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ENVIRONMENTAL SOURCES

The present study used questionnaires to collect data from 31 heads wards and
208 nurses in wards at Maharat Nakhon Ratchasima Hospital. The samples were also
collected from various environmental sources within wards in 2 periods that provided
total 823 samples (408 samples in period 1 and 415 samples in period 2) for
comparison between number of species of Pseudomonas (Ps.) (Ps. aeruginosa, Ps.
cepacia, Ps. mallei, Ps. pseudomallei and Ps. maltophelia), Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli and Enterobacter cloacae found in the wards
before and after giving knowledge to nurses in wards about standard precautions,
control and prevention of microorganisms spreading. The environmental sources
within wards of these microorganisms were also studied. Pseudomonas species found
in the environmental sources within wards were analyzed whether they were
associated with human diseases. Moreover, 3 diluted chemical disinfectants which
were commonly used in ward’s stock at Maharat Nakhon Ratchasima Hospital were
also collected from wards to test for their bactericidal efficiency.

The results of this research showed that number of species of microorganisms

were not different between before and after giving the knowledge to nurses in wards.



Pseudomonas species that were found in the selected environmental sources within
wards were Ps. aeruginosa and Ps. maltophelia which were associated with human
diseases. Microorganisms were found in every environmental source within wards
except in 70% alcohol and providine® antiseptic solution. From the bactericidal
efficiency test, Ps. aeruginosa ATCC 15442 was killed by sodium hypochlorite (1:20)
but not savlon® (1:100) and pose-cresol®. The efficiency test was then repeated again
for the poor efficient chemical disinfectants immediately after diluted by
pharmaceutical department. It was found that savlon® (1:100) could kill Ps.
aeruginosa ATCC 15442 only within 48 hours while it stated to be expired 7 days
after dilution. Pose-cresol® could not kill Ps. aeruginosa ATCC 15442 within 24

hours while it stated to be expired 30 days after dilution.
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CHAPTER 1

INTRODUCTION

1.1 Background / Problem

Nosocomial infection refers to infection acquired in hospital by a patient
who was admitted for a reason other than that infection. An infection occurs in a
patient 48 hours or more after hospital admission or within 30 days after discharge.
This includes infections acquired in the hospital but appearing after discharge or after
admitted 48 hours (Bruce, 1987). Infections are considered nosocomial.

Nosocomial infections are significant problems throughout the world and
keep increasing each year (Alvarado, 2000). For example, nosocomial infection rates
range from as low as 1% in a few countries in Europe and the America to more than
40% in parts of Asia, Latin America and sub-Saharan Africa (Lynch, 1987).
A prevalence survey involving 55 hospitals in 14 developing countries in four WHO

regions (Europe, Eastern Mediterranean, South-East Asia and Western Pacific

showed 8.7% of nosocomial infections (Tikhomirov, 1987).

In Thailand, the nocosomial infection surveillance in 1988 reported 11.7% of
incidence rate and 7% of mortality rate or 14,000 cases. It lost about 1,000 million
bahts per year (Danchaivijitr and Choklolkaew, 1988). According to Maharat Nakhon
Ratchasima Hospital reported on 4™ July 2006, showed 106 cases of nocosomial

infections from 1,089 admitted cases (Maharat Nakhon Ratchasima Hospital, 2006b).



The lung infections currently accounted for 15% of all hospital-acquired
infections in the United States (Centers of Disease Control, 1986). Nosocomial
pneumonia was associated with mortality ranging from 20 to 50% and was the most
common fatal nosocomial infections.

On the basis of epidemiologic studies, it is estimated that about 15% of all
hospital-associated deaths are directly related to hospital-acquired pneumonia. Any
reduction in the incidence and mortality from this particular infectious complication
will have a major impact upon hospital-associated mortality (Gross, Neu,
Aswapokee, Van, and Aswapokee, 1980).

Pseudomonas (Ps.) aeruginosa has become a major cause of hospital-acquired
infection. The treatment for Ps. aeruginosa infection is difficult, in part because of
this organism’s antibiotic resistance is common and is becoming more widespread
(Wistreich and George, 1998). Ventilator-associated pneumonia research unit of
Maharat Nakhon Ratchasima Hospital reported that 24 cases of Ps. aeruginosa were
isolated from 88 infected cases and mortality rates from Ps. aeruginosa were 17 cases
from 68 cases (Maharat Nakhon Ratchasima Hospital, 2006b) and second meticillin
drug resistance was 19% in 2005 and 21% in 2006 (Maharat Nakhon Ratchasima
Hospital, 2006a). Therefore, investigation of Ps. aeruginosa and other Ps. species
have been done for developing the preventive measures to reduce the incidence

and spread of Ps. species at Maharat Nakhon Ratchasima Hospital.



1.2 Research Objectives

1. To compare number of species of microorganisms cultured from
the environmental sources in common wards before and after giving the knowledge
to nurses in wards about standard precaution, control and prevention of
microorganisms spreading at Maharat Nakhon Ratchasima Hospital.

2. To study species of Pseudomonas that associated with human diseases
from the environment in common wards at Maharat Nakhon Ratchasima Hospital.

3. To study Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli
and Enterobacter cloacae in various environmental sources within common wards at
Maharat Nakhon Ratchasima Hospital.

4. To study the bactericidal efficiency of diluted chemical disinfectants used in

wards at Maharat Nakhon Ratchasima Hospital.

1.3 Scope and Limitations of the Study

1. In this study, the specimens were collected and cultured for Pseudomonas
spp., Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli and
Enterobacter cloacae from the environmental sources in common wards at Maharat
Nakhon Ratchasima Hospital. This study was divided into 2 periods: before and after
gave knowledge to nurses in wards about standard precaution, control and prevention
of microorganisms spreading. The comparison between number of species of
Pseudomonas spp., Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia

coli and Enterobacter cloacae in these 2 periods was performed.



2. Pseudomonas species in this study were concentrated to common species that
associated with human diseases which were Ps. aeruginosa, Ps. cepacia, Ps. mallei,
Ps. pseudomallei and Ps. maltophelia.

3. Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli and
Enterobacter cloacae in various environmental sources within wards at Maharat
Nakhon Ratchasima Hospital were also studied.

4. Diluted chemical disinfectants used in wards at Maharat Nakhon Ratchasima
Hospital were studied for Ps. aeruginosa resistance. These disinfectants were

Savlon® (15% chlorhexidine gluconate: 15%cetrimide) was diluted
with steriled water in a ratio 1:100.

Five gm. pose-cresol® was diluted with 1,000 ml. distilled water.

Sodium hypochlorite was diluted with water from faucet aerator in a

ratio 1:20.

1.4 Expected Benefits

1. The finding of Pseudomonas spp., Acinetobacter baumannii, Klebsiella
pneumoniae, Escherichia coli and Enterobacter cloacae in environmental sources
within wards will promote awareness to nurses for strict precaution not to spread
pathogens to patients.

2. Reduction in number of species of Pseudomonas spp., Acinetobacter
baumannii, Klebsiella pneumoniae, Escherichia coli and Enterobacter cloacae in
common wards will be found after giving knowledges to nurses in wards about

standard precautions, control and prevention of microorganisms spreading.



3. The data about Pseudomonas spp., Acinetobacter baumannii, Klebsiella
pneumoniae, Escherichia coli and Enterobacter cloacae which were yet found in
environmental sources within wards after the second repeated examination will
inform the head of Infection Control for control management.

4. The efficiency of the diluted chemical disinfectants used in wards at Maharat

Nakhon Ratchasima Hospital should be frequently checked.



CHAPTER 11

LITERATURE REVIEW

Nosocomial infections add to functional disability, emotional stress and may,
in some cases, lead to disable conditions that reduce the quality of life. In addition,
nosocomial infections have now become one of the leading causes of death (Ponce-
de-Leon, 1991).

A characteristic of the gram negative nonfermenters, Ps. aeruginosa
infection most often occurs in a hospital setting. Several clinical conditions are highly
correlated with Ps. aeruginosa infection, including cystic fibrosis, burns, urinary
catheters, cancer chemotherapy, or any other conditions which reduce the patient’s
immune responses. From any such infection, the patient may develop Ps. aeruginosa
pneumonia or bacteremia. These conditions are serious and have mortality rates on
the order of 60 to 70%. It is estimated that more than 90% of deaths in cystic fibrosis
patients are due to Ps. aeruginosa. Ps. aeruginosa is a regular cause of external otitis
(outer ear infection), sometimes refers to as “swimmer’s ear”. Ps. aeruginosa
infection of the eye is a serious condition that may lead to perforation of the cornea
with subsequent loss of the eye. Pseudomonas infection of the skin can occur in
persons who bathe in contaminated hot tubs (Marcus, Donald, and Richard, 1997).

There are more than 300 spp. within the genus Pseudomonas, but of these
only a few are commonly associated with human disease. Ps. pseudomallei and Ps.

mallei differ from others of this genus in that they are primary pathogens and are



extremely virulent. Ps. pseudomallei is endemic in Southeast Asia, but infections
outside of that area are uncommon. The three Pseudomonas most frequently seen in
human disease are Ps. cepacia, Ps. maltophelia and Ps. aeruginosa. About two-thirds
of all the clinically significant isolates of nonfermentative gram negative bacilli are

Ps. aeruginosa (Marcus et al., 1997).

Pseudomonas is a clinically significant and opportunistic pathogen, often
causing nosocomial infection. In addition to cause serious and often life-threatening
diseases, these organisms exhibit innate resistance to many antibiotics and can
develop new resistance after exposure to antimicrobial agents. Some Pseudomonas
spp. that previously were considered to be the causative agents of old diseases now
are being reexamined for their potential use as biological warfare agents. The current
classification of the genus Pseudomonas is divided into 5 groups based on ribosomal
RNA (rRNA)/DNA homology. More than 20 species of Pseudomonas that have been
found from human clinical specimens, the 5 representative organisms are as
follow:

Ps. aeruginosa
Ps. cepacia

Ps. mallei

Ps. pseudomallei

Ps. maltophilia



Pathophysiology

Ps. aeruginosa

Although Ps. aeruginosa was a common human saprophyte, it rarely causes
disease in healthy persons. Most infections with this organism occur in compromised
hosts. Examples of compromising conditions include disrupted physical barriers to
bacterial invasion (e.g.: burn injuries, 1V lines, urinary catheters, dialysis catheters,
endotracheal tubes) and dysfunctional immune mechanisms, such as those occurring
in neonates, cystic fibrosis (CF), AIDS, neutropenia, complement deficiency,
hypogammaglobulinemia and iatrogenic immunosuppression. The pathogenesis of
this organism is multifaceted and involves various toxins and proteases (e.g.: exotoxin
A, lecithinase) and the glycocalyx “slime”. Pseudomonas infection occurs in 3 stages:
(1) bacterial attachment and colonization, follows by (2) local invasion and (3)
dissemination and systemic disease. In healthy children, disease is limited primarily to
the first 2 stages (as in diseases such as otitis externa, urinary tract infections (UTIs),
dermatitis, cellulitis, and osteomyelitis), although recent case reports describe
bacteremia, sepsis, and Gl infections in previously healthy children. In
immunocompromised hosts, including neonates, infection can progress rapidly
through the 3 stages and cause pneumonia, endocarditis, peritonitis, meningitis,
ecthyma gangrenosum (EG), and overwhelming septicemia (Pollack and Young,
1979).

Ps. cepacia

In 1949, Walter Burkholder of Cornell University first described Ps. cepacia
(now known as Burkholderia cepacia) as the phytopathogen responsible for

the bacterial rot of onions. In the 1950s, Ps. cepacia was first reported as a human



pathogen that caused endocarditis. Subsequently, the organism has been found in
numerous catheter-associated UTIs, wound infections, and IV catheter—associated
bacteremias. In 1971, this species was reported as the causative organism of foot rot
in US troops on swamp training exercises in northern Florida; it also was isolated
from troops served in Vietnam's Mekong Delta. In 1972, Ps. cepacia was discovered
as an opportunistic human pathogen in a patient with CF. Since then, Ps. cepacia has
emerged with increasing frequency as the cause of pneumonia and septicemia in
children with CF.

Ps. mallei

Ps. mallei (now known as Burkholderia mallei) causes glanders, a serious
infectious disease of animals (primarily horses, although it also has been isolated in
donkeys, mules, goats, dogs, and cats). Transmission was believed to occur through
direct contact. Glanders transmission to humans was rare and presumably occurs
through inoculation of broken skin or the nasal mucosa with contaminated discharges.
Manifestation of the disease in humans varies, ranging from an acute localized
suppurative infection, acute pulmonary infection, or acute septicemia infection to
chronic suppurative infection. Fulminant disease with multiple organ system
involvement occurs with septicemia infection.

Ps. pseudomallei

Ps. pseudomallei (now known as Burkholderia pseudomallei) causes
melioidosis. (from the Greek, “resemblance to distemper of asses”) Melioidosis, also
called Whitmore disease, clinically and pathologically resembles glanders but has
an entirely different epidemiologic profile from Ps. pseudomallei. It occurs in many

animals (e.g.: sheep, goats, horses, swine, cattle, dogs, cats). Transmission was
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believed to occur through direct contact, although inhalation reportedly was a possible
route of acquisition. Since the first description of the disease from North Queensland,
Australia, in 1962, melioidosis has spread to Southeast Asia.

Ps. pseudomallei was found in contaminated water and soil. The pathogen
spreads to humans and animals through direct contact with a contaminated source.
In otherwise healthy hosts, disease manifestations range from acute to chronic local
suppurative infections to septicemia with multiple abscesses in all organs of the body
(Selina, Online, 2007).

Ps. maltophilia

Ps. maltophilia was the second most frequently isolated Pseudomonas spp. in
clinical laboratories. In nature, Ps. maltophilia is found in water and in both raw and
pasteurized milk. It has been associated with a variety of opportunistic infections in
humans, included pneumonia, endocarditis, urinary tract infections, wound infections,

septicemia, and meningitis (Barbara, Online, 2007).

The Organism Characteristics

Microbiology

Ps. aeruginosa is a motile bacillus that is usually about 2 um. long, gram
negative bacillus, oxidase positive, usually grows on Mac Conkey agar
(nonfermenter). It is an obligated aerobic and grows well on most culture media.
More than 90% of isolated Ps. aeruginosa produce a blue-green, water-soluble
pigment (pyocyanin), which diffuses into the culture medium. This pigment was first
observed on bandages covering infected wounds. The growing colonies give off a

sweet odor variously described as grape-like or corn tortilla-like. Ps. aeruginosa
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grows well at 42°C and produces acid from glucose (oxidative) (Marcus et al., 1997;
Inglis, 1997).

Laboratory ldentification

1. Ps. aeruginosa and the other Pseudomonas are flourish on ordinary
nutritional media and do not ferment sugars.

2. Ps. aeruginosa produces a blue-green pigment as the result of the
elaboration of two pigments. These aid in the identification of the organisms (James,

1998).

Habitat

Ps. aeruginosa is widely distributed in soil, water, sewage, intestinal tracts,
and plants. The organism has been isolated from various materials including
disinfectants, cosmetics, and foods (Wistreich and George, 1999). Ps. aeruginosa is
an opportunistic pathogen and its presence in hospital water is a matter for concern
(Graham and Edmund, 2000). Although its natural habitat is soil and water, Ps.
aeruginosa frequently causes infections in hospitalized patients (Kathleen, 1996). Ps.
aeruginosa is a normal inhabitant of the intestinal tract. Numerous species are present
in this genus, some of which are considered as normal flora. Opportunistic infections
by Ps. aeruginosa, Ps. cepacia and other Pseudomonas are seen in patients with
burns, cystic fibrosis, intestinal surgery, or other disabilitation conditions (James,
1998).
Pathogenicity and Pathogenesis of Infections

Transmission

A variety of bacterial products, such as exotoxin elastase, proteases,

endotoxic cell wall and occasionally a mucoid capsule, probably account for the
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virulence associated with this organism. The organism is commonly found on plants,
in areas where there is any collected water and occasionally as transient flora in the
human intestine. This organism is so ubiquitous in the environment that no open
wound, burn, or immune compromised patient is free from exposure (Marcus et al.,
1997).

All Pseudomonas are resistant to the environment and survive for long
periods of time in water and air, and on articles of bed clothing and the like, from
which patients may become colonized (James, 1998).

Ps. aeruginosa is spreading in a number of ways, including by
contamination of fingers and instruments such as urinary catheters, endoscopes, and
respiratory therapy equipments. Bathing or soaking in contaminated water also can
serve to transmit the organism (Wistreich and George, 1999).

Tissue invasion and damage

The ability of microorganism to invade the host is the hallmark of its
virulence. This process is critical to the transformation of Ps. aeruginosa from
a harmless saprophyte to a fully virulent pathogen. A number of factors appears to be
involved in the ability of Ps. aeruginosa to cause invasive disease. Although the cell
envelope of Ps. aeruginosa protects it from cellular and humoral elements of the
host’s immune system, its extracellular enzymes or toxins break down physical
barriers to organism’s penetration, further impair host defenses and render the
parasite’s newfound milieu more conductive to its physical, nutritional and

reproductive requirements (Pollack, 1984).
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Virulence factors

Ps. aeruginosa produces an A-B toxin with exactly the same mode of action
as the diphtherial toxin. This toxin is known as exotoxin A and is able to prevent
protein synthesis by infecting host cells.

1. Exotoxin S'is also an ADP - ribosyl transferase that acts on one of
the G proteins. This organism requires exotoxin S in order to be virulent, but the
mode of action of the toxin is unknown.

2. Phospholipases, proteases, a cytotoxin, and an iron-binding siderophore
contribute to the virulence of Ps. aeruginosa (James, 1998).

Exotoxin A (ETA)

Liu (1974); Liu, Yoshii, and Hsieh (1973) remark that purified lethal toxin
from Ps. aeruginosa is called exotoxin A (ETA). It is produced by approximately
90% of clinical isolation (Bjorn, Vasil, Sadoff, and Iglewski, 1977; Pollack, Taylor,
and Callahan, 1977). This single polypeptide toxin composes of acidic amino acids,
has an isoelectric point of 5.0-5.1 and has molecular weight in the range of 50,000 -
71,500 (Rose, Heckman, and Unger 1973; Kessner and Lepper, 1967). ETA conforms
to the A-B structure functional model like many bacterial toxins in that one portion of
the molecule (fragment B) is necessary for interaction with the eukaryotic cell
receptor, while the other, (fragment A) is catalytic portion (Vasil, Chamberlain, and
Grant, 1986). This toxin is heat labile, being readily destroyed by heating at 60°C for
15 minutes (Morrisson and Wenzel, 1984; Liu, 1974). ETA can be converted to
toxoid by formalin treatment (Dogget and Robert, 1979). Its production is regulated
by environmental iron concentration. If iron levels are sufficient for optimum growth,

the synthesis of toxin is repressed (Reynolds, 1985). The mean lethal dose (LD50)
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was 60-80 ng for 20 gm. mouse (Callahan, 1976). Subsequent studies suggested that
ETA inhibited protein synthesis. The mechanism of action was presented elegantly
by Iglewski and Kabat in 1975 who reported that ETA catalyzed the transfer of the
ADP-ribosyl moiety of NAD onto eucaryotic Elongation factor 2 (EF,) like
diphtheria toxin. This process inactivates EF, and halts protein systhesis especially in
the liver (Iglewski and Kabat, 1975). Mechanism by which Ps. aeruginosa ETA and
diphtheria toxin affect cells, ETA is 10,000 times more lethal for experimental
animals than Pseudomonas lipopolysaccharide (Pollack, 1980; Pollack and Young,
1979). Intravenous injection causing severe hypotention and death, hepatotoxicity and
lung haemorrhage are also found (Atik, Liu, Hanson, Amini, and Rosenberg, 1968;
Bergan, 1981).

Proteases

Ps. aeruginosa isolated from clinical specimens produce several proteases,
elastase and alkaline protease, contributed to adhere and caused skin haemorrhage and
necrosis of connective tissues (Ohman, 1980). The corneal damage produced by
purified proteases has been observed in experimental animals. Proteases of Ps.
aeruginosa are also capable of inducing alveolar necrosis and haemorrhage in the
lungs of experimental animals similar to that observed in patients with pneumonia
caused by Ps. aeruginosa (Gray and Kreger, 1979). It has been suggested that elastase
is responsible for dissolution of the elastic lamina of blood vessels, which is
an important pathologic characteristic of these lesions (Mull and Callahan, 1965).
It can also inactivate complement components and cleave immunoglobulins (IgG and

IgA) (Schultz and Miller, 1974). Elastase and alkaline protease were also reported to
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cause proteolytic inactivation of human interferon (IFN-y), interleukin-2 and tumor
necrosis factor (TNF) (Parmely, Gale, and Clabaugh, 1990).

Phospholipase C and cytotoxin

These enzymes are able to degrade phospholipids and lecithin, hemolyze
erythrocytes and cause damage of most eukaryotic cells including polymorphonuclear

leukocytes (Bone, 1993).

Antibiotic resistance

Ps. aeruginosa is well known for its intrinsic resistance to many commonly
used antibiotics. Previously the susceptibility of this organism to the advanced
generation cephalosporins, ureidopenicilins, aminoglycosides, quinolones and
carbapenems were acceptably good and this provide clinicians with wide varieties of
antibiotics to choose for treating patients with Ps. aeruginosa infections.
Unfortunately now, this organism is frequently associated with multiple resistance
acquired during therapy and presents as therapeutic difficulties in a number of serious
Pseudomonas infections (Watanabe, lyobe, Inoue, and Mitsuhashi, 1991; Traub,
Scheidhauer, Leonhard, and Bauer 1998; Kinoshita, Sawabe, and Okamura; 1997;
Jones, Pfaller, Marshall, Hollis, and Wike, 1997). For example in the early 1990s,
11.8% of the Ps. aeruginosa strains responsible for nosocomial infections in the
United States were found to be resistant to imipenem, the powerful antibiotic
frequently used for treating complicated gram negative sepsis. The distribution of
multiresistant strains and the pattern of resistance of these strains to various
antibiotics were studied. The reason for this change in susceptibility trends is still
unclear. However this may partly be due to the inappropriate use or prolonged

exposure of patients to the broad spectrum antibiotics (Troillet, Samore, and Carmeli,
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1997). The mechanisms of resistance to each class of antibiotics are diverse.
The outer membrane of Ps. aeruginosa is intrinsically about 10 times less permeable
than Escherichia coli, accounting for the fact that many antibiotics active against
Ps. aeruginosa are not effective. This has been known to be due to the presence of
MexAB-OprM protein which resulted in reduced permeability and efflux of many
types of antibiotics. Three genetically distinct systems which are involved in reduced
permeability and efflux have been described, each composed of 3 proteins.
A cytoplasmic membrane protein (Mex B, Mex D or Mex F) is thought to act as an
energy dependent pump with broad substrate specificity. A second protein (OprM,
OprJ, OprN) is located in the outer membrane, acting like a porin. A third protein
(MexA, MexC or MexE) is located in the periplasmic space and thought to be the link
protein (Michea-Hamzehpour, Lucain, and Pechere, 1991). Overproduction of the
MexAB-OprM protein system via chromosomal mutation (nalB) increases the
resistance of Ps. aeruginosa to quinolones and -lactams (except imipenem) (Gotoh,
Itoh, Tsujimoto, and Yamagishi, 1994). The chromosomal mutations nfxB and nfxC
which release, repress production of two other systems, MexCD-OprJ and MexEF-
OprN respectively, endow the organism resistant to many other antibiotics including
quinolones (Gotoh, 1998). No other bacteria so far have been shown to possess such
an efficient network of efflux. In addition to permeability and efflux, Ps. aeruginosa
is remarkable for its capacity to accept foreign genetic materials such as plasmids and
transposons, which brings additional mechanism of resistance. A single or an
interplay of few mechanisms of resistance may be present in a single strain of Ps.
aeruginosa. For example aminoglycoside resistance may be due either to

aminoglycoside inactivating enzymes or to diminished cell permeability. Resistance
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to advanced generation beta-lactams can be conferred by plasmid or chromosomal
mediated R-lactams enzymes, diminished permeability through outer membrane
channels as well as alteration in penicillin binding protein (PBP). Ps. aeruginosa may
become resistant to imipenem via two mechanisms:

1. Concurrent effects of a chromosomal R-lactams activity and decrease
permeability due to the loss of a specific outer-membrane protein or porin (OprD2).

2. Plasmid mediated metallo B-lactams capable of hydrolyzing carbapenems
efficiently (Senda et al., 1996).

The former mechanism is more common. The latter has only been reported
in Japan so far but has a potential of spreading rapidly since it is plasmid mediated.
Troillet N. and co-workers had reported that treatment with imipenem was a major
risk factor for the clinical detection of multiresistant strains Ps. aeruginosa (Troillet et
al., 1997). Resistance to fluoroquinolones appears to be due primarily to alterations in
outer membrane proteins that influence antibiotic entry and to a lesser extent to
alterations in target DNA gyrase (Daikos, Lolans, and Jackson, 1988).

Ps. aeruginosa has intrinsic resistance to most available antibiotics, leaving
aminoglycosides, anti Pseudomonas penicillins, newer cephalosporins, imipenem and
fluoroquinolones as treatment options for systemic infection. Some institutions have
found that despite isolating patients with antibiotic-resistant Ps. aeruginosa,
the incidence of colonization with these strains has continued to increase, in part
paralleling the increasing use of aminoglycoside antibiotics (Turano and Peretti,
1977). Most strains of Ps. aeruginosa are resistant to relatively high levels of most
antibiotics in use, for two reasons. First, entry of antibiotics into the periplasmic space

and further into the cytoplasm is considerably more restricted than in other gram
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negative bacteria, because the porins of the outer membrane, under the influence of
divalent cations, limit the passage of water-soluble molecules. Second, high-level
resistance mechanisms are present and include production of several beta-lactamases
and aminoglycoside-inactivating enzymes, acetylation of chloramphenicol and
efficient expulsion of tetracycline. Both plasmid and chromosomal genes are
involved. The plasmids are often transmissible, not only within the genus, but to other
negative pathogens as well (Lory, 1990). Acquired additional resistance involving
modifying enzymes is particularly associated with topical antibiotic use and with
sites, e.g. bladder, where high levels of antibiotic are achieved. An addition form of
acquired resistance does not involve modifying enzymes but is apparently the result of
reduced permeability associated with a change in outer membrane proteins (Govan,
1998).
Nosocomial Infection caused by Ps. aeruginosa

Search was sometime required for Ps. aeruginosa in the investigation of
consumer’s complaints and problems with poor quality in distributed water. It is
probably derived from human or animal faeces, but it is not universal in faeces. It is
able to grow in water containing nutrients and particularly in those parts of a water
distribution system which have low flows and are warm. Ps. aeruginosa is an
opportunistic pathogen and its presence in hospital water is a matter for concern
(Matthew, 1990).

Epidemiology

Ps. aeruginosa is primarily a nosocomial pathogen and frequency causes
disease (Centers for Disease Control, 1983). The National Nosocomial Infection

Surveillance system in the United States has characterized the frequency of non
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fermentative aerobic gram negative bacilli every year. About 10% of the reported
nosocomial infections were caused by Ps. aeruginosa. Ps. aeruginosa accounted for
11% of all the urinary tract nosocomial infections making it to be the second most
common pathogen. It is the leading cause of hospital acquired pneumonia (accounted
for 20% of all isolated organisms) (Arnow and Flaherty, 1996).

Extensive culture studies to identify inmate reservoirs for Ps. aeruginosa in
hospitals have been done extensively since the 1950s. This organism can actually be
cultured from practically any moist area and from fluids including disinfectants,
equipments and surfaces (Stephenson, Heard, Richards, and Tabagchali, 1985;
Earnshaw, Clark, and Thom, 1985; Correa, Tibana, and Gonitijo-Filho, 1991). Some
of these reservoirs have been proven to be the source of point source outbreaks in
several hospitals (Graham, 2000). Patients in special care units are often colonized by
Ps. aeruginosa. This is an important source for propagation of infections among these
patients. These patients are exposed to broad spectrum antibiotics, medical devices
and hands of health care workers, therefore they may acquire the organism and
harbour the organism for a significant period of time (Murthy, Baltch, and Smith,
1989). Colonization rates of patients in the intensive care units, oncology units,
surgical units and the neonatal intensive care units ranged between 13-39%, 4-58%,
19-43% and 2-51% respectively (Murthy et al., 1989; Grundmann, Kropec, Hartung,
Berner, and Daschner, 1993).

Ps. aeruginosa is cosmopolitan in its distribution. It is isolated from soil,
water, plants, and animals, including man. It is occasionally pathogenic for plants
as well as animals. The epidemiology of Ps. aeruginosa reflects its predilection for a

moist environment. This is apparent in its natural habitat, where its associations with
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soil and water are closely related and its identification on plants is a function of
humidity. Moisture is also a critical factor in hospital reservoirs of Ps. aeruginosa
such as respiratory equipment, clean solutions, medicines, disinfectants, sinks, mops,
food mixers, vegetables and so on. Human Pseudomonas disease is also associated
with water-related reservoirs outside the hospitals (Matthew, 1990).

Potential reservoirs such as uncooked vegetables, hospital sinks, or even
flowers in patient’s rooms are suspected sources of endemic Ps. aeruginosa strains.
Discrete hospital-acquired outbreaks (epidemics) have been more definitively traced
to specific reservoirs such as respiratory equipments, endoscopes, transvenous
pacemakers, contaminated antistatic mattresses, antiseptics, orthopedic plaster,
operating room suction apparatus, contaminated nursery formula, physiotherapy pool,
and so on. Patient to patient transmission of Pseudomonas via the hands of hospital
staffs or by other fomites is often assumed but difficult to prove (Matthew, 1990).

The pathogenesis of Ps. aeruginosa infections must be understood in the
context of its being an opportunistic pathogen. It rarely causes disease in healthy
persons, although it is a common human saprophyte. Its adaptability to a wide variety
of physical conditions, minimal nutritional requirements, and relative resistance to
antibiotics allow it to survive in large numbers in close proximity to its prospective
host (Matthew, 1990).

Disease

1. Burn patients are often infected because the loss of skin expose their open
flesh to ready colonization of this moist, nutrient-rich surface.

2. This bacillus is a major cause of death in patients with cystic fibrosis who

invariably become colonized at some time in their lifes.
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3. Postsurgical intestinal or urinary tract infections with Ps. aeruginosa
infections are a third category of disease commonly seen in patients (James, 1998).
Clinical Manifestations

Bacteraemia

Nosocomial blood stream infections (bacteraemia) occur at a rate of 1.3 to
14.5 per 1,000 hospital admissions and are believed to lead directly to 62 per 5,000
deaths per year in the United States (Pittet and Wenzel, 1995). Incidence varies with
the type of patient population, the size of institution, the length of hospital stay and
the ward location within an institution (Gatell, Trilla, and Latorre, 1988).

Ps. aeruginosa bacteraemia is associated with significant morbidity and
mortality especially in the immunocompromised and critically ill patients. Factors
predispose patients to Ps. aeruginosa infections are cancer, immunoglobulin
deficiencies, diabetes mellitus, burns, prematurity and other immunocompromised
states. Overall incidence of Ps. aeruginosa bacteraemia ranged between 1-1.8 per
1,000 admissions (Sherertz, 1983; Bisbe, Gatell, and Puig, 1988). However
the incidence rates among patients with burn injuries and patients with cancer may be
as high as 5 per 1,000 admissions (Bodey, Jedeja, and Elting, 1985; Hsueh, Teng, and
Yang, 1998). Infections usually occur within the first two weeks of chemotherapy in
cancer patients due to rapid decline of neutrophil counts. In a large study evaluating
410 episodes of Ps. aeruginosa bacteraemia, shock occurred in 33% of the patients
studied (Bodey et al., 1985). An interesting phenomenon has been observed in many
institutions treating cancer patients. A decline number in the overall incidence of
Ps. aeruginosa bacteraemia has been noted during the mid 1980s till early 1990s.

However for the past few years, the trend seemed to reverse and was a cause for
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concern since the concurrent isolation of several multiresistant strains among
the isolates caused case clusters (Aquino and Pappo, 1995).

Bacteraemia can be primary or secondary infections. Cases of primary
Ps. aeruginosa bacteraemia were often related to the use of intravenous devices
(20%) and infusion of contaminated fluid (Velasco et al., 1997; Leigh et al., 1995).
Occasionally primary bacteraemia may also arise following endoscopic procedures
especially in the presence of underlying mucosal lesions or immunocompromised
states (Earnshaw, Clark, and Thom, 1985). Studies in animal models have
demonstrated that translocation of bacteria through intact mucosa can occur if normal
balance of microbial flora is altered (Deitch, Winterton, and Berg, 1987). This has
also been observed in patients who have been exposed to broad spectrum antibiotics
and those with gut colonization by this organism where no apparence of primary
source was detected. Ps. aeruginosa may enter the bloodstream through invasion from
a primary site. Virulence factors such as exotoxin A and other extracellular enzymes
as well as the underlying conditions of the hosts are factors contributing to
dissemination of the organisms (Arnow and Flaherty, 1996).

Ps. aeruginosa bacteraemia is clinically indistinguishable from any other
gram negative sepsis. Fever, tachycardia and hypotension are common findings.
Small round indurated skin lesions termed “ecthyma gangrenosum” may be
pathognomonic but rarely observed (Bodey et al., 1985; Dorff et al., 1971).

Mortality rates associated with this infection have been in the range up to 70
to 90% before 1970. The rates have declined to 40-50% over the past few decades.
This has been associated with the administrations of effective anti Pseudomonas

antibiotics empirically in patients presumed to have gram negative sepsis (Fergie et
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al., 1994). With the isolation of several multiresistant strains now, upclinicians may
be facing therapeutic difficulties in the near future unless some form of effective
control is carried out. Therapeutic failure rates of 70% have been observed in centres
with persistence of the multiresistant strains of Ps. aeruginosa isolates.

Urinary tract infection

Urinary tract infection (UTI) is the most common type of nosocomial
infection in both acute care hospitals and long-term care facilities. It accounts about
15% of nosocomial infection in Auckland hospital (Nicholls and Morris, 1997).

Ps. aeruginosa accounts for about 12% of nosocomial urinary tract infections
and ranks the third in frequency at this site behind Escherichia coli and Enterococcus
(Jarwis and Martone, 1992). Incidence rate of Ps. aeruginosa urinary tract infection
was 3.1% in endemic setting and 4.5% in an epidemic setting (Krieger, Kaiser, and
Wenzel, 1983).

Adherence usually precedes most invasive UTI. Ps. aeruginosa adheres well
to uroepithelial cells. Colonization of the rectum perineum or urethra predisposes to
infection (Bultitude and Eykyn, 1973). Urine is an excellent growth medium for
common urinary tract pathogens (Chambers and Kunin, 1987). Indwelling catheter
disallowed complete cyclic emptying of the bladder and creates a small pool of
residual urine in which microorganisms can multiply, thus bringing about infections.
Urinary catheterization has reduced infections due to Escherichia coli but has
definitely increased the risk of Ps. aeruginosa UTIs. Over one-third of chronically
cathetherized patients have evidence of acute renal inflammation at autopsy (Warren,

Muncie, and Hall-Craggs, 1988).
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Ps. aeruginosa bacteraemia in catheterized patients often resolved
spontaneously within 2-3 months (Warren, Tenney, Hoopes, Muncie, and Anthony,
1982). Necrotizing infection of the bladder or kidney is extremely rare and
pyelonephritis as a complication of bacteriuria is uncommon (Arnow and Flaherty,
1996). Nevertheless, on occasion, the infection can be quite severe and cause
a hemorrhagic cystitis or secondary bacteraemia. Ps. aeruginosa bacteraemia
following urologic procedures has been reported (Garibaldi, 1993).

Infections of burn wounds

Patients suffering from burn injuries are at high risk of getting nosocomial
infections. The lost skin integument which is the primary barrier to organism
invasion, together with present of serum proteins and the necrotic tissue in the burn
eschar promotes multiplication of microorganisms to high concentrations.
Microorganisms that normally reside on the skin surface can grow in the presence of
these factors and lead to an invasive burn infection (Ang and Lee, 1997). Thermal
injury also depresses both local and systemic immunity (Heideman and Bengtsson,
1992).

Ps. aeruginosa is one of the most common burn wound pathogen and it has
colonized or infected more than one fourth of patients in several series (Pruitt, 1974).
Recent study however showed that Ps. aeruginosa burn wound infections were
becoming less common (Ang and Lee, 1997).

There is evidence that Ps. aeruginosa burn wound infections may arise from
contamination from faeces. Wounds around the buttock, perineum, lower abdomen
and the inside of upper thighs were most often infected. Hydrotherapy equipment,

sink faucets, faucets handles, bars of soap and towel rack were also known to be
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potential contaminated sites and have been reported as source of wound infections
(Shulman, Terry, and Hough, 1971).

Development of antibiotics resistance which is related to extensive use of
antibiotics has also been reported (Mayhall, 1993). When Ps. aeruginosa colonizing
burn wounds become resistant to topical antimicrobial agent used, the risk of
uncontrolled growth and invasion of variable tissues are more likely to occur
(Mayhall, 1996). Silver-resistant Ps. aeruginosa have been reported in burn unit
(Bridges, Kidson, Lowbury, and Wilkins, 1979). Manson and associates observed
the significant positive association between length of stay and colonization with Ps.
aeruginosa (Manson et al., 1992).

Invasion of the burn by Ps. aeruginosa may occur either abruptly or slowly.
In a typical case, the burn wound developed heavy, green pigmented and foul-
smelling discharge. In rapidly advancing and invasive infections, the eschar may
develop to shaggy green exudate and later progress to form patchy, black areas of
necrosis. Bacteraemia and septicemia are common complications of extensive burn
wound infections caused by Ps. aeruginosa. Patients usually become hypothermic
and have a depressed white blood cell count, clinical ileus and mental confusion are
suggestive of severe and overwhelming sepsis. Ecthyma gangrenosum is often seen
before death in patients with septicemia (Tompkins and Burke, 1992).

Respiratory infections

Most bacterial nosocomial pneumonias occur by aspiration of bacteria
colonizing the oropharynx or upper gastrointestinal tract of the patients. Intubation
and mechanical in ventilation greatly increase the risk of bacterial nosocomial

pneumonia because they alter first-line patient’s defenses (Chervret, Hemmer, Carlet,
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and Langer, 1993; Schaberg, Culver, and Gaynes, 1991; Bartlett, Keefe, Tally, Louie,
and Gorbach, 1986).

Lower respiratory tract infections with Ps. aeruginosa occur almost
exclusively in persons with compromised local respiratory or systemic host defense
mechanisms. Primary pneumonia occurs in patients with chronic lung disease,
congestive heart failure, or both. Exposure to the hospital environment, particularly in
an intensive care setting, use for respiratory inhalation equipment, and prior antibiotic
therapy increase the likelihood of such infection (Matthew, 1990).

Pneumonia

Data from the Center of Disease Control National Nosocomial Infection
Study (NNIS) indicates that lower respiratory tract infection is second leading site of
hospital acquired infections (Horan, Culver, and Jarvis, 1988) but be the leading cause
of death (American Thorocic Society, 1995). Nosocomial pneumonia accounts for
about 13% of all nosocomial infections in United States (Horan et al., 1988).
The incidence was higher ten to twenty folds in ICU patients. The incidence among
intubated patients was seven to twenty one times higher than non intubated patients
(Celis et al., 1988). The mortality rates for ICU patients with pneumonia were two to
ten times higher and further increased in patients with pneumonia caused by Ps.
aeruginosa (Leu, Kaiser, Mori, Woolson, and Wenzel, 1989). Bilateral infiltrates on
chest x-ray and respirator failure were independent risk factors for mortality (Celis et
al., 1988).

Nosocomial pneumonia may be divided into early onset and late onset. The
latter is where Ps. aeruginosa and other gram negative bacilli are commonly isolated.

They are acquire from the hospital and often exhibit high level of resistance to
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antibiotics (Craven, Steger, and Barber, 1993). It is more often due to direct
contamination of trachea with organisms from environments or patient reservoirs
(Schwartz etal., 1978).

In mechanically ventilated patient, the leakage of bacteria around the cuff of
the endotracheal tube lead to colonization which is the initial step in progression to
pneumonia (Leu et al., 1989). Ps. aeruginosa infection can lead to a necrotizing
bronchopneumoniae in the case of lung infection (Craven et al., 1993). Ps. aeruginosa
is the most important pathogen causing ventilator associated pneumonia (Rello and
Torres, 1996), more importantly still, Ps. aeruginosa is the leading cause of death
among intubed patients with pneumonia (Rello et al., 1993).

Specific problems in the treatment of Ps. aeruginosa pneumonia are
the recurrence event after only several weeks (Silver, Cohen, and Weinberg, 1992)
and emergence of resistance to the antibiotics used for treatment (Fink et al., 1994).
Even with potent antibiotics such as ciprofloxacin or imipenem, the prognosis remains
very poor when Ps. aeruginosa is isolated from blood or respiratory tract cultures in
severe pneumonia cases (Fink, Snydman, and Neiderman, 1994).

Control and Prevention

Pseudomonas infections rely on proper aseptic techniques when dealing with
burns and open wounds. Pseudomonas spp. are able to grow in water with minimal
nutrients and are found in such places as water baths used for heating baby bottles, hot
tubs, vases for fresh-cut flowers, and water pumps in humidifiers. Certain precautions,
such as not allowing fresh-cut flowers in critical areas of a hospital and routine

monitoring of water held in baths and air systems, help reduce the hazard of these
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infections. Pseudomonas spp. are among the most resistant vegetative bacterial cells
to chemical disinfectants (Marcus et al., 1997).

Hand washing

There are two types of hand washing:

1. Social hand washing. This should be carried out:

routinely before and after coming into contact with patients.

when starting work.

when going off duty.

when they become visibly dirty.

when they are contaminated with body fluids or organic matter.

after visiting the toilet.

after removing gloves.

after a non sterile procedure.

contact with patients during ward rounds or routine procedures such as
bed making or lifting should be followed by decontamination of the hands with
alcohol chlorhexidine or a soap and water hand-wash.

2. Aseptic hand-washing. This type of hand washing should be used when
aseptic procedure is about to be performed on a patient (e.g. introducing central
venous pressure lines, peripheral cannulae or urinary catheters). It is a shorter version
of the surgical hand wash and requires meticulous cleaning of the hands and
the use of a sustained action disinfectant. It is usually accompanied by the wearing

of gloves (Shaheen, 1992).
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Procedure for hand-washing
Remove all rings, jewelry (including watch) and roll up the sleeves.
Wet the hands under running water and apply a recommended amount
of the hand-wash provided to the palms of the hands.
Rub to make a lather.
Rub the hands together and then cup them around each other to

massage all the finger tips properly, massaging the thumbs and the webs of the

fingers.

Wash the wrists and backs of the hands.

Rinse the hand thoroughly under running water.

Dry thoroughly with several pieces of paper towels or single-use cotton
towels.

If washing for an aseptic procedure.
Do not touch any non-sterile surface.
Wear gloves.
Remove gloves after the procedure, wash hands and dry
thoroughly (Shaheen Mehter, 1992)
Hand disinfection
Sustained-action disinfectants with alcohol (rub) should be used.
When moving from one patient to another.
After non-sterile duties not involving body fluids.
After handling or touching a potentially contaminated surface.

Before touching a neutropenic or high-dependence patient.
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All hand disinfection agents should be kept in the sterile dispensers
that deliver a known quantity of soap or disinfectant. The container and nozzle
must be cleaned regularly to prevent contamination and blocking. Open
containers of disinfectant and soap should not be left on ward wash-hand basins as
they can become contaminated with bacteria. When empty, the disinfectant containers
should be returned to the Pharmacy or Domestic Department to be washed, cleaned
and refilled. Defective pumps must be replaced immediately (Shaheen, 1992).

Soap and water

Soap and water remove most organic contamination and are acceptable
as a social-hand wash. However, bars of soap may be left lying in pools of water,
where they become contaminated with multiply antibiotic-resistant gram negative
bacilli, which are then transferred to the hands of staffs and then to patients. If bar
soaps are used they should be stored dry-either on a piece of string or fixed to the wall
by magner holders. Medicated soap, which incorporates a bactericidal agent (e.g.
triclosan or irgasan-Cidal soap) is useful in reducing the transmission of methicillin-
resistant Staphylococcus aureus. Soap and water should be supplemented with
an alcohol-containing sustained action disinfectant prior to carrying out for an aseptic
technique (Shaheen, 1992).

Soap dishes and dispensers

Soap dishes are rarely necessary, and may encourage bacterial growth. If
used, they should be washed and dried daily. The nozzles of liquid soap dispensers
should be cleaned daily to remove residues, and the outside should be cleaned and
dried. Disposable cartridge-type refills with an integral nozzle are preferred, but they

tend to be expensive. If non-disposable reservoirs are used, topping up should be
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avoided and the inside of containers should be cleaned and dried before refilling. In
cartridge-type dispensers, the channel and reservoir between the refill and nozzle, if
not disposable, require periodic cleaning. Liquid soaps used in hospitals should
contain a preservative (e.g. 0.3% chlorocresol), which should prevent bacterial growth
during periods of use (Graham, 2000).

Hand-wash basins

These should be available in all wards, treatment rooms, saline rooms and
isolation cubicles.

A clinical hand-wash basin has

Elbow-operated mixer taps.

A deep bowl to avoid splashing and contamination.

No overflow.

No recesses where water may collect.

No drain-hole plug, so that water cannot be held in the basin.

Hand operated single taps should be turned off with the paper-or cloth towel
that was used to dry the hands. Wash-hand basins should be used for hand-washing
only and should have a clearly displayed sign: CAUTION-HOT WATER and HAND-
WASH ONLY. The two-bowl system with a communal towel is not recommended, it
is a source of cross-infection (Shaheen, 1992).

Sitting the wash basins

Wash basins should be in the easy sight and reach of all hospital staffs
and visitors (no-one will use a wash basin they cannot see).
Basins should have adequate, wall-mounted hand disinfectants.

Drying facilities should be close by.
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In some countries, the wash-hand basin on the ward is used as a
kitchen sink by the patient’s relatives. This has disadvantages:

The staff cannot use the wash basin for hand disinfection.

The sink may be blocked with food debris and over-flow.

Vermin and pests may be attracted to the ward.

It is extreamely unsightly.

Basins must be provided to dispose of waste for relatives and visitors use in
the kitchen, or sluice, and relatives should be educated about hand hygiene (Shaheen,
1992).

Hand drying

Drying is an essential part of hand disinfection. Wet hands have higher
bacterial counts and permanently wet hands become chapped and dry (Shaheen,
1992).

Paper towels

These are most often used to dry the hands. However, the quality is usually
poor and several sheets are needed to dry the hands properly. A good absorbent
quality is recommended (Shaheen, 1992).

Cotton towels

These are perfectly acceptable for social hand-washing provided that they are
on a roller and are laundered regularly. A small face-towel for single use (be
laundered before re-use) is also acceptable. Common-use cotton towels that are left
lying next to a sink are dangerous and can result in cross-infection with gram positive

cocci and gram negative bacilli (Shaheen, 1992).
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Bedding

Bedding can rapidly heavily contaminated with colonized skin scales.
Frequent changing is therefore of limited value in controlling the spread of infection.

Cotton blankets should be used, and these should be changed on discharge of
the patient or if they become soiled or contaminated with potentially infectious
spillage.

Sheets should be changed on discharge of the patient and also at least twice
weekly and if soiled, wrinkled, stained or contaminated with potentially infectious

materials (Graham, 2000).

Prevention and treatment

1. Itis very difficult to prevent colonization of burn patients and of those
with cystic fibrosis because of the ubiquitous distribution and resistance of
the Pseudomonas.

2. The Pseudomonas are typically resistant to several antibiotics. The
quinolines and third generation beta-lactams are often recommended (James, 1998).
Ps. aeruginosa infections are very resistant to therapy. The remarkable metabolic
capabilities and diverse plasmids associated with these organisms have resulted in the
development of a high level of resistance to a broad range of antibiotics. A number of
new antibiotics have been specifically designed for treatment of Pseudomonas
infections, but as yet, the ideal anti Pseudomonas compound has not been discovered
(Marcus et al., 1997).

The study of Rello et al., 1993 described 113 mechanically ventilated
patients judged to have Ventilator associated pneumonia (VAP) on the basis of

clinical criteria. In 100 (88.5%) of these patients, a causative agent for VAP was
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identified by evaluating cultures from either blood, pleural fluid, or lower airway
secretions obtained bronchoscopically (Broncho Alveolar Lavage or Protected
Specimen Brush). Antibiotic therapy was changed on the basis of the
microbiologically positive culture result in 51 patients (51%). Among these patients,
27 (52.9%) were seemed to have received inadequate antibiotic therapy based on the
pathogens isolated. The most common reason for inadequate initial empiric antibiotic
therapy was the isolation of Ps. aeruginosa resistant to at least 1 of the prescribed
antibiotics; this was found in 20 cases (74.1%). The crude mortality rate among the
patients who received inadequate antibiotic therapy was found to be significantly
greater than the mortality rate among patients who received inadequate initial empiric
antibiotics (63% and 41.6%, respectively; p = 0.06). More important, the mortality
attributed to VAP was also significantly greater among the patients who received
inadequate initial therapy than among those who were treated adequately (37% and
15.6%, respectively; p < 0.05).

Research papers

Luckana Chirtreecheur (1986) studied on the incidence rate of respirator
associated pneumonia and related factors in 3 surgical intensive care units of Siriraj
Hospital. Fifty patients who were on respirators were studied while another group of
fifty patients who were intubated or tracheostomized but not on respirators served as
a control group. The incidence rate of pneumonia in patients on respirators was higher
than that in the control group but not statistical significant. The causative bacteria of
the pneumonia in this study were Ps. aeruginosa, Klebsiella pneumoniae,

Acinetobacter anitratus, Proteus spp. and Staphylococcus aureus.
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Salisa Wisutthirate (2004) studied a cross-sectional analysis of 305 intubated
patients admitted in Trat Hospital in order to determine the incidence of nosocomial
pneumonia (NP) and risk factors. Studied patients were interviewed by using
questionnaires and case records were collected. Secretion specimens from patients
with nosocomial pneumonia were collected for bacterial cultures. The result of
secretion cultures from 117 patients with nosocomial pneumonia showed that 64.96%
were negative and 35.04% were positive. The microorganisms presented in
the cultures were Klebsiella pneumoniae and Klebsiella spp. 32%, Acinetobacter
anitratus and Acinetobacter spp. 24%, Enterobacter spp. 10%, Ps. aeruginosa and Ps.
species 8%, Staphylococcus aureus 8%, Staphylococcus epidemidis 10%, and
Methicllin resistant Stapylococcus aureus 6% respectively. There were 36 patients
infected with one type of bacterial microorganisms and 5 patients infected with
multiple bacterial microorganisms.

Wasinee Thanagrumetha (1991) studied the epidemiology of Ps. aeruginosa
infection in 6 wards of Siriraj Hospital; 3 intensive care wards and 3 general wards.
The percentage of cross infection (24-86%) in each ward was significantly different
(p < 0.05). Cross infection had occurred more frequently in intensive care ward (86%)
in traumatic surgical ward no.4, whereas lower cases were found in general ward
(24%) in pediatric ward no.2. Ps. aeruginosa cross infection in each ward was usually
resistant to antibiotics.

Yupawadee Rutanawaropas (1995) studied a total of 400 isolates of
Ps. aeruginosa dividing into 2 main groups by sources of specimens. Two hundreds
Ps. aeruginosa isolated from clinical specimens of patients attending in 8 hospitals

and other 200 Ps. aeruginosa which isolated from 320 wastewater samples from those
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eight hospitals and from other 8 communities during 10 weeks of July to September
1993. High frequencies of Ps. aeruginosa isolation were found in wastewater samples
from both the hospitals and environments, with or without treatment before disposal.
It was detected in 215 samples (67.2%), mostly from untreated wastewater, and was
not detected in 105 samples (32.8%), mostly from treated wastewater. There was
a progressive reduction in the Ps. aeruginosa count per milliliter from only 3 in 4 of
treated hospital wastewater. This studied suggested that Ps. aeruginosa might cause
further health problem because the majority of these isolates were highly resistant to
many antibiotics that might transfer R-factor to other bacteria in natural water and be
back to cause infection in hospitalized patients who were prone to infection with
severe outcome and in any populations with health risks. Thus this study emphasize
the significance of hospital wastewater without effective treatment as a reservoir and
a source of distribution of large numbers of Ps. aeruginosa with highly resistant to
multiple drugs into a water environment and may further become a serious threat to

public health in future.



CHAPTER III

RESEARCH METHODOLOGY

3.1 Methodology

This study was performed by survey and experiments using the
questionnaires as  the data collection tools from 31 head wards and 208 nurses in
wards at Maharat Nakhon Ratchasima Hospital. Furthermore, the cultures were
collected from the environmental sources and analyzed for number of microorganisms
which were commonly found in the wards. Specimens from various environmental
sources within every ward were taken and cultured in 2 periods: before and after
giving knowledges to nurses about standard precautions, control and prevention of
microorganisms spreading. The laboratory results and the bacterial sources from the
first period were reported to the nurses and the interval of these 2 periods was 2
months.

In addition, the bactericidal efficiency of stock diluted chemical disinfectants

used in wards at Maharat Nakhon Ratchasima Hospital was also studied.

3.2 Population and Sampling

The study population consisted of 31 head wards and 450 nurses from 31
wards at Maharat Nakhon Ratchasima Hospital.
In period 1 and 2, samples from various environmental sources were taken

from 31 wards of 6 departments at Maharat Nakhon Ratchasima Hospital which were
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8 wards of Surgery, 8 wards of Medicine, 6 wards of Pediatrics, 5 wards of
Orthopedics, 3 wards of Obstetric and Gynecology and 1 ward of Eye and Ear Nose
Throat.

Questionnaires 1 were distributed to the head wards in 31 wards at Maharat
Nakhon Ratchasima Hospital.

Questionnaires 2 were distributed to the nurses in wards. The number of
Questionnaire's answers was fixed by Krejcie and Morgan (Yut, 2002) that must be at

least 208 answers.

Specimens from the environmental source samples from every ward in both
periods were sampling and cultured for Pseudomonas spp., Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli and Enterobacter cloacae. Total amount of
samples were 823 samples (408 samples in period 1 and 415 samples in period 2).

The environmental sources were
1. Plasteron patient s skin
2. Hand-wash basins (nursing area)
2.1 Sink for hand wash (nursing area)
2.2 Faucet aerators for hand wash (nursing area)
2.3 Bar soap for hand wash or faucet for hand wash solution (nursing
area)
3. Equipment wash basin

3.1 Sink for equipment wash
3.2 Faucet aerators for equipment wash

4. Potable water for patients (ward provides)

5. Antiseptic solution
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5.1 70% alcohol
5.2 Providine® antiseptic solution
5.3 0.9% normal saline solution

6. Patient’s mattress

7. Patient's coat (before use)
8. Patient's coat (after use)
9. Air conditioner
10. Flush toilet
Sampling the chemical disinfectants
The specimens from 9 samples (3 diluted chemical disinfectants x 3
samples) of stock diluted chemical disinfectants from wards at Maharat Nakhon
Ratchasima Hospital were determined for the efficiency of disinfectants against Ps.
aeruginosa ATCC 15442,
The efficiency test was repeated again for low efficient disinfectants.
The selected disinfectants were freshly prepared by Pharmaceutical Department in
Maharat Nakhon Ratchasima Hospital. The efficiency test was performed from the
first day until the expired day by 2 days interval (1,3,5,...).
Diluted chemical disinfectants were
Savlon® (1.5% chlorhexidine gluconate: 15% cetrimide) was
diluted with steriled water in a ratio 1:100.
5 gm. pose-cresol® was diluted with 1,000 ml. distilled water.
Sodium hypochlorite was diluted with water from faucet aerator

in a ratio 1:20.
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3.3 Location of Research

This research was performed at Maharat Nakhon Ratchasima Hospital and

Suranaree University of Technology (SUT).

3.4 Instrumentation

Questionnaires
1. The questionnaire for head wards (Questionnaire 1).

1.1 The content validity of the questionnaire 1 had checked by thesis
advisors and the experts of Infection Control in the hospital. There were two parts in
this questionnaire: general characteristics in the first part and idea about spreading of
Ps. aeruginosa in ward in the second part.

1.2 The reliability of the questionnaires 1 were tested by head wards
at Saint Mary’s Hospital.

1.3 The questionnaires 1 were distributed to the head wards of 31 wards
at Maharat Nakhon Ratchasima Hospital.

2. The questionnaire for nurses (Questionnaire 2).

2.1 The content validity of the questionnaire 2 had checked by thesis
advisors and the experts of Infection Control in the hospital. There were three
parts in this questionnaire: general characteristics in the first part and idea about
spreading of Ps. aeruginosa in wards in the second part and standard precautions
of work in the third part.

2.2 The reliability of the questionnaire 2 was tested by 21 nurses in

wards at Saint Mary's Hospital.
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2.3 The questionnaires 2 were distributed to nurses in 31 wards at
Maharat Nakhon Ratchasima Hospital.

3. The specimens from the environment were kept in transport media for
transferring to microbiological laboratory to culture for Pseudomonas spp.,
Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli and Enterobacter
cloacae finding.

Specimens were taken in 2 periods (823 samples), which were

3.1 First period

3.1.1 Specimens were taken from the environmental sources in
every ward which were 408 samples in total.

3.1.2 The laboratory results about Pseudomonas spp., Acinetobacter
baumannii, Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae and
the bacterial containing sources found in wards were reported to staffs of each
ward.

3.1.3 The knowledges about control and prevention of Pseudomonas
spp., Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli and
Enterobacter cloacae spreading was given to the nurses in wards.

3.2 There was two months interval for nurses in wards to control and
prevent spreading of Pseudomonas spp., Acinetobacter baumannii, Klebsiella
pneumoniae, Escherichia coli and Enterobacter cloacae.

3.3 Second period

3.3.1 Samples from the same sources as in first period were taken

again from every ward. Four hundreds fifteen specimens from these sources were
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cultured for Pseudomonas spp., Acinetobacter baumannii, Klebsiella pneumoniae,
Escherichia coli and Enterobacter cloacae.

3.3.2 The laboratory results about Pseudomonas spp., Acinetobacter
baumannii, Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae and the
containing sources found in wards were reported to staffs of each ward and informed
the head wards and head of Infection Control for control management.

Culture preparation
Specimens were kept in Stuart transport media and transferred to Blood
agar plate and Mac Conkey agar plate.
All plates were incubated at 35-37°C for 18-24 hours.
Suspected colonies were grown in trypticase soy broth (TSB) at 35-
37°C for 1 hour and then identified by biochemical tests (Donna and Grace, 1975).
Biochemical Tests
Carbohydrate utilization
Bacteria produce acidic products when they ferment certain
carbohydrates. The carbohydrate utilization test is designed to detect the change in
pH which will occur if fermentation of the given carbohydrate occurs. Acids will
lower the pH of the medium causing the pH indicator (phenol red) to turn yellow. If
the bacteria do not ferment the carbohydrate then the media remains red. If gas is
produce as a by product of fermentation, then the Durham tube will have a bubble in it.
The carbohydrate utilization test are the lactose test and the maltose test.
If the media has turned into yellow color this means positive but if it has
turned into red the result would be negative and once the bacteria have produced the gas,

as by product of fermentation then bubbles inside the tube will be seen (Donna and
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Grace, 1975).

Citrate utilization

Citrate utilization test is the test for the ability of bacteria to convert
citrate (an intermediate of the Kreb’s cycle) to be oxaloacetate (another intermediate of
the Kreb’s cycle). Citrate is the only carbon source available for the bacteria. If bacteria
cannot use citrate then it will not grow. If it can use citrate, then the bacteria grows and
the media turns to bright blue as a result of an increase in the pH of the media (Donna
and Grace, 1975).

Gelatin utilization

This technique is used to test if bacteria can digest the protein gelatin. To
digest gelatin, the bacteria produces an enzyme called gelatinase. To inoculate this
media, a transferred needle is used for stabbing the gelatin and transferring the tube into
a refrigerator. The tube should be completely chilled prior to observe. If the media is
solid after refrigeration then the test is negative (the bacteria does not digest gelatin). If
the media is liquefied even after refrigeration, then the test result is positive (Donna and
Grace, 1975).

Indole production

Bacteria can break down the amino acid, tryptophan, into indole. TSB is
inoculated by a transfer needle. After incubating the bacteria for at least 48 hours,
Kovac’s reagent is added into the media to detect whether indole has been made by the
bacteria. The development of a red/ pink layer on top of the media is a positive result
(the bacteria can breakdown tryptophan to form indole). Failure to see a red layer is

a negative result (indole is not formed from tryptophan) (Donna and Grace, 1975).
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VP (Vogues Proskauer) test

One V-P tablet and 1 ml. of distilled water are placed into a test tube
and then inoculate heavily with either 2-3 drops of a heavy suspension of the
organism to be tested or with a heavy loopful of organism directly from the plate and
incubate at 37°C for 6-8 hours, but not more than 8 hours then refrigerate overnight
for incubation. After incubation, add 3 drops of 40% KOH and mix by gently shaking.
Next add 2 drops of alpha-naphthol reagent. The reagent will form a thin layer on the
surface of the liquid. Allow the tube to stand up to 30 minutes, observe periodically
for the appearance of a cherry red color.

In a positive V-P test, the acetoin will react with alpha-naphthol in the
alkaline environment provided by the KOH to produce a cherry red color. The color
develops first at the surface and then spreads gradually into the lower part of the tube.
In a strong reaction the color appears almost immediately but weaker ones may take
20-30 minutes. No color change or the appearance of a copper color is a negative
result (Donna and Grace, 1975).

Triple sugar Iron (TSI) test

The purpose of this test is to determine whether organisms can ferment
glucose, sucrose and/ or lactose, with or without production of gas. The ability of
the organism to produce hydrogen sulphide from thiosulphate in an acid environment is

also tested. Fermentation of glucose alone will show yellow colour in the butt of

the medium, fermentation of sucrose and/ or lactose will cause both butt and slant to be

yellow. Production of hydrogen sulphide leads to blackening. Results are given as slant/

butt/ gas production/ hydrogen sulphide production.
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The positive result is A/AG (ferment glucose, lactose and/ or sucrose/
with product of gas result, but negative result is K/K (Non ferment) (Donna and Grace,
1975).
Urea test
This test is used to detect the enzyme urease which break down urea into
ammonia. Ammonia is a base and thus will raise the pH of the media if it is present.
The pH change will be indicated by a pH indicator called phenol red which is present in
the media. A color change from yellow to bright pinkish-red is positive; lack of color
change is a negative result (Donna and Grace, 1975).

Catalase test

This test is used to detect the enzyme catalase. This enzyme is
responsible for protecting bacteria from hydrogen peroxide (H,O;) accumulation, which
can occur during aerobic metabolism. If hydrogen peroxide accumulates, it becomes
toxic to the organism. Catalase breaks H,O, down into water and O,. To perform the
catalase test simply smear a small amount of the test organism onto the lid of a Petri
plate/culture dish, then add a drop of hydrogen peroxide to the smear. If bubbles become
visible (these would be the O, bubbling up) then the test is positive and conclude that
the organism makes catalase. A lack of bubbles indicates the absence of catalase (Donna
and Grace, 1975).

Oxidase test

This tests is used to test for the presence of electron transport system by
soaking filter paper disk with oxidase reagent (N,N,N',N'-p-phenylenediamine) and
allow to dry. A loop is used to aseptically transfer a large mass of pure bacteria to the

disk. The disk is observed for up to 3 minutes. If the area of inoculation turns dark blue
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to maroon to almost black, then the result is positive. If a color change does not occur
within 3 minutes, the result is negative.

A positive test will result in a color change to pink, through maroon and
into black, within 10 to 30 seconds. A negative test will result in a light pink
colorization or absence of colorization (Donna and Grace, 1975).

Motility test

The motility test is not a biochemical test. This test is used to check for
the ability of bacteria to migrate away from a line of inoculation. To perform this test,
the bacterial sample is inoculated into motility media using a needle, then simply stab in
the media as a straight line as possible and withdraw the needle very carefully to avoid
destroying the straight line. After incubating the sample for 24-48 hours, observation
can be made by checking whether the bacteria have migrated away from the original line
of inoculation. If migration away from the line of inoculation is shown, it can be
concluded that the test organism is motile (positive test). Lack of migration away from
the line of inoculation indicates a lack of motility (negative test result) (Donna and

Grace, 1975).



Table 1 The results from biochemical tests in this research.

47

c
g
IS
N
5 5 § &
E N -E S - ] 4
s £ = % g 2 g
= > S — ] —
§ 2 £ = 3 § & & g =
Microorganisms ¥ £ = 8§ & = 8§ = T 3
S & & & S L 5 8 & =
Ps. aeruginosa +(@) nd + - nd nd + nd 4 +
Ps. cepacia +(-) nd + nd nd + nd + +
Ps. mallei +(@ nd nd - nd nd + nd + 0+
Ps. pseudomallei  +(g) nd + ! nd nd + nd + +
Ps. maltophelia ~ +(-) nd + - nd nd o nd + +
Acinetobacter
baumannii +O@) t - - nd nd nd nd - -
Klebsiella
pneumoniae nd + + ! + AAG + nd nd -
Escherichia coli KIA,
nd - nd + - K /AG - nd - +,-
Enterobacter
cloacae nd nd nd - + A/AG + + + +
Notes
g = gas
0 = noresponse

nd

not done



48

4. The efficiency of diluted chemical disinfectants was tested by the AOAC
Use-dilution test (Kenneth and Association of Official Analytical Chemists, 1990).

Materials

1, 5 and 10 ml. volumetric pipets

Mohr pipets graduated to 0.1, 1, 5 and 10 ml.

100 ml. measuring cylinder graduated in 1 ml division

20 x 150 mm. bacteriological culture tubes (test culture and subculture tubes)

Water bath was set to 20 + 0.2°C for medication tubes

Racks for test tubes

Incubator was set to 37 + 0.2°C

4 mm. transfer loop (loop was bent at 30 angle with stem) or 10 pl.
Eppendorf (tip ejection) pipet (or equivalent)

100 pl. Eppendorf (tip ejection) pipet

100 ml., 250 ml. beakers

15 x 110 mm. petri dishes: filter paper (Whatman No.2) was placed into the
petri dishes and sterilized by autoclave at 121°C for 15 min.

25 x 150 mm. pyrex test tubes for medication tubes

Carriers: polished stainless steel cylinders (Penicillin cups) size8 mm.,6
mm., length of cup 10 mm.

All glasswares were sterilized for 2 hours at 180°C

Sterilized distilled water

1N sodium hydroxide solution (use for carriers cleaning)

0.1% asparagin solution (in distilled water)

Forcep and transfer loops
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Organisms preparation
The bacteria that used for testing was Ps. aeruginosa ATCC 15442. They

were cultured for 48-54 hours at37°C in 10 ml. liquid media. Bacteria were then
collected and put into a beaker size 100 ml. Amount for testing was about 20 ml.

Carriers preparing

Cleaned carriers (10 carriers per one bacteria) were put into 1N sodium
hydroxide overnight before washing them by distilled water for many times. Let the
carriers dried and then put them into 0.1% asparagin solution and sterilized at 121°C
for 15 min.

Use-Dilution method

1. All 10 carriers were transfered into the beaker containing bacteria. After
10 to 15 minutes, the forceps were then used to remove each carrier, put it on the filter
paper that was on the bottom of the steriled pertri dish in vertical position with the
same distance between each of them. They were then incubated at 37°C for 20 to 60
minutes.

2. Each sample of diluted chemical disinfectants was prepared and used for

testing. Ten tubes were used per 1 sample and each tube contained 5 ml. of sample.

3. The prepared carriers were put into tube dilution (1 carrier per 1 tube).
The timer was started when the first carrier was put into the first tube, the next carrier
was put into the following tube by 1 minute apart until finished. After 10 minutes,
each carrier, which was in diluted disinfectant tube, was transferred into subculture
media by using holdfast hooked the carrier. The first carrier was transferred first,
followed by the rest by 1 minute apart until finished.

4. The carriers were cultured in subculture tubes for 48 hours at 37°C.
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5. Turbidity in the subculture tubes was observed and reported as
the positive results.
Evaluation
1. Bacterial growth must not be shown in any of the ten subculture tubes.
2. If the growth of bacteria was found in even one tube, indicating that

dilution in the group of samples did not safe enough to kill the bacteria.

3.5 Data Collections

1. The thesis proposal was sent to the board of directors of Maharat Nakhon
Ratchasima Hospital for permission.

2. The thesis proposal was sent to the head of Infection Control and the head
wards at Maharat Nakhon Ratchasima Hospital to inform about the research.

3. Questionnaires were distributed and collected from head wards and nurses in
wards.

4. Specimens were collected in transport media for transferring to

microbiological laboratory for bacterial identification.

5. The laboratory results about Pseudomonas spp., Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae and the bacterial
containing sources found in wards were reported to nurses in wards.

6. The knowledges about standard precautions of work, control and prevention
of Pseudomonas spp. spreading in the ward were given to nurses in wards.

7. After 2 months, specimens from the same sources as the first period were
collected in transport media for transferring to microbiological laboratory for bacterial

identification.
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8. The laboratory results about Pseudomonas spp., Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae and the bacterial
containing sources found in wards were reported to the experts of Infection Control,
head wards and nurses in wards for control and prevention management.

9. The efficiency of diluted chemical disinfectants using in wards at Maharat
Nakhon Ratchasima Hospital was tested by the AOAC Use-dilution test (Kenneth

and Association of Official Analytical Chemists, 1990).

3.6 Data Analysis

Statistical analysis with t-test (P =0.05) by using the SPSS for Window V.15

software program (Finny, 1971) was used for data analysis.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Results

Pseudomonas spp. in wards at Maharat Nakhon Ratchasima Hospital were
studied to compare number of species of microorganisms cultured from the
environmental sources before and after giving knowledges to the nurses. Species of
Pseudomonas that associated with human diseases from the environments,
Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli and Enterobacter
cloacae in the environmental sources and bactericidal efficiency of diluted chemical
disinfectants used in wards were studied. The results were presented into 3 parts as
follows:

1. The information taken from questionnaires.

1.1 General characteristics of head wards and nurses in wards at Maharat

Nakhon Ratchasima Hospital.
1.2 Knowledges about spreading of Ps. aeruginosa in wards at Maharat

Nakhon Ratchasima Hospital.
1.3 Standard precaution procedures for nurses in wards at Maharat

Nakhon Ratchasima Hospital.
2. Microorganisms from the environmental sources in wards at Maharat

Nakhon Ratchasima Hospital.
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3. The bactericidal efficiency of diluted chemical disinfectants which were

used in wards at Maharat Nakhon Ratchasima Hospital.

1. The information taken from questionnaires.
1.1 General characteristics of head wards and nurses in wards at Maharat

Nakhon Ratchasima Hospital.

Table 2 Socio-demographic characteristics of head wards and nurses in wards at

Maharat Nakhon Ratchasima Hospital.

Characteristics Head wards (n = 31) Nurses in wards (n = 208)
Number Percentage Number Percentage
Age group (years)
21-30 0 0 70 33.65
31-40 2 6.45 74 35.58
41-50 18 58.07 43 20.67
51-60 11 35.48 21 10.10
mean + S.D. 47.71 £ 4.28 35.87 £ 9.06
min - max 38-56 20-59
Classified
Registered nurse 31 100 189 90.87
Technical nurse 0 0 19 9.13
Gender
Male 0 0 5 2.40

Female 31 100 203 97.60
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The studied subjects included 31 head wards and 208 nurses in wards at
Maharat Nakhon Ratchasima Hospital. The distribution of studied subjects by age,
classified and gender were shown in Table 2.

Most of head wards were 41 to 50 years (the mean age was 47.71 years). All
31 head wards were registered nurses and female. Most of nurses in wards were 31 to
40 years (the mean age was 35.87 years). Among 208 nurses in wards, 90.87% were
registered nurses and 9.31% were technical nurses. 97.60% of nurses in wards were

female and 2.40% were male.

1.2 Knowledges about spreading of Ps. aeruginosa in wards at Maharat
Nakhon Ratchasima Hospital.
Table 3 Knowledges about spreading of Ps. aeruginosa in wards at Maharat Nakhon

Ratchasima Hospital. (Head wards, n = 31) (Nurses in wards, n = 208)

Head wards Nurses in wards
(n=31) (n =208)
Knowledges about spreading Yes % No % Yes % No %
1. Do you know what 27 88.10 4 1290 185 88.94 23 11.06
Pseudomonas spp. is?
2. Did Ps. aeruginosa cause 25 8065 6 1935 174 83.65 34 16.35

antibiotic resistant at Maharat
Nakhon Ratchasima Hospital?
3. Do Pseudomonas spp. grow 27 8710 4 1290 175 84.13 33 15.87

in water?
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Head wards Nurses in wards
(n=31) (n=208)
Knowledges about spreading Yes % No % Yes % No %
4. Did mowing and cutting 12 3871 19 6129 105 50.48 103 49.52
trees effect on spreading of
Pseudomonas spp. in the
hospital?
5. Did the sink cause spreading 27 8710 8 2581 180 86.54 28 13.46
of antibiotic resistant gram
negative bacilli bacteria?
6. Did you think staff’s sinks 20 6452 11 3548 159 76.44 49 23.56
are clean enough?
7. Have your staffs ever cleaned 11 3548 20 6452 105 50.48 103 49.52
the medical equipments in the
hand wash sinks?
8. Have your staffs ever washed 9 29.03 22 7097 62 29.81 146 70.19
their hands before nursing care
for each patient at the medical
equipment sinks or cooking
sinks?
10. When the patients are 28 9032 3 968 172  82.69 36 17.31

discharged from the hospital, do
your staffs change the bed

sheets immediately?
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Head wards Nurses in wards
(n=31) (n=208)
Knowledges about spreading Yes % No % Yes % No %
11. Did your staffs change the 29 9355 2 6.45 169 81.25 39 18.75
bed sheets immediately when it
was found secretions or blood?
12. When the nurse found dirtor 23 7420 8 2580 142  68.27 66 31.73
dust contaminations, did your
staffs change the bed sheets
immediately?
13. Before changing the bed 12 3871 19 6129 110 52.88 98 47.12

sheet, did your staffs clean the

mattress everytime?

Details of knowledges about spreading of Ps. aeruginosa were shown in Table

3. It was found that most of head wards and nurses in wards had high percentage of

knowledges about spreading of Ps. aeruginosa, but had low percentage in head wards

that staffs of wards always clean the mattress before changing the bed sheet (38.71%).
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1.3 Standard precaution procedures for working nurses at Maharat

Nakhon Ratchasima Hospital.

Table 4 Standard precautions of working nurses at Maharat Nakhon Ratchasima

Hospital. (Questionnaire 2, n = 208)

Standard precautions for working

nurses Number

Everytime

%

Sometimes

Number

%

Number

Never

%

1. You often wash your hands 146
before nursing care for each

patient.

2. You have ever wash your 177
hands after nursing care for each
patient.

3. You often wash your hands 167

with antiseptic.

4. If your gloves tear, you will 199
change them.

5. You always wear gloves 72
while you are taking care of
patients.

6. You always wear gloves when 164

you have to touch patient’s blood

or secretion.

7. You wash your hands after 19

taking off your gloves.

70.19

85.10

80.29

95.67

34.62

78.85

9.13

62

31

41

136

44

19

29.81

14.90

19.71

4.33

65.38

21.15

9.13

0

170

0

81.73
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Standard precautions for working Everytime Sometimes Never
nurses Number % Number % Number %

8. You change your gloves 176 84.62 23 11.06 9 4.33

when you make a new activity.

9. You wear aneedle sheathby 132 63.46 76 36.54 0 0

one hand.

10. You cut drug ampule by using 68 32.69 137 65.87 3 1.44

cover gauze.

11. You always wear mask 63 30.29 132 63.46 13 6.25

before exposing patients.

12. You always take a mask at 120 57.69 76 36.54 12 5.80

neck when you finish your

activity.

13. You will change mask when 187 89.90 17 8.17 4 1.92

it wet.

14. You always wear the 63 30.29 125 60.10 20 9.62

accessories (gloves, mask, apron,

eye-glass, etc.) for protecting

body before exposing patients.

15. You always suggest to 36 17.31 160 76.92 12 5.77

patients or their family
members to take part in
prevention themselves about

infection in ward.
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Details of standard precaution practices were shown in Table 4. It was found

that most of the working nurses had high percentage of nursing care on standard
precautions, but had low percentage in washing their hands after taking off their
gloves (9.13 %) and always suggest patients or their family members to take part in

preventing themselves from infection in wards (17.31 %).

Table 5 Standard precaution practice levels of working nurses at Maharat Nakhon

Ratchasima Hospital (n = 208)

Standard precaution levels Number %
High level (score 24-30) 114 54.81
Medium level (score 18-23) 88 42.31
Low level (score <18) 6 2.88

mean + S.D. = 23.6 £ 2.42 min-max = 17-29

Scores of standard precaution for each question were

Everytime = 2 score
Sometimes = 1 score
Never = 0 score

The standard precaution procedures for working nurses at Maharat Nakhon
Ratchasima Hospital were at (54.81%) high level, and only 2.88% of working nurses

had low level which was shown in table 5.
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2. Microorganisms from the environmental sources in wards at Maharat

Nakhon Ratchasima Hospital.

Table 6 The present of Pseudomonas spp., Acinetobacter baumannii, Klebsiella
pneumoniae, Escherichia coli and Enterobacter cloacae in specimens sampled from
several environmental sources before and after giving the knowledges in wards at

Maharat Nakhon Ratchasima Hospital.

£
= 2 .
- . — o
The enviromental © 2 © e 3 S S Total
(%] © — <5 c —_
= © £ 2 5 S i &
sources =) S i S e 8 = 5 &
= S B 3 = S © = 2
& 8 S a S S 8 2 g
o & & &% » 'S 2 2 c
[a [a o [a o <C X L L
1. Plaster on
Patient’s skin.
Before 0 0 0 0 0 1 0 0 0 1
After 0 0 0 0 0 0 0 0 0 0
2. Sink for
hand wash
(nursing area).
Before 8 0 0 0 7 8 7 1 1 32
After 9 0 0 0 3 8 2 2 2 26

Notes

408 samples in period 1, 415 samples in period 2.
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The enviromental

sources

Ps.aeruginosa

Ps.cepacia

Ps.mallei

Ps.pseudomallei

Ps.maltophelia

Acinetobacter baumannii

Klebsiella pneumoniae

Escherichia coli

Enterobacter cloacae

Total

3. Faucet aerators
for
hand wash
(nursing area).
Before
After
4. Bar soap for
hand wash or
faucet for
hand wash
solution
(nursing area).
Before
After
5. Sink for
equipment
wash.
Before

After

Notes

10

10

12

408 samples in period 1, 415 samples in period 2.

26

18

24

28
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The enviromental

sources

Ps.aeruginosa

Ps.cepacia

Ps.mallei

Ps.pseudomallei

Ps.maltophelia

Acinetobacter baumannii

Klebsiella pneumoniae

Escherichia coli

Enterobacter cloacae

Total

6. Faucet aerators
for equipment
wash.

Before

After

7. Potable water
for patients
(ward
provides).

Before

After

8. 70% alcohol

(treatment unit).

Before

After

Notes

408 samples in period 1, 415 samples in period 2.

22

16
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9. Providine®
antiseptic
solution
(treatment unit).
Before 0 0 0 0 0 0 0 0 0 0
After 0 0 0 0 0 0 0 0 0 0
10. 0.9% normal
saline solution
(treatment unit).
Before 0 0 0 0 0 0 0 0 0 0
After 1 0 0 0 0 1 0 0 0 2
11. Patient’s
mattress.
Before 0 0 0 0 0 1 0 0 0 1
After 0 0 0 0 0 3 1 0 0 4
12. Patient’s coat
(before use).
Before 0 0 0 0 0 0 0 0 0 0
After 0 0 0 0 0 1 0 0 0 1
Notes

408 samples in period 1, 415 samples in period 2.
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13. Patient’s coat
(after use).
Before 1 0 0 0 0 1 0 1 0 3
After 1 0 0 0 0 0 0 2 0 3
14. Air
conditioner.
Before 1 0 0 0 0 1 0 0 0 2
After 1 0 0 0 0 0 0 0 0 1
15. Flush toilet.
Before 3 0 0 0 2 9 2 3 1 20
After 4 0 0 0 0 7 3 5 1 20
Total
Before 25 0 0 0 24 48 17 13 9 136
After 30 0 0 0 8 54 19 12 7 130
Notes

408 samples in period 1, 415 samples in period 2.
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Microorganisms which were cultured from the environmental sources before
(period 1) and after (period 2) giving the knowledges in wards at Maharat Nakhon
Ratchasima Hospital were shown in Table 6. The highest number of species of
microorganisms was Acinetobacter baumannii which was found in 48 specimens in
period 1, 54 specimens in period 2, Ps. aeruginosa found in 25 specimens in period 1,
30 specimens in period 2 and Klebsiella pneumoniae found in 17 specimens in period
1, 19 specimens in period 2. The environmental source which was found the most of
microorganisms was the sink for hand wash (nursing area), 32 specimens in period 1
and 26 specimens in period 2. The second was sink for equipment wash, 24 specimens
in period 1, 28 specimens in period 2 and the faucet aerators for hand wash, 26
specimens in period 1 and 18 specimens in period 2.

The number of species of Ps. aeruginosa, Ps. maltophelia, Acinetobacter
baumannii, Klebsiella pneumoniae, Escherichia coli and Enterobacter cloacae that
were cultured from the environmental sources before and after educating about the
control and prevention of nosocomial infection (p = 0.42, 0.44, 0.45, 0.37, 0.26 and
0.39 respectively) found that no significantly differences in these two groups
(P < 0.05). In addition Ps. cepacia, Ps. mallei and Ps. pseudomallei were not found in

both before and after education.
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3. The bactericidal efficiency of diluted chemical disinfectants used in wards at
Maharat Nakhon Ratchasima Hospital.
Table 7 The bactericidal efficiency of diluted chemical disinfectants used in wards at

Maharat Nakhon Ratchasima Hospital.

Lab Results
Diluted chemical disinfectants  positive samples / total samples Date
24 hours 48 hours Made Expired
Savlon® 1:100
Sample 1 3/10 4/10 25/9/2551  2/10/2551
Sample 2 6/10 6/10 28/9/2551  5/10/2551
Sample 3 8/10 8/10 25/9/2551  2/10/2551
Pose-cresol®
Sample 1 8/10 8/10 18/9/2551  18/10/2551
Sample 2 0/10 6/10 22/9/2551  22/10/2551
Sample 3 0/10 6/10 22/9/2551  22/10/2551
Sodium hypochlorite 1:20
Sample 1 0/10 0/10 1/10/2551  29/10/2551
Sample 2 0/10 0/10 1/10/2551  29/10/2551
Sample 3 0/10 0/10 1/10/2551  29/10/2551

Table 7 showed that sodium hypochlorite (1:20) was the most effective
disinfectant against Ps. aeruginosa ATCC 15442. While savlon® (1:100) and pose-
cresol® did not pass the criteria because Ps. aeruginosa ATCC 15442 was found in

some tubes of ten tubes within 48 hours, indicating that both diluted chemical
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disinfectants could not kill the Ps. aeruginosa ATCC 15442 even before the

expiration date.

Table 8 The bactericidal efficiency of diluted chemical disinfectants with low

efficiency from Pharmaceutical Department of Maharat Nakhon Ratchasima

Hospital.
Lab Results
Diluted chemical disinfectants positive samples / total samples
24 hours 48 hours

Savlon® 1:100

day 0 0/10 0/10

day 3 7/10 8/10
pose-cresol®

day 0 10/10 10/10

The efficiency tests were shown that savlon® (1:100) could kill Ps.
aeruginosa ATCC 15442 within 48 hours only but pose-cresol® could not possibly
kill Ps. aeruginosa ATCC 15442 even within 24 hours, suggesting that both savion®
(1:100) and pose-cresol® had very poor efficiency, they did not work efficiently
as it stated in the manufactory details. The efficiency of diluted chemical disinfectants

were shown in Table 8.
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4.2 Discussion

From this research, the results were found very positive and interesting
indeed. Results of the findings were as following:

In questionnaire part, the informations from the group of head wards, almost
all of them had an average age between 41-50 years old because the higher position
was selected by the working experience. Meanwhile, nurses in wards were around 21-
40 years old. The Bachelor degree in Nursing Science was required for the head ward
position, while nurses in wards were registered nurses (90.87%) and technical nurses
(9.13%). Most of nurses in both groups were female, 97% for nurses in wards and
100% for head wards. The research was conducted by the idea about the epidemic of
Ps. aeruginosa in wards at Maharat Nakhon Ratchasima Hospital. Results of this
study suggested that attitudes of both head wards and nurses in wards were correlated
with the epidemic of Ps. aeruginosa in nearly the same high level. On the other
hand, the idea about the spreading of Ps. aeruginosa by lawn mower with this point
has shown that unknowing of the epidemic by head wards were 61.29%, which were
higher than nurses in wards which the unknowing was only 49.52%. When the
knowing of spreading out by water was better, head wards had 87.10% and nurses in
wards had 84.13%. Moreover, most of nurses (both head wards and nurses in wards)
had known very well about the epidemic of Ps. aeruginosa, which was mediated
through the water but did not realize that it could also be mediated by soil
and environmental. Informations from the questionnaires about spreading of
microorganisms from head wards were different from nurses in wards as below:

1. Nurses in wards thought that ward staffs had ever cleaned the medical

equipments in hand wash sinks 50.48% while head wards thought only 35.48%.
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2. The idea that ward staffs had ever washed their hands at the medical
equipment sinks or cooking sinks before nursing care for each patient was not quite
different, 29.03% in head wards and 29.81% in nurses in wards.

3. The idea that ward staffs did not change the bed sheets when they had
gotten dirty by dust and dirt. There were 25.8% in head wards and 31.73% in nurses
in wards.

4. The idea that ward staffs did not regularly sanitize the beds before
changing the sheet were 61.29% in head wards and 47.12% in nurses in wards.

All practices above had affected spreading out of Ps. aeruginosa such as
microorganisms from medical appliances could contaminate in the staff’s sinks.
Without washing their hands before and after the nursing care could cause getting
diseases from whom that used the sink and was able to pass microorganisms to
patients. Moreover, 29.03% of head wards and 29.81% of nurses in wards thought
that their staffs were still used medical equipment sinks or cooking sinks to wash their
hands before nursing care which was a condition for microorganisms spreading as
well. The amount of bacterial species causing diseases was found around staff’s sinks
which were 32 spp. in period 1 and 26 spp. in period 2, their taps were 26 spp. in
period 1 and 18 spp. in period 2 as well as around equipment sinks were 24 spp. in
period 1 and 28 spp. in period 2, their taps were 22 spp. in period 1 and 16 spp. in
period 2. Every kind of screened bacteria except Ps. cepacia, Ps. mallei and Ps.
pseudomallei was found. Ps. cepacia and Ps. mallei are not found in Thailand (Selina,
Online, 2007). Ps. cepacia seldom infects humans. Ps. mallei causes glanders, a
serious infectious disease of animals (primarily horses, although it also has been

isolated in donkeys, mules, goats, dogs, and cats). Transmission is believed to occur



70

through direct contact. Glanders transmission to humans is rare and presumably
occurs through inoculation of broken skin or the nasal mucosa with contaminated
discharges. Ps. pseudomallei is endemic in Southeast Asia, but infections outside this
area are uncommon (Selina, Online, 2007). Ps. aeruginosa and Ps. maltophelia that
associated with human diseases were isolated from the environment in wards at
Maharat Nakhon Ratchasima Hospital.

Acinetobacter baumannii and Klebsiella pneumoniae were found in mattress
due to humidity and dust from environment in hospital (Pattarachai, 2006). The
mattresses are significant bacterial accumulated sources that contact directly to the
patients and bacteria can easily spread to patients. Another important factor was the
patient’s clothes that could be the sources of bacteria. Thus, cleaning the mattresses,
sheets and clothes are necessary.

From the specimens of environmental sources, Acinetobacter baumannii was
found just once. Besides, Ps. aeruginosa, Acinetobacter baumannii and Escherichia
coli were found in the patient’s clothes after wearing. If the lying was not good
enough and had overflow from the bucket or unwearing the gloves to collect the
patient’s clothes, that would be the cause that made these bacteria to spread out. The
other cause that should not be ignored was plasters that sticked with the wound
patients. Humidity also be the cause that made Acinetobacter baumannii could be
found.

Ps. aeruginosa and Acinetobacter baumannii in the water, which was
prepared for patients and relatives and also the staffs in some wards, were also
observed. From observation and questioning the nurses in wards, it was found that

they used the glasses in the wards that have been prepared for relatives of patients to
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fetch from the tank of the filtered drinking water and did not turn on the hydrant from
that tank that had been prepared. This was a cause of the contamination of water
because of dirty hands and dirty glasses. If these bacteria entered the gastrointestinal
tract, it would cause the tract infection (Sopon, 1981).

“Sterilizing solution”, such as 70% alcohol, providine® antiseptic solution
and 0.9% normal saline solution, is the solution that must not be possibly found the
bacteria. Surprisingly, in this study, bacteria (Ps. aeruginosa and Acinetobacter
baumannii) was found in 0.9% normal saline solution. This solution are usually used
for wound cleaning, locking the blood vessel to give the medicine through the vessel.
By observing and interviewing the nurses, it was found that they have used 0.9%
normal saline solution for over than 24 hours after opening the bottles due to the night
shift nurses who had prepared the treatment cart and used it again from the past
schedule without specify the opened time and the expired time. Moreover, the
researcher discovered that the 0.9% normal saline solution bottle had been punctured
by the syringe and it was still remaining on the rubber cork. Which would let
the bacteria could pass through the bottle if it was contaminated. When the
contaminated one was used with the patients, it would cause the wound and the blood
vessels to be infected in the other way (Pattarachai, 2006).

After comparing the amount of the bacteria which were in the environmental
sources before and after giving knowledges to nurses about control and prevention of
microorganisms spreading, there was no significant difference between these sources
groups (P < 0.05).

In studied case about standard precautions of nurses in wards were found

54.81% at high rate and 42.31% at medium rate which was nearly the same and 2.88%
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at low level. These findings indicated that standard precautions of nurses in wards
were not well comprehensive, that would be the important part to raise the amount of
bacteria in the environment. Before and after giving knowledges to the nurses about
“standard precautions, control and prevention”, the bacteria in the environmental
sources were not different. The reasons that nurses did not aware towards standard
precautions may be due to over workload, over confidence and ignorance that were
reported by several studies (Conly, Hill, Ross, Lertzman, and Louie, 1978).

The further information taken from questionnaires from nurses in wards were
1) wearing a mask before exposing patients everytime (30.29%), sometimes (63.46%)
and did not equip (6.25%), and 2) always wearing the accessories (gloves, mask,
apron, eye-glass, etc.) before give nursing care for each patient (30.29%), sometimes
(60.1%) and did not equip (9.62%). Moreover, the researcher had found that how to
convince nurses to strict to the standard precautions was very important. Nurses in
wards did not regularly practice. Although, the record was not shown that they
ignored to practice but they occasionally practice, this could also be the factor that
made the bacteria easily spread by the nurses in wards to other patients.

Within the wards that had different diseases and symptoms, it could make the
bacteria spread through other patients. It was found that the nurses washed their hands
before nursing care for each patient for sometimes (29.81%), washed their hands after
nursing care for each patient for sometimes (14.90%) and used the gloves when they
had to touch patient’s blood or secretion for sometimes (21.15%). Besides, there was
a very important information that the percentages of sometimes practice was higher
than always practice. The using of gloves when nursing care to patients was found

that the sometimes practice was at high rate as 65.38% while always practice was
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only 34.62%, As well as cutting drug ampule by not using cover gauze was 1.44% and
65.87% for sometimes, so the bacteria could contaminate the syringe.

For the bactericidal efficiency test for 3 types of the disinfectant solutions
using within the wards, each type had 3 samples, it was found that the only solution
that passed the criterion that could sterilize the Ps. aeruginosa ATCC 15442 was
sodium hypochlorite (1:20). Other solutions, savlon® (1:100) and pose-cresol® did
not pass the criteria because the infection of Ps. aeruginosa ATCC 15442 was found
in some tubes of ten tubes within 48 hours, indicating that both diluted chemical
disinfectants could not kill the Ps. aeruginosa ATCC 15442 even before expired date
period. Therefore, the test was repeated again for these poor efficient solutions. It was
found that savlon® (1:100) could kill the Ps. aeruginosa ATCC 15442 but it was not
exceed 48 hours after application. It passed the criteria within 48 hours but it did not
pass the criteria after 48 hours while it had stated to expire within 7 days. For the
pose-cresol®, it produced a very poor result indeed. It was unable to kill Ps.
aeruginosa ATCC 15442 within 24 hours and the time it had stated to be expire was
30 days.

The results came to the conclusion of these tests that both savlon® (1:100)
and pose-cresol®had very poor efficiency, they did not work efficiently as it stated in
the manufactory details. If it was continued to be used at the same concentration in the
hospital it could be danger to risk of spreading the bacteria from one patient to
another. Our findings matched to the test results from Sappasittiprasong
Ubolratchathani Hospital, savlon® (1:100) did not pass the criteria and they explained
that it might be contaminated during the dilution process of savlon® (1:100) in

Pharmaceutical Department. Eight lot (57.40%) out of fourteen lots of diluted
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chemical disinfectants used in hospital were contaminated (Suppasittipasong
Ubonrachtanee Hospital, 2536). At Maharat Nakhon Ratchasima Hospital, savlion®
(1:100) is usually used to flash for cleaning the sexual organ, both before and after
putting the urethral catheter and cleaning the sexual organ before pelvic examination
and pose-cresol® is normally used for soaking clinical thermometer. The causes of
errors in such standard dilution of chemical disinfectants to be used in hospital could
be possibly due to their low quality, low constant or over dilution for saving the cost.
Out of standard disinfectant solution that was produced by the company could also be
the important part in the quality of the chemical disinfectants that were diluted and
used in hospitals. Other factors, the mixing container and the environment around that
area were also important. By using the low quality chemical disinfectants, there was a
high risk rate because it was not only harmful to the patients directly but it also caused
nosocomial infections and it could be spread outside the hospitals later on. The
effectiveness of the chemical disinfectants use in the hospitals has been concerned for
many years. One hundreds and two samples of the chemical disinfectants from 32
hospitals throughout the country were tested for their disinfectants qualities. The
results showed that 43.1% samples were out of standard. (Department of Medical
Sciences Center of Thailand, 2536). Thus, the chemical disinfectants which were out

of standard, were one of the harmful reasons for nosocomial infections.



CHAPTER YV

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This research used the questionnaires for data collection from 31 head
wards and 208 nurses in wards at Maharat Nakhon Ratchasima Hospital.
Attitudes of head wards and nurses in wards were correlated with the epidemic of Ps.
aeruginosa in nearly the same high percentage. The standard precaution practices
for working nurses were 54.81% at high level. In addition, collected samples from the
environmental sources were analyzed for the number of species of microorganisms
found in the wards in 2 periods with 2 months interval which were before and after
giving knowledges to nurses about standard precautions, control and prevention of
microorganisms spreading. Results of the findings are as follow

1. In the comparison between the amount of the bacteria found in the
environmental sources before and after giving the knowledges to nurses about control
and prevention of microorganisms spreading, there was no significant differences in
these selected sources groups.

2. The species of Pseudomonas found in the environmental sources in
common wards at Maharat Nakhon Ratchasima Hospital were Ps. aeruginosa and Ps.

maltophelia. These Pseudomonas spp. are associated with human diseases.
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3. Microorganisms were found in every selected environmental source,
except in 70% alcohol and providine® antiseptic solution in common wards at
Maharat Nakhon Ratchasima Hospital.

From the bactericidal efficiency test of diluted chemical disinfectants used in
wards at Maharat Nakhon Ratchasima Hospital, the only chemical disinfectant that
passed the criterion which was able to kill the Ps. aeruginosa ATCC 15442 was
sodium hypochlorite (1:20) while savion® (1:100) and pose-cresol® did not pass the
criteria. The tests were repeated again for the low efficiency chemical disinfectants,

savlon® (1:100) and pose-cresol®. These two chemical disinfectants were diluted by

Pharmaceutical Department at Maharat Nakhon Ratchasima Hospital and tested for
bactericidal efficiency from the first day until the expired day by 2 days interval
(1,3,5,...). The efficiency test results showed that only savlon® (1:100) was able
to pass the criteria within 48 hours after application. However, its bacterical effects
on Ps. aeruginosa ATCC 15442 did not pass the criteria after 48 hours, indicating that
this diluted disinfectant did not work efficiently as it stated in the manufactory
efficiency rate of 7 days. Furthermore, the pose-cresol® had produced a very poor
result indeed. It was not able to kill Ps. aeruginosa ATCC 15442 within 24 hours and

the time that it had stated to be expired was 30 days.
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5.2 Recommendation

1. Recommendation from the findings of this study.

1.1 The information about sources of microorganisms which were yet found in
wards will be reported to the head of Infection Control for control and prevention
management.

1.2 Improvement the knowledges about standard precautions, control and
prevention of microorganisms spreading can be done by having a short course training
program for nurses.

1.3 The findings about microorganisms found in environmental sources in wards
should make awareness to nurses for strict precautions not to spread pathogens to
patients.

1.4 Random sampling the diluted chemical disinfectants used in wards at Maharat
Nakhon Ratchasima Hospital should be frequently checked for their bactericidal
efficiency properties.

2. Future studies should be aims to

2.1 Study incidence or prevalence of other nosocomial infections and preventable
risks.

2.2 Study other microorganisms from other environmental sources in wards at
Maharat Nakhon Ratchasima Hospital.

2.3 Test the bactericidal efficiency of other disinfectants which were used in
wards at Maharat Nakhon Ratchasima Hospital.

2.4 Study the cause of risk factor for microorganisms spreading in wards at

hospital.



REFERENCES



REFERENCES

a o 4 [ a a A :’ 1 g
ATUINIFAITNTNITUNNY. (DUBI8U 2536). msdsziulszansanveitesuielu
Tsane1uia. “lumﬁﬂim;u?‘mmﬁ: ITUBNAIIUNIIBINS. NIAUNNA:
ATUANGIPNTANT NITUNNS.
Aa a 4 =1 1Y § Y
Tsawenunaassnansilsyaan UATIFEIU. (DU 2536). minaaaumstualeuluiien
] dy =) a
NILYD. Gl‘t!fni‘ﬂi%‘lg&lﬁ‘ﬁ]ﬂ]ﬁ: ITUHBNAIIUNIIIBINIS. NIIULNNA
a 4 4
NTUINNATATNITUNNE.
Alvarado, C.J. (2000). The science of hand hygiene: A self-study monograph.
University of Wisconsin ~ Medical School and Social - Health

Communications.

American Thoracic Society. (1995). Hospital-acquired pneumonia in adult.

Diagnosis, assessment of severity, initial antimicrobial therapy, and
preventive strategies. American Journal of Respiratory and Critical Care
Medicine. 153(5): 1771-1775.

Ang, SW. and Lee, S.T. (1997). The pattern of burn infection in the Singapore
national burns centre. Annals of the Academy of Medicine Singapore.
26(5): 599-603.

Aquino, V.M., Pappo, A., Buchanan, G.R., Tkaczewski, I. and Mustafa, M.M. (1995).
The changing epidemiology of bacteremia in neutropenic children with
cancer. The Pediatric Infectious Disease Journal. 14(2): 140-143.

Arnow, P.M. and Flaherty, J.P. (1996). Nonfermentative Gram-Negative Bacilli in

Hospital Epidemiology and Infection Control. (n.p.): Mayhall CG.



80

Atik, M., Liu, P.V., Hanson, B.A., Amini, S. and Rosenberg, C.F. (1968).
Pseudomonas exotoxin shock. A preliminary report of studies in dogs.
Journal of the American Medical Association. Jul 15; 205(3): 134-140.

Bartlett, J.G., Keefe, P.O., Tally, F.P., Louie, T.J. and Gorbach, S.L. (1986).
Bacteriology of hospital-acquired pneumonia. Archives of Internal
Medicine. 146(5): 868-871.

Barbara, H.l. (2007). Pseudomonas. [On-line]. Available: http://www.gsbs.utmb.edu

/microbook/ch027.htm

Bergan, T. (1981). Pathogenetic factors of Pseudomonas aeruginosa. Scandinavian
Journal of Infectious Diseases. 29(n.p.): 7-12.

Bisbe, J., Gatell, M.J., Puig, J., Mallolas, J., Martinez, A.J., Jimenez, T.M. and
Soriano, E. (1988). Pseudomonas aeruginosa bacteremia. Univariate and
multivariate analysis of factors influencing the prognosis in 133 episodes.
Reviews of Infectious Disease. 10(3): 629-635.

Bjorn, M.J., Vasil, M.L., Sadoff, J.C. and Iglewski, B.H. (1977). Incidence of
exotoxin production by Pseudomonas spp.. Infection and Immunity. 16(1):
362-366.

Bodey, G.P., Jedeja, L. and Elting, L. (1985). Pseudomonas bacteremia. Retrospective
analysis of 410 episodes. Archives of Internal Medicine. 145(9): 1621-
1629.

Bone, R.C. (1993). Gram-negative sepsis: a dilemma of modern medicine. Clinical

Microbiology Reviews. 6(1): 57-68.



81

Bridges, K., Kidson, A., Lowbury, E.J.L. and Wilkins, M.D. (1979). Gentamicin-and
silver-resistant Pseudomonas in a burns unit. British Medical Journal.
1(6161): 446-449.

Bruce, F.F. (1987). Infection Control in Intensive Care. New York: Churchill
Livingstone.

Bultitude, M.I. and Eykyn, S. (1973). The relationship between the urethoural flora
and urinary infection in the catheterised male. British Journal Urology.
45(6): 678-683.

Callahan, L.T. (1976). Ps. aeruginosa exotoxin: Purification by preparative
polyacrylamide gel electrophoresis and the development of a highly specific
antitoxin serum. Infection and Immunity. 14(1): 55-61.

Celis, R., Torres, A., Gatell, J.M., Almela, M., Roision, R. and Vidal, A. (1998).
Nosocomial pneumonia. A multivariate analysis of risk and prognosis.
Chest. 93(2): 318-324.

Centers for Disease Control. (1968). National nosocomial infections study report.
Annual Summary. 35(3): 17SS-29SS.

Chambers, S.T. and Kunin, C.M. (1987). lIsolation of glycin betaine and proline
betcune from human urine. Assessment of their role as osmoprotective
agents for bacteria and the kidney. Journal of Clinical Investigation. 79(3):
731-737.

Chervret, S., Hemmer, M., Carlet, J. and Langer, M. (1993). Incidence and risk
factors of pneumonia acquired in intensive care units. Results from
a multicenter prospective study on 966 patients. European cooperative group

on nosocomial pneumonia. Intensive Care Medicine. 19(5): 256-264.



82

Conly, J.M., Hill, S., Ross, J., Lertzman, J. and Louie, T.J. (1989). Hand-washing
practices in an intensive care unit. The effects of an educational program and
its relationship to infection rates. American Journal of Infection Control.
17(1): 330-339.

Correa, C.M., Tibana, A. and Gonitijo-Filho, P.P. (1991). Vegetables as a source of
infection with Pseudomonas aeruginosa in a university and oncology
hospital of Rio de Janeiro. Journal Hospital Infection. 18(4): 301-306.

Craven, D.E., Steger, K.A. and Barber, T.W. (1991) Preventing nosocomial
pneumonia: State of the art and perspectives for the 1990s. American
Journal of Medicine. 91(3B): 44S-53S.

Daikos, G.L., Lolans, V.T. and Jackson, G.G. (1988). Alterations in outer membrane
proteins of Pseudomonas aeruginosa associated with selective resistance to
quinolones. Antimicrobial Agents Chemotherapy. 32(5): 785-787.

Danchaivijitr, S. and Chokloikaew, S. (1989). A nation prevalence study on
nosocomial infection 1988. Journal of the Medical Association of
Thailand. 72(2): 13.

Deitch, E.A., Winterton, J. and Berg, R. (1987). Effect of starvation, malnutrition and
trauma on gastrointestinal tract flora and bacterial translocation. Archives of
Surgery. 122(9): 1019-1024.

Dogget, R.D. and Robert, P.A. (1979). Ps. aeruginosa: Clinical Manifestations of
Infection and Current Therapy. New York: Academic Press.

Donna J.B. and Grace M.E. (1975). Principles of biochemical test in diagnostic

microbiology. New York: Wiley.



83

Dorff, G.J., Gremer, N.F., Rosenthal, D.R. and Rytel, M.W. (1971). Pseudomonas
aeruginosa septicemia illustrated evolution of its skin lesion. Archives of
Internal Medicine. 128(4): 591-595.

Earnshaw, J.J., Clark, AW. and Thom, B.T. (1985). Outbreak of Pseudomonas
aeruginosa following endoscopic retrograde cholangiopancreatography.
Journal of Hospital Infection. 6(1): 95-97.

Fergie, J.E., Shema, S.J., Lott. L., Crawford, R. and Patrick, C.C. (1994).
Pseudomonas aeruginosa bacteremia in immunocompromised children:
analysis of factors associated with a poor outcome. Clinical Infectious
Disease. 18(3): 390-394.

Fink, M.P., Snydman, D.R., Niederman, M.S. and Leeper, K.V. (1994). Treatment of
severe pneumonia in hospitalized patients: Results of a multicenter,
randomize, double-blind trial comparing intravenous ciprofloxacin with
imipenem-cilastatin. The Severe Pneumonia Study Group. Antimicrobial
Agents and Chemotherapy. 38(3): 547-557.

Finny, D.J. (1971). Probit analysis, 3" (ed.). U.K. Cambridge University. 333.

Garibladi, R.A. (1993). Hospital Acquired Urinary Tract Infections in Prevention
and Control of Nosocomial Infection. (n.p.).

Gatell, J.M., Trilla, A., Latorre, X., Almela, M., Mensa, J., Moreno, A., Miro, J, M.,
Martinez, J. A., Jimenez de Anta, M. T., Soriano, E. and Garcia San Miguel,
J. (1988). Nosocomial bacteremia in a large spanish teaching hospital:
Analysis of factors influencing prognosis. Review of Infectious Disease. 10

(1): 203-210.



84
Gillian, U., Mark, Z., Roy, M.A. and Timothy R.H. (1998). Medical Microbiology:

Hospital Infection, Sterilization and Disinfection. UK: Moshy. 495.

Gotoh, N., Itoh, N., Tsujimoto, H. and Yamagishi, J. (1994). Isolation of OprM-
deficient mutants of Pseudomonas aeruginosa by transposon insertion
mutagenesis: Evidence of involvement in multiple antibiotic resistance.
FEMS Microbiology Letters. 122(3): 267.

Gotoh, N., Tsujimoto, H., Nomura, A., Okamoto, K., Tsuda, M. and Nishino, T.
(1998). Function replacement of OprJ by OprM in the MexCD-OprJ
multidrug efflux system of Pseudomonas aeruginosa. FEMS Microbiology
Letters. 165(1): 21-27.

Gray, L. and Kreger, A. (1979). Microscopic characterization of rabbit lung damage
produced by Pseudomonas aeruginosa proteases. Infection and Immunity.
23(1): 150-159.

Grundmann, H., Kropec, A., Hartung, D., Berner, R. and Daschner, F. (1993).
Pseudomonas aeruginosa in a neonatal intensive care unit: Reservoirs and
ecology of the nosocomial pathogen. Journal of Infectious Disease. 168
(4): 943-947.

Graham, A.J.A. (2000). Control of Hospital Infection: A practical handbook.
(4Med.). New York: USA by Oxford University Press. 101-102.

Graham, W. and Edmund B. (2000). The Bacteriology of Water. Great Britain:
(n.p.). 252.

Gross, P.A., Neu, H.C., Aswapokee, P., Van A.C. and Aswapokee, N. (1980). Deaths
from nosocomial infections: Experience in a university hospital and

a community hospital. American Journal of Medicine. 68(2): 219-223.



85

Haley, R.W., Culver, D.H. and White, J.W. (1985). The efficacy of infection
surveillance and control programs in preventing nosocomial infections in
USA hospitals. American Journal of Epidemiology. 121(1): 182-250.

Heideman, M. and Bengtsson, A. (1992). The immunologic response to thermal
injury. World Journal of Surgery. 16(1): 53-56.

Horan, T., Culver, D. and Jarvis, W. (1988). Pathogen causing nosocomial infection
in Center of Disease Control. Antimicrobial News Letter. 5(1): 65-67.

Hsueh, P.R., Teng, L.J., Yang, P.C., Chen, Y.C., Ho, SW. and Luh, K.T. (1998).
Persistence of multidrug-resistant Pseudomonas aeruginosa clone in an
intensive care burn unit. Journal of Clinical Microbiology. 36(5): 1347-
1351.

Iglewski, B.H. and Kabat, D. (1975). NAD-dependent inhibition of protein synthesis
by Ps. aeruginosa toxin. Proceedings of the National Academy of
Sciences of the United States of America. 72(6): 2284-2288.

Inglis, T.J.J. (1997). Clinical Microbiology. Singapore: Longman Singapore. 70.

James, T. and Barrett. (1998). Microbiology Immunology Concepts. Philadelphia:
Lippincott -Raven. 64-65.

Jones, R.N., Pfaller, M.A., Marshall, S.A., Hollis, R.J. and Wike, W.W. (1997).
Antimicrobial activity of 12 broad-spectrum agents tested against 270
nosocomial blood stream infection isolates caused by non-enteric gram-
negetive bacilli: Occurrence of resistance, molecular epidemiology, and
screening for metallo-enzymes. Diagnostic Microbiology Infectious

Disease. 29(3): 187-192.



86

Kathleen, T. and Arthur, T. (1996). Microbiology Basic Principles. United States of
America: Wm. C. Brown. 197.

Kenneth, H. and Association of Official Analytical Chemists. (1990). Official
Methods of Analysis of the Association of Official Analytical Chemists.
Arlington, VA: The Association of official analytical chemists.

Kessner, D.M. and Lepper, M.H. (1967). Epidemologic studies on gram-negative
bacilli in the hospital and community. American Journal of Epidemiology.
85(1): 45-60.

Kinoshita, M., Sawabe, E. and Okamura, N. (1997). Concept of segmentation in
nosocomial epidemiology: Epidemiological relation among antimicrobial-
resistant isolates of Ps. aeruginosa. Journal of Infection. 35(3): 269-276.

Krieger, J.N., Kaiser, D.L. and Wenzel, R.P. (1983). Urinary tract etiology of
bloodstream infections in hospitalized patients. Journal of Infectious
Disease. 148(1): 57-62.

Leigh, L. (1995). Pseudomonas aeruginosa infection in very low birth weight infants:
A case-control study. Journal of Pediatric Infectious Disease. 14(5): 367-
371.

Leu, H.S., Kaiser, D.L., Mori, M., Woolson, R.F. and Wenzel, R.P. (1989). Hospital
acquired pneumonia: Attributable mortality and morbidity. American
Journal of Epidemiology. 129(6): 1258-1267.

Liu, P.V. (1974). Extracellular toxins of Ps. aeruginosa. Journal of Infectious

Disease. 130: S94-S99.



87

Liu, P.V., Yoshii, S. and Hsieh, H. (1973). Exotoxins of Ps. aeruginosa II.
Concentration, purification and characterization of exotoxin A. Journal of
Infectious Disease. 128(4): 514-519.

Lory, S. (1990). Pseudomonas and other Nonfermenting Bacilli in Microbiology.
(4™ed.). Philadelphia: J.B. Lippibobott. 595-600.

Luckana, C. (1986). Pneumonia in Patient on Respirator. M.Sc. thesis Dissertation,
University of Mahidol, Thailand.

Lynch, P. (1997). Infection Prevention with Limited Resources. ETNA
Communications: Chicago.

Maharat Nakhon Ratchasima Hospital. (2006). A Point Prevalence Survey on
Nocosomial Infections in Maharat Nakhon Ratchasima Hospital.
Nakhon Ratchasima. (n.p.).

Maharat Nakhon Ratchasima Hospital. (2006b). Ventilator-Associated Pneumonia
Research in Maharat Nakhon Ratchasima Hospital. Nakhon Ratchasima.
(n.p.).

Manson, W.L., Pernot, P.C.J., Fidler, V., Saver, E.W. and Klasen, H.J. (1992).
Colonization of burns and the duration of hospital stay of severely burned
patients. Journal of Hospital Infection. 22(1): 55-63.

Marcus, M.J., Donald, N.W. and Richard, A.R. (1997). Microbiology for the Health
Sciences. (4"ed.). Upper Saddle River, NJ: Prentice Hall. 307-308.
Matthew, P. (1990). Pseudomonas aeruginosa. Principles and Practice of

Infectious Diseases. (3"ed.). America: Churchill Livingstone. 1673-1677.

Mayhall, C.G. (1993). Surgical Infections including Burns in Prevention and

Control of Nosocomial Infections. (n.p.). 614-641.



88

Mayhall, C.G. (1996). Nosocomial Burn Wound Infections in Hospital
Epidemiology and Infection Control. (n.p.). 225-236.

Michea-Hamzehpour, M., Lucain, C. and Pechere, J.C. (1991). Resistance to
pefloxacin in Pseudomonas aeruginosa. Antimicrobial Agents and
Chemotherapy. 35(3): 512-528.

Morrisson, A.J. and Wenzel, R.P. (1984). Epidemiology of infections due to
Pseudomonas aeruginosa. Reviews of Infectious Disease. 6(1): S627-S642.

Mull, J.D. and Callahan, W.S. (1965). The role of the elastase of Pseudomonas
aeruginosa in the experimental infection. Experimental and Molecular
Pathology. 4(6): 567-575.

Murthy, S.K., Baltch, A.L., Smith, R.P., Desjardin, E.K., Hammer, M.C., Conroy,
J.V. and Michelsen, P.B. (1989). Oropharyngeal and fecal carriage of
Pseudomonas aeruginosa in hospital patients. Journal of Clinical
Microbiology. 27(1): 35-40.

Nicholls, T.M. and Morris, A.J. (1997). Nosocomial infection in Auckland healthcare

hospitals Tanya. New Zealand Medical Journal. 110(1050): 314-317.

Ohman, D.E., Burns, R.P. and Iglewski, B.H. (1980). Corneal infections in mice with
toxin A and elastase mutants of Pseudomonas aeruginosa. Journal of
Infectious Disease. 142(4): 547-555.

Parmely, M., Gale, A. and Clabaugh M. (1990). Proteolytic inactivation of cytokines
by Pseudomonas aeruginosa. Infection Immunology. 58(9): 3009-3014.

Pattarachai Greratesin. (2006). Textbook of Medical Bacteriology. Bangkok: V.J.

Printing.



89

Pittet, D. and Wenzel, R.P. (1995). Nosocomial Bloodstream Infections. Molecular
trends in rates, mortality, and contribution to total hospital deaths. Archives
of Internal Medicine. (155): 1177-1184.

Pollack, M. (1980). Pseudomonas aeruginosa exotoxin A. New England Journal
Medicine. 302(24): 1360-1362.

Pollack, M., Taylor, N.S. and Callahan, L.T. (1977). Exotoxin production by clinical
isolates of Pseudomonas aeruginosa. Journal Clinical Investigation. 15(3):
776-780.

Pollack, M. and Young, L.S. (1979). Protective activity of antibodies to exotoxin A
and lipopolysaccharide at the onset of Pseudomonas aeruginosa septicemia
in man. Journal Clinical Investigation. 63(2): 276-286.

Ponce-de-Leon, S. (1991). The needs of developing countries and the resources
required. Journal of Hospital Infection. 18(1): 376-381.

Pruitt, B.A.J. (1974). Infections caused by Pseudomonas spp. in patient with burns
and in other surgical patients. Journal of Infectious Disease. 130: S8-S13.

Rello, J. and Torres, A. (1996). Microbial causes of ventilator-associated pneumonia.
Seminars in Respiratory Infections. 11(1): 24-31.

Rello, J., Austina, V. and Richart, M. (1993). Impact of previous antimicrobial
therapy on the etiology and outcome of ventilator-associated pneumonia.
Chest. 104(4): 1230-1235.

Rello, J., Quintana, E., Ausina, V. Espersen. F. and Gabrielsen, J. (1990). Risk factors
for Staphylococcus aureus pneumonia in critically ill patients. American

Review of Repiratory Disease. 142(6): 1320-1324.



90

Reynolds, H.H. (1985). Phagocytic defense in the lung. Antibiotics Chemotherapy.
36: 74-87.

Rose, H.D., Heckman, M.G. and Unger, J.D. (1973). Pseudomonas aeruginosa
pneumonia in adults. American Review of Respiratory Disease. 107(3):
416-422.

Salsa wisutthirate. (2004). Nosocomial Pneumonia among Intubated Patients in

Trat Hospital. M.Sc. thesis Dissertation, University of Mahidol, Thailand.

Schaberg, D.R., Culver, D.H. and Gaynes, R.P. (1991). Major trends in the microbial
etiology of nosocomial infection. American Journal of Medicine. 91(3B):
72S-75S.

Schultz, D.R. and Miller, K.D. (1974). Elastase of Pseudomonas aeruginosa:
inactivation of complement components and complement-derived
chemotactic and phagocytic factors. Infection and Immunity. 10(1): 128-
135.

Schwartz, S.N., Dowling, J.N., Benkovic, C., DeQuittner-Buchanan, M., Prostko, T.
and Yee, R.B. (1978). Sources of gram-negative bacilli colonizing the
tracheae of intubated patients. Journal of Infectious Disease. 138(2): 227-
231.

Selina C.(2007). Pseudomonas. [On-line]. Available: http://www.emedicine.com/
ped/topic2701.html

Senda, K. Arakawa, Y., Ichiyama, S., Nakashima, K., Ito, H., Ohsuka, S., Shimokata,
K., Kato, N. and Ohta, M. (1996). PCR detection of metallo-beta-lactamase
gene (blaIMP) in gram-negative rods resistant to broad-spectrum beta-

lactams. Journal of Clinical Microbiology. 34(12): 2909-2913.



91

Shaheen, M. (1992). Hospital Infection Control. Setting up with Minimal
Resources. New York: Oxford University. 46-47.

Sherertz, R.J. and Sarubbi, F.A. (1983). A - three years study of nosocomial infections
associated with Pseudomonas aeruginosa. Journal of Clinical
Microbiology. 18(1): 160-164.

Shulman, J.A., Terry, P.M. and Hough, C.E. (1971). Colonization with gentamicin-
resistance Pseudomonas aeruginosa, pyocine types 5, in a burn unit.
Journal of Infectious Disease. 124(1): 518-523.

Silver, D.R., Cohen, I.L. and Weinberg, P.F. (1992). Recurrent Pseudomonas
aeruginosa pneumonia in intensive care unit. Chest. 101(1): 194-198.

Sopon Cogsomran. (1981). Medical Bacteriology. Bangkok: Picanat.

Stephenson, J.R., Heard, S.R., Richards, M.A. and Tabagchali, S. (1985).
Gastrointestinal colonization and septicaemia with Pseudomonas aeruginosa
due to contaminated thymol mouthwash in immunocompromised patients.
Journal of Hospital Infection. 6(4): 369-378.

Tikhomirov, E. (1987). WHO programmed for the control of hospital infections.
International Journal of the Mediterranean Society of Chemotherapy.
6(3): 148-151.

Tompkins, R.G. and Burke, J.F. (1992). Infections of Burn Wounds in Hospital
Infection. American Society for Microbiology. 19(2): 711-730.

Traub, W.H., Scheidhauer, R., Leonhard, B. and Bauer D. (1998). Surveillance of
Pseudomonas aeruginosa in intensive care units: Clusters of nosocomial
cross-infection and encounter of a Multiple-Antibiotic Resistant Strain.

Chemotherapy. 44(4): 243-259.



92

Troillet, N., Samore, M.H. and Carmeli, Y. (1997). Imipenem-resistant Pseudomonas
aeruginosa : Risk factors and antibiotic susceptibility patterns. Clinical
Infectious Diseases : An Official Publication of the Infectious Diseases
Society of America. 25(5): 1094-1098.

Turano, A. and Peretti, P. (1977). Pyocine typing and drug resistance of Pseudomonas
aeruginosa. Journal of Antimicrobial Chemotherapy. 3(Suppl C): 43-45.

Vasil, M.L., Chamberlain, C. and Grant, C.C.R. (1986). Molecular studies of
Pseudomonas exotoxin A gene. Infection and Immunity. 52(2): 538-548.

Velasco, E., Luiz Claudio Santos Thuler, Carlos Alberto de Martins, S., Leda Maria
de Castro Dias, Vania Maria da Goncalves, S.E.C. and Rio de Janeiro.
(1997). Nosocomial infections in an oncology intensive care unit. American
Journal of Infection Control. 25(6): 458-462.

Walter, C. and Semmelweiss. (1976). Hand-washing. Epidemiology to prevent
nosocomial infections. International Medicine. 85(1): 157.

Warren, JW., Muncie, H.L. J.R., Hall-Craggs, M. (1988). Acute pyelonephritis
associated with bacteraemia during long-term catheterization: A prospective.
clinic-pathological study. Journal of Infectious Disease. 158(6): 1341-
1346.

Warren, JW., Tenney, J.H., Hoopes, J.M., Muncie, H.L. and Anthony, W.C. (1982).
A prospective microbiologic study of bacteraemia in patients with chronic
indwelling urethral catheters. Journal of Infectious Disease. 146(6): 719-

723.



93

Wasinee Thanagrumetha. (1991). Epidemiological study of Pseudomonas
aeruginosa Infections determined by serotyping, pyocin typing. M.Sc.
thesis Dissertation, University of Mahidol, Thailand.

Watanabe, M., lyobe, S., Inoue, M. and Mitsuhashi, S. (1991). Transferable imipenem
resistance in Pseudomonas aeruginosa. Antimicrobial Agents and
Chemotherapy. 35(1): 147-151.

Wistreich and George A. (1988). Bateriology. America: A Viacom. 47.

Yupawadee Rutanawaropas. (1995). Isolation and Characterization of
Pseudomonas aeruginosa from Hospitalized Patients and Wastewater
of Hospitals and other Communities. M.Sc. thesis Dissertation,
University of Mahidol, Thailand.

Yut Vayagon. (2002). Statistic for Research. Thailand: Bangkok. 101.



APPENDICES



APPENDIX A

BACTERIAL CULTURE PREPARATION



APPENDIX A

BACTERIAL CULTURE PREPARATION

Media

Blood agar plate

Ingredients (gm/L)
Blood agar base medium 500.00 ml.
Sterile blood 20.00 ml

Carbohydrate utilization

Ingredients (gm/L)
Dipotassium phosphate 0.50 gm.
Sodium chloride 0.20 gm.
Magnesium sulphate 0.20 gm.
Calcium carbonate 1.00 gm.
Carbohydrate 1.00 gm.

Bromthymol blue (0.5 percent alcoholic) 5.00 gm.

Yeast extract, Bacto 0.50 gm.
Potassium nitrate 0.50 gm.
Agar (bacto) 15.00 gm.

Distilled water 1,000.00 ml.



Catalase test
Ingredients (gm/L)
Hydrogen peroxide 30%
Acetophenetidine
Citrate utilization
Ingredients (gm/L)
Ammonium sulphate
Sodium nitrate
Magnesium sulphate
Dipotassium phosphate
Calcium chloride
Ferric ammonium citrate
Agar
Gelatin utilization
Ingredients (gm/L)
Peptic digest of animal tissue
Meat extract
Sodium chloride
Gelatin
Ferrous chloride

Agar

100.00

900.00

0.50

0.50

0.50

0.50

0.20

10.00

15.00

25.00

7.50

5.00

120.00

0.50

1.00

ml.

ml.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.



Indole production
Ingredients (gm/L)
p-dimethyl aminobenzaldehyde
Amy]l alcohol
Hydrochloric acid (concentrated)
Mac Conkey agar plate
Ingredients (gm/L)

Peptone
Proteose peptone
Lactose

Bile salts
Sodium chloride
Agar

Neutral red
Crystal violet
Distilled water

Motility test
Ingredients (gm/L)
Beaf extract
Pencreatic digest of casein

Agar

10.00
150.00

50.00

17.00

3.00

10.00

1.50

5.00

1.35

0.03

0.01

1,000.00

3.00
10.00

4.00

gm.

ml.

ml.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

ml.

gm.

gm.

gm.



Oxidase test
Ingredients (gm/100 ml)
Dihydrochloride
Stabilizing agent
Dimethyl sulfoxide (DMSO)
Stuart transport media
Ingredients (gm/L)

Sodium glycerophosphate
Sodium thioglycolate
Calcium chloride
Methylene blue

Agar

Final pH 7.4 +0.2
Trypticase soy broth
Ingredients (gm/L)

Pancreatic digest of casein
Enzymatic soy digest
Sodium chloride
Dextrose

Dipotassium phosphate

Final pH 7.3 £0.2

0.60

0.02

100.00

10.00

1.00

0.10

0.002

3.00

17.00

3.00

5.00

2.50

2.50

gm.

gm.

ml.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

gm.

99



Urea test
Ingredients (gm/L)
Peptic digest of animal tissue
Dextrose
Sodium chloride
Disodium phosphate
Monopotassium phosphate
Phenol red
Agar
VP (Vogues Proskauer) test
Ingredients (gm/L)
Alpha-naphthol 5%

Absolute ethanol

1.00

1.00

5.00

1.20

0.80

0.012

15.00

50.00

1000.00

gm.

gm.

gm.

gm.

gm.

gm.

ml.

100
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APPENDIX B

DILUTED CHEMICAL DISINFECTANTS

Savlon®
Each 1000 ml. contains:
Chlorhexidine gluconate 1.5%
Cetrimide 15%
Diluted with steriled water at ratio of 1:100
Pose-cresol®
Each 5 gm. contains:
Arylphenol and halogenated alkylphenol with surfactant and other excipients
for synergistic activity

Diluted with distilled water 1,000.00 ml.

Sodium hypochlorite

Diluted with water from faucet aerator at ratio of 1:20
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QUESTIONAIRE

Questionaire 1 for head ward:

“The epidemiology of Pseudomonas aeruginosa in wards at Maharat Nakhon
Ratchasima Hospital.”

Instruction Please check / in [] follow the real data

Part 1 Personal data

Classified '] Register nurse ] Technical nurse
Age...... years

Gender [J male ' female

Ward ...

Part 2 Knowledges of head ward about spreading of Pseudomonas aeruginosa at
Maharat Nakhon Ratchasima Hospital.
1. Do you know what Pseudomonas species is?

LI Yes L] No
2. Did Pseudomonas aeruginosa cause antibiotic resistant at Maharat Nakhon
Ratchasima Hospital?

LI Yes L] No
3. Do Pseudomonas species grow in water?

[ Yes [1 No
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4. Did mowing and cutting trees effect on spreading of Pseudomonas species in the
hospital?
LI Yes L] No
5. Did the sink cause spreading of antibiotic resistant gram negative bacilli bacteria?
LI Yes L] No
6. Did you think staff’s sinks are clean enough?
L Yes L] No
7. Have your staffs ever cleaned the medical equipments in the hand wash sinks?
L Yes L] No
8. Have your staffs ever washed their hands before nursing care for each patient at the
medical equipment sinks or cooking sinks?
L Yes L] No
9. Did you know that patient’s beds can spread bacteria?
L Yes L] No
10. When the patients are discharged from the hospital, do your staffs change the bed
sheets immediately?
LI Yes L] No
11. Did your staffs change the bed sheets immediately when it was found secretions
or blood?
LI Yes L] No
12. When the nurse found dirt or dust contaminations, did your staffs change the bed
sheets immediately?

[ Yes [1 No
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13. Before changing the bed sheet, did your staffs clean the mattress everytime?

[ Yes [1 No
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Questionaire 2 for nurse ward:
Questionaire 2 “The epidemiology of Pseudomonas aeruginosa in wards at Maharat
Nakhon Ratchasima Hospital.

Instruction Please check / in [J or fill in the blanks........... follow the real data

Part 1 Personal data

Classified '] Register nurse '] Technical nurse
Age...... years

Gender [J male " female
Ward..................

Part 2 Knowledges of head ward about spreading of Pseudomonas aeruginosa at
Maharat Nakhon Ratchasima Hospital.
1. Do you know what Pseudomonas species is?

1 Yes "1 No
2. Did Pseudomonas aeruginosa cause antibiotic resistant at Maharat Nakhon
Ratchasima Hospital?

LI Yes L] No
3. Do Pseudomonas species grow in water?

Ll Yes L] No
4. Did mowing and cutting trees effect on spreading of Pseudomonas species in the
hospital?

[] Yes [1 No
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5. Did the sink cause spreading of antibiotic resistant gram negative bacilli bacteria?
[ Yes L] No
6. Did you think staff’s sinks are enough?
LI Yes L] No
7. Have your staffs ever cleaned the medical equipments in the hand wash sinks?
Ll Yes L] No
8. Have your staffs ever washed their hands before nursing care for each patient at
the medical equipment sinks or cooking sinks?
L Yes L] No
9. Did you know that patient’s beds can able to spread bacteria?
L Yes L] No
10. When the patients are discharged from the hospital, do your staffs change the bed
sheets immediately?
L Yes L] No
11. Did your staffs change the bed sheets immediately when it was found secretions
or blood?
[l Yes L] No
12. When your staffs found dirt or dust contaminations, did your staffs change the
bed sheets immediately?
LI Yes L] No
13. Before changing the bed sheet, did your staffs clean the mattress everytime?

[] Yes [1 No
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Part 3 Standard precautions for working nurses
1. How often do you wash your hands before nursing care for each patient?
"1 Everytime ] Sometimes 'l Never
If you sometimes wash or did not wash, please answer next question (you can

answer more than 1 choice).

1.1 Cause that you sometimes wash or did not wash your hands before nursing care

for each patient?

[l Inconvenient

1 Continuous for nursing care
[l Busy
[1 OtheTS. .t
2. How often do you wash your hands after nursing care for each patient?
1 Everytime ] Sometimes "1 Never
If you sometimes wash or did not wash, please answer next question (you can

answer more than 1 choice).

2.1 Cause that you sometimes wash or did not wash your hands after nursing care

for each patient?

[l Inconvenient

"1 Continuous for nursing care
[l Busy
T1 OthersS. .

3. How often do you wash your hands with antiseptic?

1 Everytime ] Sometimes 'l Never
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4. How often do you change gloves if they tear?

1 Everytime ] Sometimes "1 Never
5. Do you wear gloves while you are taking care of patients?

| Everytime ] Sometimes "l Never
6. Do you always use gloves when you have to touch patient’s blood or secretion?

| Everytime ] Sometimes "l Never
7. Do you wash your hands after taking off your gloves?

| Everytime ] Sometimes 'l Never
8. Do you change your gloves when you make a new activity?

"1 Everytime ] Sometimes 'l Never
9. Do you wear a needle sheath by one hand?

"1 Every time | Sometimes "l Never
10. Do you cut drug ampule by using cover gauze?

"1 Everytime ] Sometimes 'l Never
11. How often do you wear mask before exposing patients?

| Everytime ] Sometimes "l Never
12. Do you always take a mask at neck when you finish your activity?

1 Every time ] Sometimes "l Never
13. How often do you change mask when it is wet?

| Everytime ] Sometimes "l Never
14. Do you always wear the accessories (gloves, mask, apron, eye-glass, etc.) for
protecting body before exposing patients?

| Everytime ] Sometimes '] Never



111

If you sometimes wear or did not wear, please answer next question (you can

answer more than 1 choice).

14.1 Cause that you sometimes wear or did not wear the accessories for

protecting body before exposing patients.

[l Inconvenient

"1 Continuous for nursing care

[l Busy

15. How often do you suggest to patients or their family members to take part in

prevention themselves about infection in ward?

1 Everytime 1 Sometimes "1 Never
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