CHAPTER  ONE
1.0 INTRODUCTION

Nosocomial infections are infections not present and without evidence of incubation at the time of admission to a health care setting. Within hours after admission, a patient’s flora begins to acquire characteristics of the surrounding bacterial pool. Most infections that become clinically evident after 48 hours of hospitalizations are considered hospital acquired (Ayesha, 2010).

Contact transmitted infection is the most important and frequent mode of transmission of nosocomial infections and may be either direct or indirect. Direct contact transmitted infections involve direct body surface–to–body surface contact, such as occurs in patient care activities for example bathing a patient. It can also occur between two patients, with one serving as the source of infectious microorganisms, the other being a susceptible host. Indirect contact transmitted infections involve contact of a susceptible host with a contaminated object, usually inanimate, for example contaminated instruments, needles, dressings or gloves that are not changed between patients. Unwashed contaminated hands may also be a source of nosocomial infections (Weller, 2000). The most common types of nosocomial infections are surgical wound infections, respiratory infections, genitourinary infections as well as gastrointestinal infections. These infections are often caused by breaches of infection control practices and procedures by hospital staff, unclean and non sterile environment.

Approximately forty million people are hospitalized in the United States each year and of those admitted; 5 – 10 % will acquire a nosocomial infection. Of all nosocomial infections identified, 35 – 40% is urinary tract infections, 15% are lower respiratory tract infections (Pneumonia) and 5 – 10% are bacteriamias. The remaining 20% are infections at various other anatomical sites (McClatchey, 1994).
Nosocomial infections may range from very mild to fatal. Sometimes because of the long incubation period, the infection may not be discovered until after the patient has been discharged. Many factors determine which microorganisms are responsible for these infections:

· The length of time the person is exposed,

· The manner in which a patient is exposed,

· The virulence and number of microorganisms,

· The state of the patient’s host defenses.

The bacteria most commonly implicate in nosocomial infections include:

· Pseudomonas aeruginosa

· Enterococcus species

· Escherichia coli and other members of the Enterobacteriaceae

· Staphylococcus aureus and other Staphylococcus species.

(Anderson, et al., 2004)
1.1 BACKGROUND  INFORMATION

Nosocomial infections are estimated to occur in 5% of all hospitalization in the United States. In 1999, National Point – Prevalence Surveys in Pediatric Intensive Care Units (PICU) and Neonatal Intensive Care Units (NICU) showed 11.9% of 512 patients had PICU – acquired infections, whereas 11.4% of 827 patients had NICU – acquired infections. Both developed and resource – poor countries are faced with the burden of nosocomial infections. In a World Health Organisation (WHO) Cooperative Study (1987), 55 hospitals in 14 countries from four WHO regions, about 8.7% of hospitalized patients had nosocomial infections. A six year surveillance study from 2002-2007 involving Intensive Care Units (ICUs) in Latin America, Asia, Africa and Europe using CDCs definitions revealed higher rates of Central-line associated blood stream infections, ventilator associated pneumonias and catheter-associated urinary tract infections than those of comparable United States Intensive Care Units (Ayesha, 2010).
In contrast to PICU from developed countries, those in developing countries often admit more critically ill patients, with medical conditions rather than surgical and with lower ages and socio economic level. A study from Brazil found that yeasts and Gram negative bacteria were the most frequent isolates in blood cultures. Another study in adults from developing countries found greater frequency of nosocomial infections compared to the Intensive Care Units in the U.S.A, despite similar device use rates. (Becerra, et al., 2002). In Nigeria nosocomial infection rate of 2.7% was reported from Ife, while 3.8% from Lagos and 4.3% from Ilorin (Samuel, et al., 2010)
1.2 STATEMENT OF THE PROBLEM

A hospital can be seen as a high-density population made up of unusually susceptible people where most antimicrobial resistant and virulent pathogens can potentially circulate. Considering this, it is not surprising that hospital–acquired infections or nosocomial infections have been a problem since hospitals began (Anderson, et al., 2004). Bed making done in the various wards of the St. Elizabeth Catholic General Hospital Shisong may release large quantities of microbes into the air which contaminate the immediate environment. These microbes which are probably from patients’ skin as normal flora are often shedded on their gowns and bed linens which during bed making are released in the air in the form of aerosols which can be inhaled or settle on exposed wounds or other materials in the surroundings and cause infection. 
Past studies in different countries revealed that sink traps, door knobs, toilet surfaces and surgical equipments are reservoir of microbes which can possibly be sources of nosocomial infections and thus the researcher seeks to sample these equipment/instruments and materials used in the various wards of the Saint Elizabeth’s Catholic General Hospital and Cardiac Centre Shisong to find out the prevalence of bacterial contamination on these instruments that can cause nosocomial infections.
Due to the fact that antibiotics are widely used in hospital settings, bacteria which thrive in hospitals are more resistant to these antibiotics more than those in ordinary environment because they have developed mechanism of resistance to these antibiotics 
Nosocomial infections add significant morbidity, mortality and economic burden to the outcomes expected from the underlying diseases along. It is estimated that nosocomial infections are directly responsible for at least 200,000 deaths and contributes to additional 60,000 deaths annually. Studies employing a matched design to control for confounding variables such as severity of underlying disease have been performed in order to obtain a better estimate of the mortality directly attributable to nosocomial infections. The results of these studies have indicated that the mortality directly attributable to nosocomial blood-stream infections varies from 14% for blood-stream infections due to coagulase negative Staphylococci to a 38-50% for blood stream infections due to Candida species. These data suggest that nosocomial infections, particularly blood stream infections carry a significant mortality and constitute a major cause of death nation wide. (Anderson, et al.,2004).
In addition to an important attributable mortality, nosocomial infections results in excess cost primarily due to prolonged length of stay in hospital. It is estimated that 
each nosocomial infection results in an additional 5-10 days of hospitalization producing an additional financial burden in the United States of 5-10 billion dollars annually. (McClatchey, 1994).
1.3   PURPOSE

1.3.1
GOAL
The goal of this study is to create awareness on nosocomial infections, identify their sources, negative effects, control and prevention on patients attending Saint Elizabeth Catholic General Hospital and Cardiac Centre Shisong.
1.3.2
OBJECTIVES

-
To trace out possible sources of nosocomial infections and employ measures to control, prevent the spread and recurrence of these infections in the wards/units of the SECGH Shisong.

- 
To identify which bacteria pathogen is the most prevalent in nosocomial infections

-
To evaluate the level of sterilization of hospital equipments/instruments that are used directly on patients during nursing care at the St. Elizabeth General Hospital and Cardiac Centre Shisong.
-
Propose simple and local measures patients and hospital administration can employ to reduce nosocomial infections.

-
To know which antimicrobial agent can best be used to treat the identified nosocomial pathogens in Saint Elizabeth Catholic General Hospital and Cardiac Centre Shisong
1.3 SIGNIFICANCE OF THE STUDY

At the end of this study, sources of nosocomial infections in the hospital and the various bacteria involved shall be identified and strategies modified to control and prevent its spread. This will go a long way to improve the effectiveness of patient care and promote patient safety.

Effective control and preventive measures on nosocomial infection will help reduce length of stay of patients in hospital and also reduce hospital cost. Morbidity and mortality rates will also be diminished.

This study will help the researcher improve her skills in microbiological techniques like preparation of culture media under aseptic conditions, streaking an inoculum to produce descret colonies and isolating particular microorganisms using biochemical tests.
1.4 RESEARCH QUESTION AND HYPOTHESES

1.4.1 RESEARCH QUESTION

Are hospital equipment/instrument a source of nosocomial infections at the St Elizabeth General Hospital and Cardiac Centre Shisong?
1.4.2 HYPOTHESES
Null Hypothesis


Hospital equipment/instruments are not a source of nosocomial infections at the Saint Elizabeth Catholic General Hospital and Cardiac Centre Shisong.
Alternative Hypothesis

Hospital equipment/instruments are a source of nosocomial infections at the Saint Elizabeth Catholic General Hospital and Cardiac Centre Shisong.

CHAPTER TWO
LITERATURE REVIEW

2.0 INTRODUCTION TO NOSOCOMIAL INFECTIONS
Nosocomial infections are infections acquired by patients while they are in the hospital. These infections are unrelated to the condition for which the patients were hospitalized. It is somehow surprising yet understandable that many infections can be acquired in the hospital. Surprising because hospitals are places people go to regain their health yet understandable because individuals weakened by illness or disease are more susceptible to infection than the healthy individuals. Infections acquired in the hospitals especially by patients whose resistance to infection has been diminished by their illness are termed nosocomial. (Saia, 2007).
2.1
TYPES OF NOSOCOMIAL INFECTIONS
Of all nosocomial infections identified, 35-40% are urinary tract infections, 20% are post operative wound infections (surgical site wound infections), 15% are lower respiratory tract infections (pneumonias) and 10% are bacteriamias. The remaining 20% are infections at various other anatomical sites including cutaneous, gastrointestinal tracts. (Pfaller, et al., 1994).
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Figure 1: Percentages of Nosocomial infection by site

2.1.1   URINARY TRACT INFECTIONS

Urinary tract infections, the most prevalent type of nosocomial infections account for approximately 35% of all nosocomial infections. These infections occur after urinary catheterization. (Terrie,2006).

Over 80% of urinary tract infections are associated with indwelling urinary catheters. The risk of urinary infections increases with the length of time that a urinary catheter remains in place. These catheters increase the risk for developing a urinary tract infection because they avert the normal defenses of the urologic system in multiple ways. First bacteria can be directly inoculated into the bladder during insertion of the catheter. Second, both the inside and the outside walls of the catheter serve as a conduit from the external environment to the bladder. Third a biofilm that  forms within the internal lumen of the catheter protects bacteria from antibiotics. Residual urine from bladder that does not completely drain serves as a reservoir for bacterial growth. (Kenrad, 2010)

Gram negative organisms predominate in hospital acquired urinary tract infections (UTIs), almost all of which are associated with urethral catheterization. After the second day of catheterization, it is estimated that the risk of bacteriuria increases by 5-10%/ day. Recent United States data indicates that Escherichia coli is the most common etiologic Gram negative organism following in descending order of frequency by Pseudonomas aeruginosa, Klebsiella species, Enterobacter species. Uropathogenic Escherichia coli strains infects the urinary tract through a range of mechanisms including specialized adhesions, fimbrae,  biofilms and aversion of host responses. Nephropathogenic Escherichia coli typically produce a haemolysin. Pyelonephritis is associated with a specific type of pilus (P. pilus) which binds to the P blood group substance. (Anton, 2010).

The signs and symptoms of UTIs include urinary frequency, dysuria, haematuria, pyruria. Flank pain is associated with upper tract infection. UTIs can result in bacteremia with clinical signs of sepsis. (Butel, et al., 1995).

Several practices have been evaluated to manage and prevent hospital acquired UTIs. Such practices include using indwelling catheters only when necessary, removing catheters when no longer needed, using antimicrobial catheters. Using portable ultrasound bladder scans to detect post void residual urine amounts, maintaining proper insertion techniques and using alternatives to indwelling urethral catheters such as suprapubic or intermittent catheterizations. (Sanjay, et al., 2008)
2.1.2   RESPIRATORY TRACT  INFECTIONS

One of the most common causes of respiratory tract infections is nosocomial pneumonia. Nosocomial pneumonia also known as hospital – acquired pneumonia is defined as pneumonia that occurs more than 48 hours after admission but that was not incubating at the time of admission. Ventilator associated pneumonia is defined as pneumonia that occurs after 48 – 72 hours of endotracheal intubation (Burke, 2009).

The American Thoraxic Society (ATS) subdivides nosocomial pneumonia into early onset (usually within the first four days of hospitalization) and late onset (usually occurring after the fifth hospitalization day). Early onset tends to carry a better prognosis, whereas late onset tends to be associated with multidrug resistant organism meaning that it is associated with higher mortality rates. Nosocomial pneumonia is the second most common nosocomial infections. Bacteria and other microbes are easily brought into the throat by respiratory procedures commonly done in the hospitals. The microbes come from contaminated equipment or the hands of health care workers. Some of these procedures are respiratory intubation, suctioning of material from the throat and mouth, mechanical ventilation. The introduced microbes quickly colonise the throat area. They grow and form a colony, but do not yet cause an infection. Once the throat is colonized, it is easier for a patient to inhale the microbes into the lungs (Burke, 2003).

The development of nosocomial pneumonia represents an imbalance between normal host defenses and the ability of microorganisms to colonise and then invade the lower respiratory tract. The primary route through which organisms enter the lower airways is via aspiration of oropharyngeal secretion into the trachea. Inhalation, aspiration and hematogenous spread are the three main mechanisms by which bacteria reach the lungs. The breathing machines can become contaminated with microbes especially when handled by medical staff who do not use the proper infection control procedures. People on breathing machines may also be unable to cough and expel germs from their lungs, which is another cause of nosocomial infections. (Lietz,2002).

Primary inhalation pneumonia develops when microorganisms by pass normal respiratory defense mechanisms or when the patient inhales aerobic Gram negative organisms that colonise the upper respiratory tract.


Aspiration pneumonia is due to aspiration of colonized upper respiratory tract secretions. The stomach appears to be an important reservoir for Gram negative bacilli that can ascend and colonise the respiratory tract. A prospective observational study found that patients who use acid suppressive medications were more likely to develop hospital acquired pneumonia than were patients who did not.


Hematogenously acquired infections originate from a distant source and reach the lungs via the blood stream (Burke, 2009).

Gram negative aerobic bacteria are the major pathogens associated with nosocomial pneumonia. These include; Pseudomonas aeruginosa, Haemophilus influenza, Klebsiella species, Escherichia coli. The pathophysiology relates to the destructive effect of these organisms on invaded lung tissue. Aerobic Gram negative pathogens may be divided into two categories: the first category include organisms that cause necrotizing pneumonia with rapid cavitations, micro abscess formation, blood vessel invasion and hemorrhage. The second category consists of all non-necrotizing Gram negative organisms responsible for nosocomial pneumonia. Other causes of nosocomial pneumonia are respiratory Syncytial virus, influenza virus, Aspergillus fumigatus.  Signs and symptoms of nosocomial pneumonia are increase in respiration rate, shortness of breathe, productive cough and fever (Burke, 2009).
MANAGEMENT


Patients with Nosocomial Pneumonia (NP) usually require ventilator support at some point and usually need supplementary oxygen therapy. Before empiric antimicrobial therapy is initiated an attempt should be made to rule out mimics of N P.  The precise pathogen that causes a given case of NP is usually unknown. Therefore, empiric antimicrobial therapy is the only practical approach. Delaying therapy until the pathogen is identified is not recommended. For empiric coverage of NP, monotherapy is as effective as combination therapy for early NP. For proven pseudomonal infection, double-drug coverage with a high degree of antipseudomonal activity and low resistance potential should be used.  (Burke, 2009).
2.1.3     SURGICAL WOUND INFECTIONS 

Surgical wound infection (SWI) is defined as;

· Superficial incisional surgical site infection: Infection involves only skin and 

subcutaneous tissue of incision.

· Deep incisional surgical site infection (SSI): Involves deep tissues such as facial 

and muscle layers

· Organ surgical site infections: Involves any part of the anatomy in organs and 

spaces other than the incision which was opened or manipulated during the 

operation
A broader and more general definition would be infection of a wound caused by physical injury of the skin as a result of penetrating trauma, objects such as knives, guns, animals. Wounds break the continuity of the skin and allow microbes to gain access to tissues and cause infection. A surgical wound infection must occur within 30 days of surgical operation. (Hemant, 2009)

One of the most obvious risks of surgery lies in the exposure of tissues to exogenous sources of infection or in the activation of endogenous microorganisms. The deposition and multiplication of microorganisms in the surgical sites of susceptible hosts leads to surgical wound infection. These microbes get into wound through;

1. Direct contact: Transfer from surgical equipment or the hands of the surgeons ,or 

nurses.
2. Air borne dispersal : Surrounding are contaminated with microbes that deposit 

onto the wound.

3. Self contamination: Physical migration of the patient’s own endogenous flora 
which are present on the skin, mucous membrane to the surgical site.  Also general patient’s characteristics like age, malnutrition, immunosuppression, operative characteristics like poor surgical techniques, long operation time, intra-operative contamination also play a role in wound infection. (Hemant, 2009).
Another possibility of bacterial infections arises when a hypodermic technique introduces materials in which microbial multiplication has occurred prior to injection. One of the ways in which this can happen involves the use of inactive skin antiseptics in which bacteria have been growing. When the patient’s skin is prepared for injection by applying the disinfectant, large numbers of contaminating microbes may be wiped onto the skin surface and later pushed through the tissues below or into a vein by the needle (Marion, et al., 1979).

Bacteria involved in wound infection are Staphylococci species, Streptococci pyogenes, Enterococci species, Pseudomonas aeruginosa. Staphylococci are Gram positive cocci of which the main pathogenic species is Staphylococcus aureus. The organism can be part of the normal human bacteria flora with about 30% of the general population being nasal carriers and 10% carrying it on the skin. Staphylococcus aureus typically produces pustules, boils, breast abscess and wound infections. Part of it virulence is due to its production of a variety of enzymes and toxins. Some patients harbor particularly virulent strains that produce the toxic shock syndrome toxin. Infection in these produces toxic shock syndrome with serious systemic effects such as
fever, hypotension, shock and multi-organ failure. Some strains such as Methicillin Resistant Staphylococcus aureus (MRSA) can be passed from patient to patient on staff hands if care is not taken with hand washing after every patient contact.

Pseudomonas aeruginosa is a common colonizing organism in long standing wounds such as compound fractures, chronic leg ulcers. In wounds and ulcers, Pseudomonas can be recognized by the characteristic blue-green discharge. The organism often colonises burns and may become pathogenic when burns are extensive, giving rise to fatal sepsis. (Burkitt,  et al., 2007).


Signs and symptoms of surgical wound infection include;

· Sensation of pain especially intense sharp pain

· Swelling, tenderness and redness around a surgical wound within 3 to 10 days 

following surgery

· Purulent discharge from the surgical site

· Delayed healing and abnormal smell

· Discoloration of tissues both within and at the wound margins

· Lymphangitis, tender lymph glands draining the affected area

· Fever, bleeding granulation of tissues. (Wang, 2010).
MANAGEMENT OF WOUND INFECTION


Wound infections can complicate illness, increase patient’s discomfort and lead to death. The potential for infection depends on a number of patient’s variables such as the state of hydration, nutrition and existing medical conditions as well as extrinsic factors for example related pre-intra and post-operative care if the patient has undergone surgery. This often makes it difficult to predict which wounds will become infected. Consequently, the prevention of wound infection should be a primary management objective for all health care practitioners (Collier, 2004)

The goal of wound infection management is to prevent the risk of infection. The following methods external to the patient are used to prevent infection:
· Maintaining positive pressure ventilation of operating theatre

· Sterilization of surgical instruments, sutures according to guidelines

· Surgical team members educated in aseptic techniques
· Scrubbing up followed by appropriate sterile attire

· Proper techniques applied to patients to prevent wound infections

· Good surgical techniques

· Antibiotic prophylaxis . (Hemant, 2009)

2.1.4   BLOOD STREAM  INFECTION

Infection of the blood stream remains a life threatening occurrence and is most commonly associated with the presence of central vascular catheters but may also be associated with a Gram negative infection in other areas of the body such as lung abdomen. The most common organisms include Klebsiella species, Escherichia coli, Enterobacter species.


Prevention of bloodstream infections associated with central catheters is of paramount importance. Adherance to evidence-based interventions has proved highly successful and hospital would wide should be adopting such cost-effective preventive measures. Evidence is also emerging in support of other intervention such as the use of catheters impregnated with an antiseptic, an antibiotic or both or the use of chlorhexidine-impregnated dressings (Anton, et al., 2010).
2.2 LABORATORY DIAGNOSIS OF NOSOCOMIAL PATHOGENS

2.2.1   ESCHERICHIA COLI

Escherichia coli (E. coli) are Gram negative motile rods that belong to the large group of Gram negative bacteria called Enterobacteriaceae. They can survive in an environment with or without air and depending on the environment may or may not produce thin hair-like structures (flagella or pilli) that allow the bacteria to move and to attach to human cells (Davis, 2011).


Although most strains of E. coli are not rendered as pathogens, they can be opportunistic pathogens that cause infection in immunocompromised hosts. There are also pathogenic strains of E. coli that when ingested, causes GIT illness in healthy humans (Feng, et al., 2002).

Escherichia coli is an aerobe and facultative anaerobe with an optimum temperature for growth of 36 – 370C with most strains growing over 18 – 440C. On blood agar it produces 1-4mm diameter colonies after over night incubation. The colonies may appear mucoid. Some strains are haemolytic. On MacConkey agar E. coli ferments lactose, producing smooth pink colonies and yellow colonies on CLED agar. Some strains are late or non-lactose fermenters. Most strains of E. coli produce an acid deep (yellow) and an acid slope (yellow) with gas production and no hydrogen sulphide blackening on Kligler Iron agar. (Cheesbrough, 2000). Biochemical tests used for the identification of E. coli includes:
· Indole test which is Indole positive

· Lysine decarboxylase positive.
PRINCIPLES OF THE VARIOUS TESTS DONE
A)
GRAM  STAIN

Differences in Gram reaction between bacteria is due to differences in the permeability of the cell wall of Gram positive and Gram negative organisms during the staining process. Following staining with a triphenyl methane basic dye such as crystal violet and treatment with iodine, the dye-iodine complex is easily removed from the more permeable cell wall of Gram negative bacteria because they have a thin layer of peptidoglycan while the less permeable and thicker layer of peptidoglycan cell wall of Gram positive bacteria is not easily removed. Retention of crystal violet by Gram positive bacteria is also due to the more acidic protoplasm of these organisms binding to the basic dye. (Cheesbrough, 2000).

B) INDOLE TEST TO IDENTIFY ESCHERICHIA COLI
Principle:
Kovac’s reagent which contains 4 (p) – dimethyl-aminobenzaldehyde reacts with indole-producing organisms in the presence of trytophane to produce a red coloured compound.  This test is used to differentiate indole producing organisms such as Escherichia coli from non-indole producing organisms such as klebsiella species.
2.2.2 PSEUDOMONAS AERUGINOSA
These are Gram negative rod-shaped motile bacteria measuring about 0.6 x 2um and occurs as singly or in pairs and occasionally in short chains.  Some strains are capsulated. (Brooks, 1995). Pseudomonas aeruginosa (P. aeruginosa) is an obligate aerobe that grows readily on many types of culture media sometimes producing a grape-like odor. The optimum temperature for growth is 35 – 370C. On blood agar, Pseudomonas aeruginosa forms large, smooth, flat colonies with a fluorescent greenish pigment pyoverdin and a non fluorescent bluish pigment pyocyanin which diffuses into the agar. Some strains produce haemolysis. (Brooks,1995). On MacConkey agar P. aeruginosa produces pale coloured colonies and green colonies on CLED agar. A characteristic pink-red slope often with a metallic appearance and pink-red butt are produced on Kligler Iron agar. No gas and hydrogen sulphide are formed. P. aeruginosa is oxidase positive and produces acids only from glucose. Growth at 420C differentiates P. aeruginosa from the less commonly isolated Pseudomonads; Pseudomonas putida. (Cheesbrough, 2000).
C) OXIDASE TEST TO IDENTIFY  PSEUDOMONAS AERUGINOSA

Pinciple:


Oxidase producing  organisms oxidizes phenylene-diamine in the reagent to give a deep-purple colour. (Cheesbrough, 2000).

2.2.3 SERRATIA SPECIES
Serratia species are Gram negative motile rods that grow well on blood agar and MacConkey agar. It is non lactose fermenting. Some strains produce a red pigment in nutrient agar at room temperature. Biochemical tests used to identify Serratia marcescens is citrate test of which it is citrate positive. The production of a precipitate by Serratia marcescens on MacConkey agar has proven useful as a laboratory diagnostic test. (Black, 1978).
D    CITRATE TEST TO IDENTIFY  SERRATIA SPECIES
Principle:


Citrate producing organisms are capable of utilizing citrate in the reagent as the only source of carbon changing the colour from green to blue. (Cheesbrough, 2000).
2.2.4 STAPHYLOCOCCUS  SPECIES

Staphylococcus species are Gram positive non-motile, non -sporing and non capsulated cocci occurring singly, in pairs and in irregular clusters of variable sizes. (Sulav, 2010).


Colonies are large (1-2mm) round, smooth, raised, opaque and are often pigmented with deep yellow pigment. The optimum temperature for growth is 30 – 370C. They are facultative anaerobes and have a fermentative metabolism. Staphylococcus aureus usually forms grey to deep golden yellow colonies. Staphylococcus epidermidis colonies are usually grey to white on primary isolation. Staphylococcus aureus and other Staphylococci species produce Beta- haemolysis on blood agar (Brooks, 1995). On MacConkey agar, colonies are 0.1 – 0.5mm and most strains are lactose fermenting. Staphylococcus aureus ferments Mannitol and is able to grow on agar containing 70 – 100g/L sodium chloride. (Cheesbrough,2000)
E)  CATALASE  TEST TO IDENTIFY STAPHYLOCOCCI SPECIES
Principle


Catalase acts as a catalyst in the breakdown of hydrogen peroxide to oxygen and water.  An organism is tested for catalase production by bringing it into contact with hydrogen peroxide.  Bubbles of oxygen are released if the organism is a catalase producer. (Bascomb, et al., 1998)
 F)   COAGULAS TEST

Principle

·        Coagulase causes plasma to clot by converting fibrinogen to fibrin.  Most strains 


of Staphylococci aureus produce two types of coagulase;

·        Free coagulase which converts fibrinogen to fibrin by activating a coagulase-

reacting factor present in plasma.  Free coagulase is detected by clotting in the 

tube test.

·       Bound coagulase which  converts fibrinogen directly to fibrin without requiring a 
coagulase-reacting factor.  It can be detected by the clumping of bacterial cells in the rapid slide test. (Cheesbrough, 2000)
2.2.5  MICROCOCCI SPECIES


These are Gram positive cocci that mostly occur in tetrads. They are larger in size than Staphylococcus species and are strictly aerobic. Micrococci luteus produces yellow colonies on blood agar. They are coagulase positive and oxidase positive.
2.3 FACTORS INFLUENCING THE DEVELOPMENT OF NOSOCOMIAL INFECTIONS

2.3.1    MICROBIAL AGENT


There are many kinds of pathogens to which a patient may be exposed during hospitalization. The likelihood of infection resulting from such exposure depends on part on the species of pathogens, its resistance to antimicrobial agents, its virulence and the inoculums introduced to the patient. Many different bacteria, viruses, fungi and parasites cause nosocomial infections. Infections may be caused by a microorganism acquired from another person in the hospital (cross-infection) or may be caused by the patient’s own flora (endogenous infection).Some organisms may be acquired from an inanimate object or substances recently contaminated from another human source. (Fabry, et al., 2002).
2.3.2     ENVIRONMENTAL FACTORS


Health care settings are an environment where both infected persons and persons at increased risk of infection congregate. Microbial flora may contaminate objects, devices and materials which subsequently contact susceptible body sites of patients (Nicolle, et al., 2002).

A wide variety of pathogenic organisms are introduced into the hospital environment. Through factors of selection and exchange, the use of antibiotics has led to the emergence of drug-resistant strains of bacteria which are more difficult to manage than non-hospital related strains. This difficulty is more evident in surgical settings where approximately one-half of all nosocomial infections occur. An added hazard is the very strong possibility that microorganisms shed from infected lesions are more virulent than those ordinarily found in the environment. Patients infected at the time of admission may carry strains of greater pathogenicity which may later tend to dominate the hospital environment. Crowded conditions within the hospital also favour transmission of microorganisms, changes in temperature, humidity at times influence the development of infection . (Nicolle, et al., 2002).
2.3.3    PROXIMITY TO THE SOURCE


Patients come in very close proximity to their room mates, health care workers and visitors all of whom may be potential sources of infection. Some illnesses such as the H1N1 influenza virus are infectious such that before the affected person develops any signs and symptoms of the disease, the patient must have transmitted the organism to others. There is very little opportunity to interrupt the cycle of transmission at this stage other than to practice standard precautions with all patients. (Lyn, 2000).
2.3.4    STATE OF THE IMMUNE SYSTEM


The state of a patient’s immune system plays a major role in fighting infections. Acute and chronic illness, advancing age and some classes of medications tax a patient’s immune system, placing patients at high risk of infection. Those with compromised immunity are much more likely to develop a nosocomial infection. Additional host factors are malnutrition and undernutrition. Many modern diagnostic procedures such as biopsies, catheterization and aspirations tend to increase patient’s risk of infection (Lyn, 2010).
2.3.5    BACTERIAL RESISTANCE


Many patients receive antimicrobial drugs. Through selection and exchange of genetic resistant elements, antibiotics promote the emergence of multidrug resistance. Microorganisms in the normal human flora sensitive to the given drug are suppressed, while resistant strains persist and may become endemic in the hospital. The wide-spread use of antimicrobial for therapy or prophylaxis is the major determinant of resistance. As an antimicrobial agent becomes widely used bacteria resistant to this drug eventually emerge and spread in the health care setting. Many strains of Pneumococci, Staphylococci, Enterococcus are currently resistant to most or all antimicrobials which were once effective. Multi-resistant Klebsiella and Pseudomonas aeruginosa are prevalent in many hospitals. This problem is particularly critical in developing countries where more expensive second-line antibiotics may not be available or affordable. (Ducel, et al., 2002)
2.4    SOURCES OF NOSOCOMIAL INFECTIONS

2.4.1    EXOGENOUS AND ENDOGENOUS SOURCES


There are four potential sources that can transmit microorganisms and lead to infections. Three of these are exogenous sources and includes:

· Fixed structures of the hospitals

· Devices or instruments used at the hospital

· Health care personnels. One endogenous source is the patient. Exogenous infections are a direct result of pathogenic and non pathogenic organisms directly acquired from the environment. Exogenous infections can be transmitted through the air borne route, through formites, instruments or equipment through direct contact with carriers, health care personnels or by parenteral inoculation. (Kenrad, et al., 2006)
2.4.1.1 AIR

Organisms are transmitted through air by the spread of the evaporated airborne droplets that contain microorganisms or the dust particles with the infectious agent. These small particles can remain suspended in the air for a long period of time and can be propelled to a greater distance. For example viruses and some bacteria like the tubercle bacilli are transmitted in this manner. Coughing, talking and sneezing can produce droplets containing microorganisms. These droplets are propelled a short distance through the air and can deposit on the nasal mucosa or mouth of the host.
2.4.1.2 HEALTH CARE PERSONNELS


Direct contact between body surfaces results in the transfer of microorganisms between a susceptible host and a colonized or infected individual. Health care workers are significant reservoirs of microbes. They carry potentially infectious organisms on their hands, uniforms, aprons which can be passed on to the patient in the course of health care.
2.4.1.3 HOSPITAL INSTRUMENTS, EQUIPMENT AND DEVICES

Medical devices such as endotracheal tubes, ventilators, suction machines and instruments like rectal thermometers, stethoscopes when contaminated by microbes in the air and used on patients becomes sources of nosocomial infections. Furthermore, poor handling and low level of aseptic techniques on these instruments/equipment used by health personnels on patients renders susceptible patients to infection.


Endogenous sources of infection arise from within the body.  The patient is a source of endogenous infection because of the large number of microorganism normally found in and on the body. If these microbes remain in their normal environment and if their numbers are not altered by external factors no infection will develop. The skin is the first line of defense against the entry of microbes into the body. By incising the skin, a portal of entry of pathogenic microorganisms is created and the patient is immediately exposed to the risk of infection. In addition, certain conditions if present may significantly impact a patient’s risk for developing a postoperative wound infection. These include old age, poor nutrition, a compromised immune system. The length of surgery, type of procedure and surgical techniques and extended preoperative hospital stay can also increase the risk of post operative wound infection (Spry, 1997).
PREVENTION AND CONTROL OF NOSOCOMIAL INFECTIONS


To the naked eyes, a healthcare building might look clean. The floors are polished, windows glisten, the trash emptied and there is no apparent dust on the 
furniture. Yet there are millions of potentially dangerous germs on surfaces such as doorknobs, toilet surfaces, bed side tables and private curtains. Germs are everywhere and are especially prevalent in hospitals and clinics. In these critical areas, many patients’ ability to fight infection or disease is dramatically reduced by their weakened immune system from illness or surgery. (Dannette, 2006).


Preventing nosocomial infection is the responsibility of all individuals and services providing health care. Everyone must work cooperatively to reduce the risk of infection for a patient and staff. This includes, personnel providing direct patient care, management, provision of materials and products and training of health workers. Infection control programmes are effective provided they are comprehensive and include surveillance and prevention activities as well as staff training. The administration or medical management of the hospital must provide leadership by supporting the hospital infection programme. They are responsible for;
· Establishing a multidisciplinary control committee,

· Identifying appropriate resources for a programme to monitor infection and 

apply the most appropriate methods for preventing infection,

· Ensuring education to training of all staff through support of programs on the 

prevention of infection in disinfection and sterilization techniques,

· Reviewing, approving and implementing policies approved by the infection 

control of hospital infection. (Girard, et al., 2002).

Physicians have a unique responsibility for the prevention and control of hospital infections:

· By providing direct patient care using practices which minimize infection,

· By following appropriate practice of hygiene for example hand washing, 

isolation,
· Supporting the infection control team.


Specifically, physicians are responsible for:

· Protecting their own patients from other infected patients and from hospital staff 

who may be infected,

· Complying with the practices approved by the infection control committee,

· Complying with the recommendations of Antimicrobial Use Committee 

regarding the use of antibiotics,

· Advising patients, visitors and staff on techniques to prevent the transmission of 

infection,
· Instituting appropriate treatment for any infection they themselves have and 
taking steps to prevent such infections being transmitted to other individuals especially patients. (Girard, et al., 2010).
                     The nurse in charge of a ward is responsible for:

· Maintaining hygiene consistent with hospital policies and good nursing practice 

on the wards

· Monitor aseptic techniques including hand washing. Hand hygiene is the 
cornerstone of infection prevention. Health care workers’ compliance with hand hygiene practices remains low. Enhanced compliance is associated with decreased transmission. 
· Reporting promptly to the attending physician any evidence of infection in 

patients under nurse’s care,

· Limiting patient exposure to infections from visitors, hospital staff, equipment 

used for diagnosis or treatment,

· Maintaining a safe and adequate supply of ward equipment, drugs and patient 

care supplies.

· Paying attention to well established processes for decontamination (Black, 

1996).


To minimize the transmission of microorganisms from equipment and the environment, adequate methods for cleaning, disinfecting and sterilization must be in place. Written policies and procedures which are updates on a regular basis must be developed for each facility. Disinfection removes microorganisms without complete sterilization to prevent transmission of organisms between patients. Disinfection procedures must:
· Meet criteria for killing of organisms

· Act independently of the number of bacteria present, the degree of hardness of 
water or the presence of soap and proteins that inhibit some disinfectants. (Ducel, 2002)


Suggestion holds that hospital textiles especially those that come in contact with the patients such as patients’ sheets, pillowcases, and gowns are an important source of microbes that may infect susceptible patients either by endogenous transmission, indirect contact or through airborne transmission, when these fabrics are handled by the hospital staff. Making these textiles from materials that have potent wide spectrum biocidal properties, an important source of microorganism involved in nosocomial infections would be reduced. Safe biocidal textiles with wide spectrum antimicrobials, antifungal and antiviral properties exist and can be mass produced. The use of biocidal textiles is a simple, cost-affordable and feasible measure that may be especially important in developing countries where infection control measures are not implemented. The reduction of nosocomial infections due to the use of such textiles would reduce prolonged hospitalization, decrease the use of antibiotics and the very high costs associated with nosocomial infection management and prevention and possibly alleviate suffering while saving the lives of many. (Borkow, et al., 2010).

The use of copper-containing alloys may limit the spread of multiple drug resistant bacteria in hospitals thus copper alloy hardwares should be used to minimize bacterial growth on surfaces. The mechanism behind this is that copper is an essential trace element required to interact efficiently with molecular oxygen. Interaction with reactive oxygen species in undesired reactions leads to the production of hydroxyl radicals which rapidly damage cellular macromolecules. Copper cations being released from the metallic copper and reactive oxygen species damage cellular macromolecules (Mikolay, et al., 2010).
2.6
DEFINITION OF TERMS

1.
Susceptible Host:
Someone who is liable to be harmed by a particular thing.

2.
Virulence:
The virulence of a microorganism is the measure of the severity of the disease it is capable of causing

3.
Surveillance: A type of observational study that involves continuous monitoring of disease occurrence within a population.

4.
Intensive Care Unit: A hospital unit in which are concentrated special equipment and skilled personnel for the care of seriously ill patients requiring immediate and continuous attention.

5.
Avert: To turn away

6.
Toxic shock syndrome:
A toxin – mediated acute-life threatening illness usually precipitated by infection with either Staphylococcus aureus characterised by high fever, rash, sever headache.

7.
Biofilm: An aggregate of microbes with a distinct architecture

8.
Prognosis:
A prediction of the probable course and outcome of a disease.

9.
Mechanical Ventilation:
Use of machines called ventilators or respirator to improve the exchange of air between the lungs and the atmosphere.

10.
Equipment: Sets of instruments necessary to carryout a task. Various instruments can be used to trademark one equipment to perform specialised tasks.

11.
Instrument: A tool particularly a refined one intended for a purpose other than mechanical work.



CHAPTER  THREE

METHODOLOGY

3.0 INTRODUCTION
This study was “Bacteriological analysis of hospital equipment/instruments and materials for nosocomial infection” with main goal and objectives to create awareness on nosocomial infections, identify their sources, negative effects, control and prevention and to identify which bacteria pathogen is the most prevalent in nosocomial infections. The research question which was to be answered was “Are hospital equipment/instruments sources of nosocomial infections?
3.1
RESEARCH TYPE AND TIME LINE
The study was a prospective hospital based research from December 2010 to June 2011. A total number of 138 samples were collected and analysed.
3.2
STUDY AREA

The study area was the Saint Elizabeth General Hospital and Cardiac Centre Shisong. Shisong is found in Kumbo Subdivision, the capital of Bui Division in the North West Region of Cameroon. The hospital is situated in the Kumbo East Health District. Shisong has a population of fifteen thousand inhabitants (2002 Census). Two seasons exist through out the year; the rainy and the dry season. The dry season begins from late  October to early March and is characterized by temperature fluctuations which are very cold in the morning and heavy sunshine during the day. During the rainy season which begins from March to October, there are mild temperature changes with rainfall increasing greatly in August, September and early October. The topography is hilly.


The main economic activities in the area are farming and trading. The cultivation of food crops like maize, beans, vegetables are for local consumption and coffee as the main cash crop.


Two Christian denominations exist in this area: Roman Catholic and Baptist.   A greater proportion of the indigens are Roman Catholic by faith with the renowned and Mother Roman Catholic Convent for the Tertiary Sisters of Saint Francis. 

There is a training school for State Registered Nurses and Health Technicians (Catholic School for Health Sciences Shisong), a vocational school, Government Secondary School and Primary Schools that provide sound education for the population in this area.
3.3
ETHICAL CONSIDERATION


Authorization to carry out this research was obtained from the Director of Nursing School of Health Sciences and the Matron of the Saint Elizabeth General Hospital and Cardiac Centre Shisong.

3.4
MATERIALS AND REAGENTS
3.4.1
MATERIALS 


Sterile swabs


Petri dishes


Bijou bottles


Test tubes


Pasteur pipettes


Wire loop


Incubator


Microscope


Refrigerator


Electronic balance


Bunsen burner


Slides

3.4.2  REAGENTS

Crystal violet


Lugol’s Iodine


Dilute Carbol fuchsin


Absolute Alcohol


MacConkey agar


Nutrient agar


Kligler Iron Agar


Disinfectant


Hydrogen Peroxide


Oxidase Reagent


Kovac’s reagent


Normal saline


Pooled Plasma

Distilled water
3.5
SAMPLE COLLECTION AND EXAMINATION

3.5.1
SAMPLE COLLECTION
A sterile swab that was moistened in sterile water so as to increase the chances of picking up microorganisms was used to collect specimens from instruments and equipment that the patients were in direct contact with in the various wards of the hospital. Specimens/samples were collected from sterilized surgical instruments by rotating the moistened swab in a clockwise and anticlockwise direction for a short time, removed and inserted back into the swab case for culture. Other instruments and materials that were swabbed using aseptic techniques were;
Sinks in the wards

Toilet seats and handles

Bedpans

Urinals

Dressing trolley

Dettol solution
3.5.2
METHOD OF CULTURING

Blood agar, chocolate and MacConkey agar were used for the culturing of specimens. The culture plates were dried in the incubator and divided into four parts so that four different specimens were inoculated. The plates were labeled with the various specimen numbers. The specimens were smeared at the corner of each media to form a pool. Using a sterile wire loop that was flamed and allowed to cool, the inoculums was streaked horizontally from the pool and vertically from the horizontal streak and finally in a zigzag manner. This was done near a flame to prevent contamination. Blood and chocolate media were incubated in a Carbondioxide enriched atmosphere at 35 – 370C for 24 hours.

3.5.3
EXAMINATION OF CULTURE

After 24 hours incubation, the plates were examined macroscopically for colonial growth and the features   the colonies posses. Note was taken on the number of colonies, the shape, size, color, opacity, pigment formation, whether colonies on MacConkey agar were lactose fermenting or not. Haemolysis was also observed on blood agar plates. The different colonies were Gram stained to know their Gram reaction and morphology.
3.5.4
MICROSCOPIC EXAMINATION


GRAM STAINING

· A drop of normal saline was put on a clean glass slide.

· Using a sterile wire loop, a colony was picked from the culture place and emulsified on the glass slide to give a thin preparation.

· The smear was allowed to air dry.

· It was fixed by rapidly passing it with the smear uppermost, three times over a Bunsen burner flame.

· The smear was allowed to cool.

· All the stains required for Gram staining were filtered prior to use.

· The slide was placed on a staining rack and the smear was covered with crystal violet stain for 60 seconds.

· The smear was rinsed with tap water and the water was tipped off.

· The smear was covered with Lugol’s iodine for 60 seconds and rinsed.

· It was decolorized with 70% alcohol rinsed and dilute carbol fuchsin was added to stain for 30 seconds.  Stain was washed off with tap water, back of the slide wiped and allowed to air dry.

· The slide was examined microscopically using 100X  objectives.

  MOTILITY TESTING
This was done to detect motile bacteria.  A colony was picked from the culture plate using a sterile wire 1oop.  It was emulsified in a drop of normal saline on a clean glass slide.  A cover slide was placed on it and examined with 10x and 40x objectives of the microscope.
3.6
BIOCHEMICAL TESTS DONE ON ISOLATES.

3.6.1  OXIDASE TEST

·  A piece of filter paper was placed in a clean Petri dish and two drops of oxidase reagent was added onto it.

· Using the edge of a glass slide, a colony of the test organism was picked and smeared on the filter paper.

· It was observed for the development of a blue-purple color within a few seconds.
3.6.2
 INDOLE TEST

· Test organisms were put in a bijou bottle containing 3ml of sterile tryptone water.

· It was incubated at 35 – 37oc for 48 hours.

· 0.5 mL of Kovac’s reagent was added to the test organism, shaken gently and examined for a red colour in the surface of the layer within 10 minutes.
3.6.3 CITRATE TEST

· Using a sterile straight wire, the slope of the agar was first streaked with a saline suspension of the test organism and then the butt was stabbed.

· The medium was incubated at 370C for 48 hours

· It was observed for a bright blue colour which was positive for citrate.

· No change in colour, negative citrate test.
   3.6.4
 CATALASE TEST

This is to differentiate those bacteria that produce the enzyme catalase such as Staphylococci from non-catalase producing bacteria such as Streptococci.
· 2 ml of hydrogen  peroxide solution was put in a test tube.

· Using a wooden stick, several colonies of the test organism was removed and immersed in the hydrogen peroxide solution.

· Immediate bubbling was observed.

· Immediate bubbling indicated staphylococci species.  No bubbling indicated streptococci species. (Bascomb, et al., 1998)
3.6.5
 COAGULASE TEST


This test is used to identify staphylococcus aureus which produces the enzyme coagulase.

Slide Text method (To detect bound coagulase)

·  Drop of distilled water was placed on a slide.

· A colony of the test organism was emulsified on the slide.

· A drop of plasma was added and clumping was observed in 10 seconds.

3.6.6 
KLIGLER IRON AGAR (KIA)

This is a biochemical test which is done based on the fermentation of glucose and lactose, production of gas and hydrogen sulphide. It is used to differentiate bacteria of the Enterobacteriaceae family.

Using a sterile wire, the test organisms were picked from the culture media and inoculated into the slant medium by stabbing the butt and streaking the slope.  It was incubated at 37 oC for 24 hours.  Any color change in the medium was noted and reported;

Where the color of the media showed yellow slant yellow butt it means glucose and lactose were fermented and there was acid production.

Where there was a pink slant, yellow butt it means only glucose was fermented with acid production and alkaline production on the slant.

Where there was pink slant, pink slope means there was no sugar fermentation and alkaline production in both slant and butt. (Cheesbrough, 2000)
Gas production was indicated by cracks in the medium, Hydrogen sulphide production indicated by darkening of the medium.
3.7
PREPARATION OF REAGENTS

3.7.1
 CRYSTAL VIOLET


One litre was prepared

Crystal Violet……………………………………………………………….20g

Ammonium Oxalate…………………………………………………….
9g

Absolute ethanol…………………………………………………………
95ml

Distilled Water……………………………………………………………… to 1 litre

20 g of crystal violet was weighed using an electronic balance. A clean sheet of paper of known mass was used. The crystal violet was transferred into a brown bottled premarked to hold 1 litre. 95ml of absolute ethanol was added in the bottle and mixed until completely dissolved. Care was taken by measuring this chemical away from flame because ethanol is highly flammable. 9g of ammonium oxalate was weighed and dissolved in 200ml of distilled water and added to the stain. Distilled water was added to one litre. The stain was well mixed, labeled and stored at room temperature. (Cheesbrough, 2000).
3.7.2
LUGOL’S IODINE

Potassium Iodide …………………………………………………
20g


Iodine……………………………………………………………………
10g


Distilled water


Potassium iodide was weighed (20g) using an electronic balance and transferred to a brown bottle. Distilled water was added about one quarter the volume of water and mixed until it was completely dissolved. 10g of iodine was weighed and added to the potassium iodide solution, mixed until the iodine was dissolved. Distilled water was added up to the one litre mark of the bottle. It was labeled and stored in a dark cupboard at room temperature. (Cheesbrough, 2000)
3.7.3
70% ALCOHOL


95%  alcohol was used to prepare 70% alcohol using the formula


RC X RV


      OC

Where RC = Required concentration


RV = Required volume of dilute solution


OC = Original concentration of solution

From 95% alcohol provided which is the original concentration of solution (OC)


RC = 75%


RV = 100ml


       = 70% x 100ml


     95%


   = 73.6ml
A 100ml measuring cylinder was used to measure 73.6ml of 95% alcohol. The volume was made up to 100ml using distilled water. It was then transferred in a bottle corked, labeled and stored. Preparation was done away from a flame because alcohol is highly flammable.
3.7.4
  CARBOL FUCHSIN

Basic Fuchsin ………………………………………..  10g


Ethanol (95%) ……………………………………… 100ml


Phenol ………………………………………………… 50g


Distilled water…………………………………….. 1litre


Using an electronic balance 10g of basic fuchsin was weighed and transferred into a bottle of 1.5litre. The ethanol was measured using a measuring cylinder and added to the bottle, mixed at interval until the basic fuchsin was completely dissolved. Phenol (50g) was weighed and put in a beaker and a measured quantity of distilled water was used to dissolve the phenol in a beaker. It was then transferred to the bottle of stain and mixed.  A face mask was put on before weighing the phenol because phenol is highly toxic and corrosive. The remaining part of the distilled water was added to the bottle and well mixed. The stain was labeled and stored at room temperature. (Cheesbrough, 2000).
Dilute Carbol Fuchsin was prepared from the strong Carbol Fuchsin by measuring 900ml of the strong Carbol fuchsin and adding 100ml distilled water.
3.7.5
MACCONKEY AGAR

5.2g of the powder was weighed and put in conical flask that can be stoppered.  100ml of distilled water was added and well mixed to dissolve. It was sterilized by autoclaving at 1210C for 15 minutes. After sterilization, the medium was allowed to cool to 50 – 550C, mixed and dispensed aseptically in sterile Petri dishes. Dates of 
preparation was written on the plates and stored in the refrigerator at 2 – 80C. (Cheesbrough, 2000).
3.7.6
BLOOD AND CHOCOLATE AGAR


2.8g of nutrient agar was weighed and dissolved in 100ml of distilled water in a conical flask, mixed well to dissolve. The agar was corked loosely and sterilized by autoclaving at 1210C for 15 minutes. The agar was allowed to cool at 50 – 550C and 10% sterile defibrinated blood was added aseptically. It was well mixed and dispensed in 20ml amount in sterile Petri dishes. The plates were labeled with date of preparation and stored at 2 – 80C.

For chocolate agar after sterilizing the nutrient agar at 1210C for 15 minutes, the media was put in a water bath at a temperature of 800C. 10% sterile defibrinated blood was added and mixed until a chocolate colour is observed. The media was removed and dispensed into petri dishes in 20ml amount near a flame. It was allowed to gel, labeled and stored at 2-80C in the refrigerator (Baker, et al., 2001).
3.7.7
KLIGLER IRON AGAR 


5.5g of powder was weighed and dissolved in 100ml of distilled water. The media was put in a bottle and sterilized by autoclaving at 1210C for 15 minutes. After sterilization it was aseptically dispense in 3ml amount in tubes and the tubes were placed in slanting position such that after solidification a slope and a butt are formed. It was labeled and stored at 2 -80C
3.7.8
OXIDATE REAGENT


Tetramethyly – P – Phenylenediamine …………………….. 0.1g


Distilled water……………………………………………….. 10ml

0.1g of the powder was dissolved in 10ml of distilled water. This reagent was prepared immediately before use because it is not stable.  (Cheesbrough, 2000).

3.7.9
PEPTONE WATER

Peptone ……………………………………………………………… 1g


Sodium Chloride…………………………………………………… 0.5g


Distilled water………………………………………………………. 100ml


Weigh 1g of peptone powder and 0.5g of sodium chloride and dissolve in 100ml distilled water. Dispense in 3ml amount in screw-cap bijou bottles. Sterilize by autoclaving with caps loosened at 1210C for 15 minutes. When cool, tighten the bottle caps. Date the medium and store in a cool dark cupboard (Baker, et al., 2001).
3.7.10  KOVAC’S REAGENT

4-Dimethylaminobenzaldehyde……………………………….. 

4g

Concentrated Hydrochloric acid  …………………………… 

40ml

Distilled water………………………………………………..

160ml


Weigh 4g of 4-Dimethylaminobenzaldehyde and transfer into a leak-proof brown bottle. Add 160ml of water to the chemical in the bottle. Measure 40ml of concentrated hydrochloric acid and add to it and mix. Preparation was done in a well ventilated room and spillage onto body surface was avoided by wearing gloves because hydrochloric acid is corrosive. The bottle was labeled and stored at room temperature.
3.7.11
  HYDROGNE PEROXIDE (3%)

Hydrogen peroxide………………………………………. 
1ml

Distilled water…………………………………………… 
9ml

9ml of distilled water was measured and transferred into a clean bottle. 1ml of hydrogen peroxide was added. The bottle capped and mixed. It was labeled and stored at 2-80C
3.7.12
  PHYSIOLOGICAL SALINE

Sodium Chloride………………………………….. 
0.85g


Distilled water……………………………………. 

100ml


0.85g of sodium chloride was weighed using an electronic balance. It was transferred into a conical flask that can hold 100ml. 100ml of distilled water was measured and added to the salt, mixed and allowed to dissolve. The solution was transferred into a bottle labeled and stored at room temperature.
3.7.13
  DISINFECTANT (0.5% BLEACH)


10  bleach = 0.3%

PH2O = %C0

%C1
Where C0 = Original concentration


C1 = Required concentration

120 bleach was used ; since 10 bleach = 0.3%,

120 bleach = 12 x 0.3% = 3.6%

PH2O =   3.6%



   0.5%
= 7.2 – 1 = 6.2

To one part of 120 bleach, 6 parts of water was added to give a 1:7 dilution.
3.8   QUALITY CONTROL

Distilled water that was used to moisten the swab before specimen collection was sterilized by autoclaving and the autoclave tape was used to check for the efficacy of sterilization. After sterilization, the water was again cultured in blood agar to ensure that no bacterial contaminants were present.

Quality assurance was maintained by weighing appropriately the quantity of agar needed, dissolving in the required amount of distilled water and sterilized by autoclaving at 1150C for 20 minutes before dispensing in the plates. Instructions for reagent preparation and staining procedures were strictly followed. There was proper storage of these reagents and culture media. Specimens were collected using sterile swabs and inoculated immediately under aseptic conditions. All these were done to ensure relevant and reliable results.
3.9   LIMITATIONS AND DELIMITATIONS

3.9.1  LIMITATIONS

The limitations for this study were:

· Other microorganisms that could cause nosocomial infections like viruses were not isolated due to the lack of special culture techniques which were required for the isolation of viruses.

· In order to minimize cost of materials, a single culture media was used to inoculate four different specimens

3.9.2   DELIMITATIONS

- There was available human resource from classmates who assisted
- Cooperation from ward charges was maximum

- Site of specimen collection and analysis was close
CHAPTER  FOUR 
RESULTS, ANALYSES AND INTERPRETATION
4.0 INTRODUCTION

A total of 138 samples were collected from instruments/equipment in the various wards of the St. Elizabeth General Catholic Hospital and Cardiac Centre Shisong and analyzed for bacteria/fungi contamination. 62 (44.92%) samples demonstrated observable growth while 76 (55.1%) presented with no growth. 47 of the samples that showed observable growth presented with pathogenic bacteria giving a percentage prevalence of 34.1% while 24 samples presented with non-pathogenic organisms with a percentage of 17.4%.

With respect to materials sampled, instruments and equipment had 00%, sink traps 18.11%, sink handles 2.9%, door knobs 5.8%. Toilet surfaces had 10.9% prevalence, Bed linens 2.9%, bedpans 0.7% and urinals 2.2% prevalence.

The following departments of the hospital were sampled; Men’s Medical Ward (12.3%), Female’s Medical Ward (7.2%), Surgical Ward (11.6%), Children’s Ward (1.4%), Maternity Ward (5.1%), Gynecological Ward (2.9%), General Ward (2.9%) and Cardiac Centre males and females Ward (2.9%).

From these departments, the following bacteria species were isolated. Staphylococci species (50.7%), Escherichia coli (5.8%), Micrococci species (4.3%), Pseudomonas aeruginosa (2.9%), Yeast cells (2.9%), Serratia species (1.4%), Lactobacilli (4.3%) and Diphtheroids (27.5%).
4.1 ANALYSES

4.1.1 TABLE I: Overall Percentage of Bacteria Isolated from various Departments.
	NO of Samples
	NO Positive
	NO Negative
	% Prevalence

	138


	62
	76
	44.92



From the above table, out of the 138 samples collected, 62 demonstrated observable growth giving a percentage prevalence of 44.92% while 76 showed no growth.
4.1.2 TABLE II: Prevalence of Bacteria Contaminants According to Department:
	Departments
	No.  Positive
	No.  Negative
	Total 

No. Analyzed
	Prevalence (%)

	MMW
	17
	11
	28
	12.3

	FMW
	10
	6
	16
	7.2

	CHW
	2
	11
	13
	1.4

	SW
	16
	23
	39
	11.6

	MAT
	7
	5
	12
	5.1

	GYN
	4
	5
	9
	2.9

	GEN
	2
	5
	7
	1.4

	CC
	4
	10
	14
	2.9

	Total
	62
	76
	138
	43.4
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Figure 2:
Histogram of prevalence of Bacteria contaminants according to Departments.


From the 138 samples collected, 28 were from the men’s medical ward where 17 samples presented with observable growth giving a percentage prevalence of 12.3 while 11 samples showed no observable growth. Surgical ward had 39 samples analyzed where 16 (11.6%) showed positive growth while 23 samples showed no growth. The ward with the lowest prevalence was children’s ward (1.4%) and general ward (1.4%).


Using X2 independence test with degree of freedom = 7 and level of significance (() = 0.05, X2 tabulated = 14.067 while X2 calculated = 11.41. Therefore there is enough prove to show that the prevalence of bacteria contaminants is not dependent on departments. This is because all the departments followed almost the same infection control practices.
4.1.3 TABLE III: Department Versus Bacteria Species Isolated
	Departments
	Staph. Species
	BACTERIAL SPECIES
	Lactobacilli
	Diph

Theroids

	
	
	Esch. Coli
	Pseud. aerugino
	Micro-

Cocci 
	Serratia Species
	Yeast cells
	
	

	MMW
	11
	2
	-
	1
	-
	-
	-
	3  

	FMW
	7
	-
	-
	-
	-
	1
	1
	5 

	CHW
	1
	-
	-
	-
	-
	-
	-
	1  

	SW
	9
	1
	1
	-
	-
	-
	1
	5  

	MAT
	3
	-
	-
	-
	-
	1
	2
	2  

	GYN
	4
	-
	-
	-
	-
	-
	-
	1  

	GEN
	-
	-
	1
	-
	1
	-
	-
	1   

	CC
	-
	1
	-
	2
	-
	-
	-
	2  

	Total
	35
	4
	2
	3
	1
	2
	4
	20



The table above shows that Men’s Medical Ward and Surgical Wards presented with the highest number of bacteria species in the various instruments/equipment analyzed. This was closely followed by females’ medical ward. The wards that presented with the lowest number of bacteria contaminants were general ward and children’s wards. The increased number of bacteria pathogens in the men’s medical ward was due to improper routine cleaning of the wards facilities like the sinks, toilet surfaces. There was no use of an effective disinfectant on these materials during cleaning.
4.1.4 TABLE IV: Prevalence of Bacteria Contaminants according to materials sampled.
	Materials Sampled
	NO Positive
	NO Negative
	Total NO Analyzed
	Prevalence (%)

	Sink Trap
	25
	3
	28
	18.11

	Sink Handle
	4
	28
	32
	2.9

	Door knobs
	8
	2
	10
	5.9

	Toilet surfaces
	15
	3
	18
	10.9

	Surgical instruments
	00
	14
	14
	00

	Urinals
	3
	3
	6
	2.2

	Bed pans
	1
	9
	10
	0.7

	Bed linens
	4
	6
	10
	2.9

	Thermometer solution
	00
	10
	10
	00

	Total
	60
	78
	138
	43.5
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Figure 3:
Histogram of the prevalence of bacterial contaminants according to materials.

From the 138 samples collected 28 were swabbed from sink trap, where 25 presented with bacteria contaminants with a percentage prevalence of 18.11. Toilet surfaces had a percentage prevalence of 10.9 where 18 toilet surfaces where sampled and 15 showed bacteria contaminants. 10 door knobs were sampled and 8 were contaminated with a prevalence of 5.9% while 32 sink handles sampled showed that 4 were contaminated with a prevalence of 2.9%. The surgical instruments and thermometer solution showed no bacteria contamination possibly due to effective sterilization procedures and good antiseptic solutions used. The sink traps showed a high  bacteria contamination because they serve as reservoirs of microbes from hand washing and other activities carried out in the wards by patients and care takers.  Door knobs and sink handles which are held by the hands during opening and closing can transfer millions of microbes from one person to the other.

Using X2 independence test with degree of freedom = 8 and ( = 0.05, X2 tabulated = 15.507 while X2 calculated = 76.5 indicating that there is enough evidence to prove that the prevalence of bacterial contaminants is dependent on the types of materials sampled.
4.1.5 TABLE V: Materials analysed versus bacteria species isolated.
	Materials
	Staph. Species
	Esch. coli
	Pseudomonas
	Micrococci
	Serratia
	Yeast cells
	Lactobacilli
	Diphtheroids
	Total

	Sink Trap
	11
	4
	1
	2
	1
	0
	0
	9
	28

	Sink Handle
	3
	0
	0
	0
	0
	0
	0
	1
	4

	Door knobs
	9
	0
	0
	0
	0
	0
	0
	1
	10

	Toilet surfaces
	6
	0
	0
	1
	0
	2
	3
	6
	18

	Surgical instruments
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Urinals
	3
	0
	1
	0
	0
	0
	0
	0
	4

	Bed pans
	0
	0
	0
	0
	0
	0
	0
	1
	1

	Bed linens
	3
	0
	0
	0
	0
	0
	0
	1
	4

	Thermometer solution
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total 
	35
	4
	2
	3
	1
	2
	3
	19
	69



The above table shows that sink traps were the first hospital materials that were highly contaminated with Staphylococcus aureus being the highest followed by Escherichia coli and the least bacteria was Serratia species. This was followed by toilet surfaces and doorknobs with Staphylococcus aureus still indicating with the highest bacterial contamination followed by yeast cells for toilet surfaces. Sink traps showed the highest contamination because these serves as reservoirs of bacteria from washed hands and utensils of patients and caretakers in the wards. Since these sinks were not routinely cleaned and disinfected they become reservoir of most microbes which can in turn be a source of infection. The numerous microbes passed out by patients and caretakers during toiletry resides on toilet surfaces and since these surfaces were not properly washed and disinfected, the bacteria multiply and become potential sources of contaminants. The surgical instruments and thermometer solutions showed no bacteria contamination because these instruments were sterilized before used and the thermometers were immersed in a solution of disinfectant showing that the sterilization and disinfecting procedures were effective.
4.1.6 TABLE VI: Prevalence of the individual Bacteria isolates
	Bacteria Isolated
	No Positive
	Prevalence (%)

	Staphylococcus species
	35
	50.7

	Escherichia coli
	4
	5.8

	Pseudomonas aerugninosa
	2
	2.9

	Micrococci species
	3
	4.3

	Serratia species
	1
	1.4

	Yeast cells
	2
	2.9

	Lactobacilli
	3
	4.3

	Diphtheroids
	19
	27.5

	Total
	69
	100%


[image: image2.png]60

50

40

30

20

10

B NoPositive

W Prevalance (%)








Bacterial Isolates

Figure 4: Histogram of the prevalence of individual bacterial isolates.

The above table shows that Staphylococcus species was the bacteria isolate that showed the highest prevalence (50.7%) as far as bacteria contamination of instruments and materials were concern. The high prevalence here might be due to the fact that staphylococci are normal commensals on the skin which are often shed on bed linens when patients lie on their beds or they are removed from the hands and the body to the sinks and baths during hand washing and bathing respectively. When these organisms change their normal habitat and harbors in different sites of the body, they can cause infection. Also some strains of staphylococci are resistant to most antibiotics like the MRSA and this resistance has made them to be predominant in most hospital environment. 


Using degree of freedom = 7 at 0.05 significance level x2 tabulated = 14.067 and x2 calculated = 0.002 showing that there is no preference for bacteria isolates on hospital instruments and materials. That is there is no particular bacteria isolate (species) that can contaminate hospital materials. Once these materials are poorly handle by not washing, disinfecting and storing them properly, any bacteria species can contaminate these materials.
CHAPTER  FIVE

DISCUSSION, RECOMMENDATIONS AND CONCLUSION

5.0 DISCUSSION

This study was carried out at the Saint Elizabeth’s Catholic General Hospital and Cardiac Centre Shisong. Being the first of its kind in this institution, the researcher aimed at tracing the sources of nosocomial infections and identifying the bacteria pathogens that were most prevalent and possible measures to control and prevent their spread.


The pathogens isolated within this study were; Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Micrococci species, Serratia species. Several factors such as immune status of patient, microbial agent and environment influence the spread of nosocomial infections. The prevalence of bacterial contamination on hospital instruments/equipment and materials was 34.1%. This result was lower than that of Nzeako and colleagues (2006) who carried out a similar study at the Sultan Qaboos University Hospital Oman on 100 swab specimens collected from children’s toys, sinks, door handles, telephone handsets and came out with a prevalence of 61%. This variation was due to the difference in the level of sanitation in the two countries, and also environmental differences.


Staphylococcus aureus was the most frequently isolated pathogen in the course of the study with a percentage prevalence of 50.7 (Table VI). This was in line with one study carried out by Frances Marie and colleagues on “Stethoscope; A Potential Source of Nosocomial Infections” at the Santo Tomas University with Staphylococcus aureus giving a percentage prevalence of 57. Also Marinella and colleagues from the University of Michagan Medical Centre demonstrated that 100% of Stethoscopes sampled from health care workers were contaminated with coagulase negative Staphylococci and other bacteria. The increase in the prevalence of this pathogen was due to the fact that it is a normal commensal of the skin, nostrils which is easily shed unto other hospital materials like sinks, toilet surfaces during hand washing and bathing. These serve as reservoirs of infectious agents. Those on the bed linens can be released to the air as aerosols during bed making which can be inhaled or fall on open wounds. Furthermore, most strains of Staphylococci have developed mechanisms of resistance to most antibiotics and can thrive in most hospital environments.
5.1
CONCLUSION

The prevalence of bacterial contaminants on hospital instruments/equipment and materials at the Saint Elizabeth’s Catholic General Hospital and Cardiac Centre Shisong is significant and thus measures to control and prevent its spread should be highly considered.


Staphylococcus aureus presented with the highest prevalence (50.7%) among the other bacteria isolated indicating a high chance of contamination with this bacterium which has been identified as the main nosocomial pathogen in hospital setups.  Hence proper cleaning and disinfection of equipment/instruments and materials used in the hospital and avoidance of unnecessary exposure of Staphylococcus aureus to antibiotics in the hospital environment should be respected.
5.2 RECOMMENDATIONS

To reduce the rate of spread of nosocomial infections among patients and hospital personnel, the following measures should be followed strictly;

· There should be education and training of all hospital staff through supportive academic programs such as seminars or health talks on prevention of nosocomial infections through proper disinfection techniques.

· Hand washing after every patient care, the use of single disposable gloves per patient should be respected.

· The hospital should employ the use of biocidal textiles which will kill most of the bacteria found on bed linens.

· Sinks and toilet surfaces should be furnished with metallic copper alloys because copper cations are released from metallic copper which react with oxygen producing species, damaging cellular macromolecules.

· Another study should be carried out on a single hospital material to determine whether there will be a significant difference of contamination according to wards.
REFERENCES
Anderson, Nester, & Pearsal. (2004). Microbiology A Human 


Perspective. McGrawhill: New York. 4th Edition.

Anton, Y. P. and Hooper, D. C. (2010). Hospital Acquired Infection due 


to Gram Negative Bacteria. New England Journal of Medicine.
Ayesha, M. and Haidee, T. (2010). Hospital – Acquired Infections. 
Pediatric Infectious Diseases. Florida.

Baker, F., Silverton, R. & Pallister, C. (2001). Introduction to Medical Laboratory  Technology.
 Nigeria.  7th Edition.

Black, W. (1978). Precipitate produced by  Serratia marcescens on 



MacConkey. Journal of Clinical Microbiology. Vol. 8.Page 496 – 499

Brooks, G. F., Butel, J. S. & Ornston, N. L. (1995). 

Medical Microbiology. USA: University of California, San Francisco. 20th Edithon.

Burkitt, H., G., Clive, R., G. & Reed, J., B., (2007). Essential Surgery; Problems, Diagnosis and 

  Management. Retrieved 12th April, 2011 from http://www.book123.net.
Charles, P. D. (2011). Escherichia coli 0157: H7 Infection. Retrieved 15th 


May, 2011 from http://www.medicinenet.com
Cheesbrough, M. (2000). District Laboratory Practice in Tropical 


Countries. London: Cambridge University Press. 1st Edition.

Colliei, M. (2004). Recognition and Management of Wound Infection.


United Lincolnshire Hospitals NHS Trust: Sibsey. 1st Edition.

Francis, M., Edwin, R. & Remedios, F. (2000). Stethoscopes A 

Potential Source of Nosocomial Infections. Section of Infectious Disease and Tropical Medicine.

Gadi, B. and Gabbay, J. (2010). Preventing Pathogens Proliferation and

Reducing Potential Sources of Nosocomial Infections. The Open Biology Journal. Vol. 3 
Girard, R. Perraud, M. Puss A., Tikhomirov, E., Thuriaux, M., & 

Vanhem, P. (2002). Prevention of Hospital Acquired Infection. A Practical Guide. WHO. 2nd Edition.

Hardy, P. S. (2002). Human Microbiology.  London and New York:University of Brighton, UK.

Inweregbu, K. Juyshree, D. & Pittard, A. (2011). Continuing Education

In Anaesthesia, Critical Care and Pain. The British Journal of Anaesthesia. Oxford University Press.

McClatchey, K. (1994). Clinical Laboratory Medicine. Victoria: Baltimore, Maryland. 1st Edition.

Mikolay, A. and Huggett, S. (2010). Survival of Bacteria on Metallic 

Copper Surfaces in a Hospital Trial.
Retrieved 16th April, 2011 from  http://www.antimicrobialcopper.com/uk/0000
Pittet, D. (2010). Guide to Infection Control in the Hospital. International 


Society for Infectious Diseases. 4th Edition.

Spry, C. (1997). Essentials of Perioperative Nursing. 

Retrieved 28th April, 2011 from http://www.amazon.com.

Standard Unit Evaluations and Standard Laboratory (2007). Identification

of Staphylococci, Micrococci and Rothia Species Centre for Infections No. 2.1, Page 5. Retrieved 6th June, 2011 from 


http://www.hpa-standardmethods.org.uk/pdf_sops.asp.

Sulav, S. (2010). Staphylococcus aureus; Laboratory Diagnosis and 

Diseases. Retrieved 23rd April, 2011 from http://medchrome.com /mbbs-exams/

Trepata, R., and Edberg, S. (1984). Rapid Isolation and Identification of


Escherichia coli.  Journal of Clinical Microbiology. 
Weller, B. (2000). Bailliere’s Nurses’ Dictionary. Royal College of 


Nursing: London. 23rd Edition.






                                Prevalence








Prevalence








55

