with Nitrofuraton

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square  .042% 1 .837

Continuity .000 1 1.000

Correction®

Likelihood Ratio .042 1 .839

Fisher's Exact Test 1.000 .670
Linear-by-Linear .039 1 .843

Association

N of Valid Cases 14

a. 3 cells (75.0%) have expected count less than 5. The minimum expected
count is .86.
b. Computed only for a 2x2 table

Test is not statistically significant.

16. Staphylococcus aureus with Tetracycline

Chi-Square Tests
Asymptotic
Significance Exact Sig. Exact Sig.
Value df (2-sided) (2-sided)  (1-sided)

Pearson Chi-Square 5.048? 1 .025

Continuity 4.450 1 .035

Correction®

Likelihood Ratio 5.061 1 .024

Fisher's Exact Test .028 .017
Linear-by-Linear 5.026 1 .025

Association

N of Valid Cases 227

a. 0 cells (.0%) have expected count less than 5. The minimum expected
count is 40.81.
b. Computed only for a 2x2 table

Test is statistically significant.
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17. Staphylococcus aureus and D test

Chi-Square Tests \

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 11.2142 2 .004
Likelihood Ratio 11.297 2 .004
Linear-by-Linear Association 8.813 1 .003

N of Valid Cases 142
a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 14.87.
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APPENDIX: X

Formulas: The sensitivity, specificity, PPV and NPV values were calculated by

using the following formula:

Sensitivity = ———X 100%

TP
TP+FP

PPV = X 100%

PPV = positive predictive value
NPV = negative predictive value
TP = true positive

TN = true negative

FP = false positive

FN = false negative

Specificity = %x 100%

NPV =

XXV

TN
TN+FN

X 100%
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