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ABSTRACT

Pseudomonas aeruginosa is an aerobic, non-fermentative, gram negative Bacillus belongs to the family
Pseudomonadaceae. It is also a non-sporing, motile with polar flagellum, and straight or slightly curved rod-
shaped bacterium that occurs as a single bacterium or in pairs and occasionally in short chains. Its antibiotic
resistance to various drugs is of a major clinical importance. A total of fifteen (15) samples were collected
individually from the various ward at Chukwuemeka Odummewu Ojukwu University Teaching Hospital, Amaku,
Awka, (COOUTH) using sterile swab sticks. The swab samples collected were properly labeled as sample 1 to
sample 15and were analyzed at Microbiology Laboratory of Nnamdi Azikiwe University, Awka, Nigeria.
Isolation of Pseudomonas aeruginosa was carried out using a Cetrimide agar. Antimicrobial susceptibility
patterns of the Isolated Pseudomonas aeruginosa was determined using specific antibiotics (Pefloxacin (10ug),
Gentamycin (10pg), Amoxicillin (30pg), Ciprofloxacin (10ug), Streptomycin (30ug), Septrin (30ug), Tarivid
(30pg), Chloramphenicol (30pg), and Sparfloxacin (10ug) in which the various zones of inhibition of each
antibiotic was measured and their results recorded.Pseudomonas aeruginosa isolated were more susceptible to
Sparfloxacin (10ug) but resistant to Gentamycin (10ug) and Septrin (309).
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. INTRODUCTION

In the second half of the last century, Pseudomonas aeruginosa has become an important hospital
pathogen (Gretaet al., 2007). It needs minimal nutritional requirements for growth. It is a commensal in healthy
people and the rate of commensalism increases gradually with the increased duration of hospital stay (Altopark
et al., 2004). This bacteria is frequently isolated as an opportunistic pathogen in recurrent infections of
hospitalized patients and has been isolated from a number of sites in the hospital environment (Shaheheragiet
al., 2003; Vianelli et al., 2006). Representative colonization rates for specific sites in humans are 0- 2% on skin,
0-3.3% for nasal mucosa,0-6.6% for throat and 2.4-2.6% for faecal samples(Morrisonand Wenzel,
1984).However, colonization rates may exceed 50% during hospitalization, especially among patients who have
experienced trauma to or breached cutaneous or mucosal barriers by mechanical ventilation, tracheostomy,
catheters, surgery or severe burns. Disruption in the normal microbial flora as a result of antimicrobial therapy
has also shown to increase colonization with P.aeruginosa(Blanc et al., 1998).Pseudomonas aeruginosa is the
most important, resistant and dangerous organism infecting the burn patients (Estahbanatiet al.,
2002).Pseudomonas aeruginosa is an aerobic, non-fermentative, gram negative Bacillusbelonging to the family
Pseudomonadaceae. It is non-sporing, motile with polar flagellum, and straight or slightly curved rod-shaped
bacterium that occurs as a single bacterium or in pairs and occasionally in short chains. It is the most common
bacteria routinely encountered in different clinical sample from human as well as in hospital and community
based environment like water, soil, air, plant surfaces, medical equipments, moist environment. It is highly
prevalent and persistent in hospital environment due to its ability to resist variety of antibiotics, physical
conditions like temperature, high concentration of salts and antiseptics and also the nominal nutritional
requirement(Ananthanarayan et al., 2013; Koneman et al., 1992;0konet al., 2009;Remington et al.,1989).1t can
grow in bottles containing disinfectants like quaternary ammonium compound, chloroxylenol
andhexachlorophene due to its tendency to show resistant against all such disinfectants.(Ananthanarayanand
Jayaram, 2013).P. aeruginosa is a ubiquitous organism (Ananthanarayan and Jayaram, 2013) and human
acquired infection from environment and very rarely transmitted from person-to-person.(Anthonyet al., 2002).
10% -22.10% of nosocomial infections like bacteremia and septicemia in ICU patients, respiratory infection in
cystic fibrosis, urinary tract infections, burns and other wound infection are caused by P. aeruginosa(Carmeliet
al., 1999). It is numbered as the fourth common cause of nosocomial infections in the United States. It also
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produces community acquired infection like otitis media, infantile diarrhoea and Shanghai fever
(Ananthanarayan and Jayaram, 2013).

The term ‘nosocomial infection’ is usually restricted to the infections that patients acquire in the
hospital, but has importance in occupational medicine as well. Nosocomial infection or hospital-acquired
infections (HAIs) are one of the most important problems in the worldwide. These infections are more
dangerous than other infections because they are caused by bacteria have a high resistance to antibiotics. These
infections are an important cause of increased morbidity, mortality and health care costs worldwide
(Maheswaran et al., 2007). According to a study cited by the WHO (World Health Organization), over 1.4
million people worldwide suffer from HAI at any given time (Ducel et al., 2002). The risk of nosocomial
infection depends on a number of factors. These include the ability of pathogens to remain viable on a surface,
the rate at which contaminated surfaces are touched by patients and healthcare workers, the context in which the
patient is exposed, and the levels of contamination that result in transmission to patients (Boyce, 2007). For
many healthcare-associated pathogens the degree of hospital surface contamination is closely correlated with the
risk of transmission (Nseir et al., 2011).

An antibiotic agent is a substance that kills (bactericidal) or inhibits (bacteriostatic) the growth of
bacteria. They can also be classified based on their mode of action as follows; inhibitors of cell wall synthesis,
inhibitors of protein synthesis, inhibitors of nucleic acid synthesis, inhibitors of metabolic pathways and
inhibitors of cell membrane functions. The use of antibiotic agent medicines to treat infection is known as
antibiotic agent chemotherapy, while the use of antibiotic agent medicines to prevent infection is known as
antibiotic agent prophylaxis. Antibiotic agent that are effective only against a limited variety of bacteria are said
to be narrow-spectrum drugs,example; gentamycin and penicillin are narrow-spectrum antibacterial drugs
because they are effective only against Gram-negative and Gram-positive bacteria respectively. On the other
hand, those that attack many different kinds of bacteria are known as broad-spectrum drugs,example;
trimethoprim is a broad-spectrum antibacterial drug because it is effective against both Gram-positive and
Gram-negative bacteria.Antibiotic agents can be synthesized by microorganisms (natural antibiotics) or
manufactured by chemical procedures independent of microbial activity (synthetic antibiotics) and they can also
be semi-synthetic that is natural antibiotics that have been chemically modified to make them less susceptible to
inactivation by pathogens (Michigan State University Board of Trustees, 2011).

Several different epidemiological studies indicate that antibiotic resistance is increasing in clinical
isolates (Koneman, 2006).Overall prevalence in US hospital was approximately 4 per 1000 discharge and
leading cause of high morbidity and mortality(Okonet al., 2009).The overall prevalence of antibiotic resistant P.
aeruginosa is increasing, with up to 10% of global isolates found to be multi-drug resistance. It is recognized as
the second leading cause of gram negative nosocomial infection and a major treatment challenge for
Pseudomonas aeruginosa (Nasreen et al., 2015).

A general problem with nosocomial infections is the tendency of nosocomial pathogens to acquire new
antibiotic resistance. Thus, infections caused by P. aeruginosa are particularly problematic because the
organism is inherently resistant to many drug classes and is able to acquire resistance to all effective
antimicrobial drugs. As an opportunistic infectious pathogen, P. aeruginosa can often lead to life-threatening
diseases. Being gram-negative bacteria, Pseudomonas spp. are naturally resistant to penicillin and majority of
related beta-lactam antibiotics, but a number are sensitive to Imepenem, Piperacillin+Tazobactum, Tobramycin,
Polymyxin B. Overall effect of P. aeruginosa is due to Multidrug-resistant (MDR) nature. Its general resistance
is due to a combination of factors. It is intrinsically resistant to antimicrobial agents, due to the low permeability
of its cell wall and various mechanisms like multi-drug resistance,Efflux pumps, biofilm formation and
production of B-lactamases (The high resistant to cephalosporins may be due to production of extended
spectrum beta lactamases ‘ESBL’s)) and aminoglycoside modifying enzymes. It also has the genetic capacity to
express a wide repertoire of resistance mechanisms through mutations in the chromosomal genes which regulate
the resistance genes and can acquire additional resistance genes from other organisms through plasmids,
transposons and bacteriophages (Betty et al.,2007) as shown in fig.3. The carbapenems have been drug of
choice for treatment of serious infections caused by Gram negativebacteria.However,carbapenem resistance has
been observed frequently in P.aeruginosa. Resistance to carbapenems is predominantly mediated by MBL’s i.e
metallobetalactamases that recognize bivalent metal ions, usually zinc for their activity(Galeset al.,2001).In the
absence of carbapenem hydrolyzing carbapenamases; mainly MBL’s, resistance is usually multifactorial.
Increased production of Amp C encoded cephalosporinase, reduced outer membrane porin Opr D expression,
increased expression of efflux pump mechanisms are known to contribute to carbapenem resistance(Juanet al.,
2005;Livermore, 1992) as shown in fig.2.Success of antimicrobial therapy depends on the appropriateness of the
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choice of antibiotics that should be used on the basis of prior knowledge of the susceptibility pattern of the
agent.

This study is aimed at determining the Antibiotic Susceptibility Pattern of Pseudomonas aeruginosa
Isolated from Hospital Environment. Thus, the significance of this research is to understand the sensitivity
(effectiveness of an antimicrobial drug) and/or resistance of these isolated microbes to the various antimicrobial
drugs used in times of the occurrence of nosocomial illness caused by the exposureto Hospital environmental-
related Pseudomonad infection/disease.

1. MATERIALS AND METHODS

3.1. Study Area

Awka the capital of Anambra State of Nigeria and a pre-colonial city situated on latitude 6° 12' 15.00"
Nand longitude 7° 04' 2.40" E. It lies within the rainforest area but is now classified within the Guinea Savannah
because of its derived vegetation, as the original vegetation has been removed by man. The mean annual rainfall
is about 1524 mm with a relative humidity of 80% at dawn. Its location and its climatic characteristic high
ambient temperature and rainfall add to the problem of waste management because of rapid rate of putrefaction
with its attendant odour. Awka is about 40 km on the direct route from Onitsha with East—-West extension of 8
km on Enugu- Onitsha express way corridor (Okonkwo, 2014). Amongst the various Hospials in Awka
metropolis, the one worked on with regards to this research work isChukwuemeka Odummewu
OjukwuUniversity Teaching Hospial, Amaku, Awka(COOUTH).

3.2. Sample Collection

Samples were collected at random from various hospital wards, including, the intensive care unit (floor,
the respirator, and the bed), male surgical ward (window, the floor, and the side table), female surgical ward
(door handle, the bed rail, and the curtain), theatre (the bed, the floor and air condition), and the delivery room
(the bedsheet, the mop). Samples were collected using swabsticks by random sampling from four different
wards in the different sections of the hospital. A total of fifteen (15) samples were collected individually from
the hospital environment. Samples were properly labelled, sealed and transported to Microbiology Lab of
Nnamdi Azikiwe University, Awka for bacterial analyses. All samples were transported to the laboratory for
analyses immediately after collection.

3.3. Isolation of Microorganisms

One (1) g of distilled water is added into each swab stick and properly agitated to allow the microbes
obtained on the swab sticks to be dislodged into the water, and aseptically, a 10-fold serial dilution was
performed to obtain 10™dilution. 0.1ml of each dilution (10™) was inoculated onto Cetrimide agar medium using
pour plate method and incubated at 37°C for 18-24 hours. Discrete colonies was obtained by streaking. Where
the isolate was picked and stored on agar slantsat 4°C.

Characterization and Identification of bacteria

Identification of the bacterial isolates was accomplished by the observation of colonial characteristics,
Gram reaction and biochemical tests (Chessbrough, 1984). The characterization of the isolates were performed,
by employing Gram staining reaction, Catalase test, Citrate test, Sugar fermentation test, Coagulase test,
Motility test, Oxidase test, Urease test, Indole test, Methyl Red and Voges proskauer test as described by
Bergey’s Manuel of Determinative Bacteriology, 9th edition (1994).

Gramreaction

Thin smear of the isolate was made on clean, non-greasy, dust-free slides, air dried and heat fixed. The
smear was flooded with crystal violet and allowed to remain on the slide for 60 seconds. Thereafter, the crystal
violet was washed off with gentle running water. Again, the slide was flooded with slide with Gram’s iodine,
allowed to remain for 60 seconds and washed off. The slide was decolourized with acetone-alcohol mixture. The
slide was counter-stained with safranin for 60 seconds and rinsed with tap water and allow to air dry. The slide
was then viewed under oil immersion lens microscope (x 100). Purple colour indicated Gram-—positive
organisms while red or pink colour indicated Gram-negative organisms.

Catalase test

Exactly 3ml of 3% solution of hydrogen peroxide (H,0,) was transferred into a sterile test tube. Then, 3 loopful
of a 24 hour pure culture of the test bacteria were inoculated into the test tube. The tube was observed for
immediate bubbling indicative of a Positive, while no bubbling indicated a negative reaction.

WwWw.irjes.com 3| Page



Antibiogram of Pathogenic Pseudomonasaeruginosa Isolated from Hospital Environment

Motility test (Hanging Drop Method)

A loopful of 18-24 hour broth culture of the test bacteria was placed at the centre of a clean grease-free
cover-slip. Carefully, the cover slip was inverted and placed over the concave portion of a hanging drop slide.
The cover-slip/slide arrangement was observed for motility at X100 magnification on a compound microscope.
Care was taken to not interprete “drift” or “Brownian motion” as motility. Results were recorded as motile or
non-motile.

Oxidase Test

All bacteria that are oxidase positive are aerobic, and can use oxygen as a terminal electron acceptor in
respiration. This does NOT mean that they are strict aerobes. Bacteria that are oxidase-negative may be
anaerobic, aerobic, or facultative; the oxidase negative result just means that these organisms do not have the
cytochrome c oxidase that oxidizes the test reagent. They may respire using other oxidases in electron transport.

Whatmann No.1 filter paper was soaked with the substrate tetramethyl-p-phenylenediamine
dihydrochloride. The filter paper was moistened with sterile distilled water. Then the test colony was picked
with wooden or platinum loop and smeared in the filter paper. The inoculum was observe the area around the
inoculated paper for a color change to deep blue or purple within 10-30 seconds. Positive and negative quality
controls were also set up (Positive control: Pseudomonas aeruginosa; B. Negative control: Escherichia
coli).Positive was indicated by development of dark purple color (indophenols) within 10 seconds. Negative:
Absence of color.

Urease Test using Christensen’s Urea Agar

The urease test identifies those organisms that are capable of hydrolyzing urea to produce ammonia and
carbon dioxide. It is primarily used to distinguish urease-positive Proteeae from other Enterobacteriaceae.

Heavy inoculum from an 18- to 24-hour pure culture was used to streak the entire Christensen’s Urea
Agar slant surface. Adequate care was taken not to stab the butt as it will serve as a color control. The tubes
were incubated loosened caps at 35 °C. The slants were observed for a color change at 6 hours, 24 hours, and
every day for up to 6 days. Urease production would be indicated by a bright pink (fuchsia) color on the slant
that may extend into the butt. Note that any degree of pink is considered a positive reaction. Prolonged
incubation may result in a false-positive test due to hydrolysis of proteins in the medium. To eliminate protein
hydrolysis as the cause of a positive test, a control medium lacking urea was also set up. Rapidly urease-
positive Proteeae ( Proteus spp., Morganella morganii, and some Providencia stuartii strains) will produce a
strong positive reaction within 1 to 6 hours of incubation. Delayed-positive organisms (e.g., Klebsiella or
Enterobacter) will typically produce a weak positive reaction on the slant after 6 hours, but the reaction will
intensify and spread to the butt on prolonged incubation (up to 6 days). The culture medium will remain a
yellowish color if the organism is urease negative

Indole Test

A loopful of an 18-24 hour culture was used to inoculate the test tube containing 3 ml of sterile
tryptone water. Incubation was done at 35-37 °C first for 24 hours and further for up to 48 hours. Test for indole
was done by adding 0.5 ml of Kovac’s reagent, shaken gently and then examined for a ring of red colour in the
surface layer within 10 minutes, indicative of a positive reaction. Absence of red colour indicated a negative
reaction.

Methyl Red test

Exactly 5 drops of methyl red indicator were added to an equal volume of a 48hours culture of the
isolate in Methyl red—Voges Proskauer (MR-VP) broth. The production of a bright red colour indicates a
positive test while yellow colour indicates a negative test after vigorous shaking.

Voges-Prausker test

Exactly 2ml of the 18-24 hours culture of the test organism growing on MR-VP broth was asceptically
transferred into a sterile test tube. Then 0.6ml of 5% a-naphthol was added, followed by 0.2ml of 40% KOH
(NB: It was essential that this reagents were added in this order). The tube was shaken gently to expose the
medium to atmospheric oxygen and then allowed to stand undisturbed for 15-30 minutes. A positive test was
indicated by the presence of a red colour after 15-30 minutes, indicative of the presence of diacetyl, the
oxidation product of acetoin (Test was always considered invalid after one hour because VVP-negative cultures
may produce a copper-like colour, false positive), lack of pink-red colour denoted a negative reaction.
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Citrate test

A 24h old culture was inoculated into test tubes containing sterile Simmons Citrate agar slant and then
incubated for 24hours. A positive test was indicated by a change from green to blue colour on the surface of the
Simmons Citrate agar slant. No colour change indicated a negative reaction.

Sugar Fermentation Test

Each of the isolate was tested for its ability to ferment a specific sugar. 1g of the sugar and 1g of
peptone water were dissolved in 100ml of water. 5ml of the solution were transferred into clean test-tubes using
sterile pipettes. The test-tubes containing peptone water and sugar were added Durham’s tube which were
placed inversely and bromothymol blue as an indicator. These were sterilized for 10minutes and allowed to cool
before inoculating the inocula. The test-tubes were incubated for 3days. The production of acid and gas or acid
only indicated utilization of sugars. Acid production was indicated by change in colour of the medium from
green to yellow while gas production was observed by presence of gas in the Durham’s tubes.

3.6 Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing on all the isolates was done using disc diffusion method. For
bacterial isolates, sensitivity disks containing conventional antimicrobials which are Pefloxacin (10ug),
Gentamycin (10pg), Amoxacillin (30ug), Ciprofloxacin (10ug), Streptomycin (30ug), Septrin (30ug), Tarivid
(30ug), Chloramphenicol (30ug), and Sparfloxacin (10ug). Antimicrobial activity screening was conducted
using the modified agar well diffusion method, following the procedure outlined by (Agu et al., 2013; Agu et
al., 2014; Awah et al., 2016; Adindu et al., 2017; Awah et al., 2017; Saeed and Tariq, 2017; Ubaoji et al.,
2020). Duplicate plates of Mueller-Hinton Agar (MHA) were prepared, with 20 ml poured into each sterile Petri
dish and allowed to solidify. Subsequently, each plate was inoculated with 0.1 ml of the suspension of isolates
obtained from an overnight broth culture. The turbidity of the suspension was adjusted to 0.5 of the McFarland
scale, equivalent to approximately 1x10® cfu/ml. The inoculum was evenly spread across the agar surface and
allowed to air-dry for 30 minutes. Three holes were aseptically made approximately 1 cm away from the edges
of each plate using a sterile cork borer with a diameter of 6 mm. The extracts were reconstituted and the aqueous
extracts were dissolved in distilled water, while the ethanol extracts were dissolved in 6% dimethyl sulfoxide
(DMSO0). A stock solution with a concentration of 100 mg/ml was prepared by dissolving 1 g of each plant
extract in 10 ml of the respective diluent. Next, the agar wells were filled with 0.01 pl of the extract solution at
different concentrations, including 50 mg/ml, 25 mg/ml, and the last well with only the diluent to serve as the
control. This entire process was performed in duplicates. The Petri dishes were then incubated at 37°C for a
duration of 16 to 18 hours. After incubation, the zones of inhibition around each well were measured using a
transparent meter rule and recorded, to the nearest millimeter (mm).

IV. RESULTS
4.1 Colony Count of the Pseudomonas aeruginosa Isolates.
Colony count of the Pseudomonas aeruginosaisolated from samples collected from Chukwuemeka Odummewu
Ojukwu University Teaching Hospital, Amaku, Awka,(COOUTH) were recorded. The results are represented
below using bar charts in figures 1 and 2:

TABLE 2: Colony Count of Pseudomonas aeruginosaafter 24hr Incubation of Samples Obtained from

COOUTH
SIN Hospital ward Sample collection site Sample number Total Pseudomonas count
(labelling) (cfu/ml)
1 Intensive Care Unit Floor 1 TFTC
Respirator 2 TFTC
Bed 3 3.07x10°£1.15
2 Male surgical ward Window 4 TFTC
Floor 5 4.60x10°+0.58
Side table 6 3.27 x10°+1.00
3 Female surgical ward Door 7 TFTC
Bed rail 8 3.13 x10°+0.58
Curtain 9 TFTC
4 Theatre Bed 10 TFTC
Floor 11 3.43x10°+0.58
Air condition 12 3.23 x10°+0.58
5 Delivery room Bed sheet 13 3.13 x10°+0.58
Cleaning mop 14 6.10 x10°+1.00
Nurse’s tray 15 TETC
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TABLE 3: Morphological and Biochemical characteristics of Pseudomonas aeruginosa observed on cetrimide
agar
Circular Smooth Whitish Entire Convex | Translucent -Red [+ |+ - - - |7 |AGA [A |- AG |+ |- Pseudomonas

asruginesa

4.5 Antimicrobial Sensitivity Results for the Identified Isolates from the Hospital Sample.

The antimicrobial sensitivity results showed that the antibacterial: Sparfloxacin (10pg) gave the highest zones of
inhibition, followed by Tarivid (30pg)while Gentamycin (10pg) andSeptrin  (30pug) were resistant
byPseudomonas aeruginosa. Antimicrobial sensitivity results are explicitly shown in tables 3.

TABLEA4: The zone of inhibitions (mm) shown by Pseudomonas aeruginosa isolates

s/n Antibiotic Antibiotic concentration (ug) Zone of inhibition (mm)
1 AU 25 6
2 CN 10 0
3 PEF 10 3
4 OFX 30 12
5 S 30 8
6 SXT 30 0
7 CH 30 6
8 SP 10 13
9 CPX 10 10
10 AM 30 6
Key- AU: Augmentin (25ug) PEF: Pefloxacin (10ug)
CN: Gentamycin (10ug) CPX: Ciprofloxacin (10ug)
S: Streptomycin (30ug) OFX: Tarivid (30ug)
SXT: Septrin (30u9) SP: Sparfloxacin (10ug)
CH: Chloramphenicol (30pg) AM: Amoxacillin (30ug)

V. DISCUSSION

The green pigmentation and the ability of Pseudomonas aeruginosa to grow on a Cetrimide agar a
selective medium for Pseudomonas aeruginosa, confirmedthe isolate to bePseudomonas aeruginosa.On the
other hand, the morphological characteristics of the organism on the agar medium further confirm the microbes
isolated in this work is none other but Pseudomonas aeruginosa.

Antimicrobial susceptibility/sensitivity patterns of these organisms were determined using these
antibiotics;Pefloxacin (10ug), Gentamycin (10ug), Amoxacillin (30ug), Ciprofloxacin (10ug), Streptomycin
(30ug), Septrin (30ug), Tarivid (30pg), Chloramphenicol (30ug), and Sparfloxacin (10ug)) in whichthe zone of
inibition measured, showed susceptibility of Pseudomonas aeruginosato the above mentioned antibiotics. The
results are shown in the previous chapter, of which,Pseudomonas aeruginosa isolated were more susceptible to
Sparfloxacin (10ug) butresistantto Gentamycin (10ug) and Septrin (30ug) in comparison to the work done
byEkremet al., 2014,at Sulaimani Teaching Hospital, Iraq where Pseudomonas aeruginosawere found to be
sensitive to gentamycin (54.7 %) followed by amikacin (62.7%), imipenem (96%), 98.7% to meropenem
(98.7%), ceftazidime (82.7%), piperacillin (70.7%), tobramycin (69.3 %), ciprofloxacin (73.3 %), and resistant
to ceftriaxon (8%), and cefotaxime (0%) (result obtained) indicate that as of 2014, gentamycin might be potent
against Pseudomonas aeruginosa but it has now gained resistance to it due to the inappropriate continued usage
of gentamycin. Also the work undertaken by Amandeep, et al., (2016) further illustrate what happened to the
potency of gentamycin to Pseudomonas aeruginosa as the following result were obtained; Imipenem(82.2%),
Meropenem(66.9%), Piperacillin-Tazobactum(65.2%), Netimicin(58.4%), Gentamycin, Amikacin and
Ciprofloxacin(56.7%).

Similar case was the fate of augmentin when the work of Igbalajobi, et al., (2016) was compared to this
work where Pseudomonas aeruginosa tend to be resistant to augmentin but sensitive in the work conducted by
Igbalajobi, et al., at Ekiti State Teaching Hospital on antibiotic resistance pattern of Pseudomonas aeruginosa
isolated from clinical samples in the year 2016. The Antimicrobial susceptibility/ sensitivity result from their
work is as follow; augmentin (76.2%), to ceftazidime (73.8%), nitrofurantoin (71.4%), ofloxacin (47.6%),
gentamicin (45.23%) and ciprofloxacin (42.86).

It can now be deduce that there is need for anantimicrobial susceptibility/sensitivity test to be carryout
before the commencement of any treatment for Pseudomonas infection as to be able to administered the
appropriate drug and to reduce the rate by which this organism acquire/gain resistance to the few safe antibiotic
in the world so as to still have a potent drug for future treatments.
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VI. CONCLUSION

Despite its significance to the society or community, hospital as seen in this project work and many
other related work, are niche for countless microorganism of medical importance such as Pseudomonas
aeruginosa because different sick people go to the hospital to be treated of their ilinesses thereby depositing
microbes in the environment. As earlier stated, these pathogenic microbes could be present on surrounding
surfaces as a result of poor sanitary and hygiene practices during cleaning and disinfection process. Thus, this is
a wake-up call for thehospital to use an effective disinfectant during cleaning routines so as to reduce the
microbial load on their surrounding surfaces and also reduce the risk of infection of its personnel patients and
visitors. With respect to the antibiotic susceptibility patterns of the isolate (Pseudomonas aeruginosa), results
showed that most of the test antibiotics were effective against the isolate, with sparfloxacin being the most
effective against Pseudomonas. Thus, sparfloxacin should be the first line of prescription in cases of hospital
related infection and disease. It should be noted that Pseudomonal resistance was seen among drugs such as
gentamycin and septrin respectively. Reducing cases of Pseudomonal resistance against antibiotic agents is very
paramount and could be achieved if the most effective drug is administered during disease cases (that is after
comparing the antibiotic susceptibility pattern), misuse and abuse of drugs is avoided and also by ensuring the
completion of the administered dosage during treatment.

REFERENCES

[1]. Agu, K.C., Igweoha, C.A. and Umeh, C.N. (2013). Antimicrobial Activity of the Ethanolic and Petroleum Ether Extracts of
Tangerine Seed on Selected Bacteria. International Journal of Agriculture and Bioscience, 2 (1): 22-24.

[2]. Adindu, C.S., Odili, L.C., Nwagu, E.E., Agu, K.C., Awah, N.S., Okeke, B.C. and Orjionwe, R.N. (2016). Phytochemical and
Antimicrobial Screening of Cola gigantealeaves, Stem and Bark. Universal Journal of Microbiology Research, 4 (2): 49-54

[3]. Adriana, C.O and Quésia, S.D. (2010). Surfaces of the hospital environment as possible deposits of resistant bacteria: a review.
Revista da Escola de Enfermagem da USP, 44(4):1112-7.

[4]. Akira, S., Uematsu, S. and Takeuchi, O. (2006).Pathogen recognition and innate immunity.Cell, 124: 783-801.

[5] Altopark, U., Erals, S., Akcay, M.N., Celebi, F. and Kandali, A. (2004). Time related changes of antimicrobial resistance patterns
and predominant bacterial profiles of burn wounds and body flora of burned patients, 30: 660-664.

[6]. Amandeep, K., Satnam, S., Amarjit Kaur, G. and Narinder, K. (2016). Prevalence and Antimicrobial susceptibity pattern of
Pseudomonas aeruginosa isolated from various clinical samples in a tertiary care hospital, Bathinda. Indian Journal of Basic and
Applied Medical Research, 5(3):777-784.

[7]. Ananthanarayan, R., Jayaram, C. and Paniker, K. (2013).Textbook of Microbiology 9th edition. Universities Press.

[8]. Anthony, M., Rose, B., Pegler, M.B., Elkins, M., Service, H. and Thamotharampillai, K. (2002). Genetic Analysis of Pseudomonas
aeruginosa Isolates from the Sputa of Australian Adult Cystic Fibrosis Patients. Journal of Clinical Microbiology, 40:2772-2778.

[9]. Association of Official Analytical Chemists.(1995). Bacteriological analytical manual, 8th edition.Association of Official Analytical
Chemists (AOAC) International, Gaithersburg, MD.

[10]. Awah, N.S., Agu, K.C., Ikedinma, J.C., Uzoechi, A.N., Eneite, H.C., Victor-Aduloju A.T., Umeoduagu, N.D., Onwuatuegwu,
J.T.C., llikannu S.O. (2017). Antibacterial Activities of the Aqueous and Ethanolic Extracts of the Male and Female Carica papaya
Leaves on Some Pathogenic Bacteria. Bioengineering and Bioscience, 5(2): 25-29. DOI: 10.13189/bb.2017.050201

[11]. Awah, N. S., Agu, K. C., Okorie, C. C., Okeke, C. B., lloanusi, C. A., Irondi, C. R., Udemezue, O. I., Kyrian-Ogbonna, A. E.,
Anaukwu, C. G., Eneite, H. C., Ifediegwu M. C., Umeoduagu, N. D., Abah, N. H. and Ekong, U. S. (2016). In-vitro Assessment of
the Antibacterial Quality of Some Commonly Used Herbal and Non-herbal Toothpastes on Streptococcus mutans. Open Journal of
Dentistry and Oral Medicine 4(2): 21-25, http://www.hrpub.orgDOI:10.13189/0jdom.2016.040

[12]. Bagge, N., Schuster, M., Hentzer, M., Ciofu, O., Givskov, M., Greenberg, E.P. and Hoiby, N. (2004).Pseudomonas aeruginosa
biofilms exposed to imipenem exhibit changes in global gene expression and betalactamase and alginate production. Antimicrobial
Agents of Chemotherapy, 48: 1175-1187.

[13]. Balaras, C.A., Dascalaki, E., Gaglia, A. (2007). HVAC and indoor thermal conditions in hospital

[14]. Bardoel, B.W.,, van der Ent, S., Pel, M.J., Tommassen, J, Pieterse, C.M., van Kessel, K.P. and van Strijp, J.A. (2011). Pseudomonas
evades immune recognition of flagellin in both mammals and plants. PLoS Pathogen,7: 1002206.

[15]. Bauer, A. W, Kirby, W. M. M., Sherris, J. C. and Turch, M. (1996).Antibiotic Testing by Standardized Single Disk
Method.American Journal of Clinical Pathology, 45:493-496.

[16]. Betty, A.F., Daniel, F.S. and Alice, S.W. (2007).Bailey and Scott’s Diagnostic Microbiology, Twelfth edition, Pseudomonas,
Burkholderia and similar organisms, 340-350.

[17].  Bianchi, S.M., Prince, L.R. and McPhillips, K. (2008).Impairment of apoptotic cell engulfment by pyocyanin, a toxic metabolite of
Pseudomonas aeruginosa.Amerin Journal of Respiratory and Critical Care Medicine,177: 35-43.

[18].  Bjarnsholt, T., Jensen, P.O., Fiandaca, M.J., Pedersen, J., Hansen, C.R., Andersen, C.B., Pressler, T., Givskov, M. and Hoiby, N.
(2009).Pseudomonas aeruginosa biofilms in the respiratory tract of cystic fibrosis patients.Pediatric Pulmonology,44: 547-558.

[19]. Bjarnsholt, T., Tolker-Nielsen, T., Hoiby, N. and Givskov, M. (2010).Interference of Pseudomonas aeruginosa signalling and biofilm
formation for infection control.Expert Review in Molecular Medicine,12: 11.

[20]. Blanc, D.S., Petignat, C., Janin, B., Bille, J. and Fancioli, P. (1998). Frequency and molecular diversity of Pseudomonas aeruginosa
upon admission and during hospitalization: a prospective epidemiologic study. Clinical microbiology and Infection, 4: 242-247.

[21].  Breidenstein, E.B.M., de la Fuente-N_u~nez, C. and Hancock, R.E.W. (2011).Pseudomonas aeruginosa: all roads lead to resistance.
Trends in Microbiology, 8: 419-426.

[22].  Brimer, C.D. and Montie, T.C. (1998).Cloning and comparison of fliC genes and identification of glycosylation in the flagellin of
Pseudomonas aeruginosa a-type strains.Journal of Bacteriology, 180: 3209- 3217.

[23].  Carmeli, Y.N., Troillet, G., Eliopoulos, G.M. and Samore, M.H. (1999). Emergence of antibiotic-resistant Pseudomonas aeruginosa:
Comparison of risks associated with different antipseudomonal agents. Antimicrobial Agents and Chemotherapy, 3:1379-82.

[24].  Cornelis, P. (2010). Iron uptake and metabolism in Pseudomonads. Applied Microbiology Biotechnology, 86: 1637-1645.

[25]. Craig, L., Pique, M.E. and Tainer, J.A. (2004). Type 4 pilus structure and bacterial pathogenicity. Naure Reviews Microbiology,2:
363-378.

WwWw.irjes.com 7 | Page


http://www.hrpub.orgDOI:10.13189/ojdom.2016.040

Antibiogram of Pathogenic Pseudomonasaeruginosa Isolated from Hospital Environment

[26].
[27].
[28].
[29].
[30].
[31].
[32].
[33].

[34].

[35].

[36].
[37].
[38].
[39].
[40].

[41].

[42].

[43].
[44].
[45].
[46).
[47].
[48].
[49].

[50].

[51].

[52].

[53].
[54].

[55].
[56].
[57].
[58].

[59].

Deep, A., Chaudhary, U. and Gupta, V. (2011). Quorum sensing and bacterial pathogenicity: from molecules to disease. Journal of
Laboratory Physicians,3: 4-11.

Denning, G.M., Wollenweber, L.A., Railshack, M.A., Cox, C.D., Stoll, L.L. and Britigan, B.E. (1998).Pseudomonas pyocyanin
increases interleukin- 8 expression by human airway epithelial cells. Infection and Immunity,66: 5777-5784.

Doring, G., Meisner, C. and Stern, M. (2007). A double-blind randomized placebo-controlled phase Il study of a Pseudomonas
aeruginosa flagella vaccine in cystic fibrosis patients. Proceedings of the Natural Academy Sciences, U.S.A.,104: 11020-11025.
Drees, M., Snydman, D.R., Schmid, C.H., Barefoot, L., Hansjosten, K. and Vue, P.M. (2008). Prior environmental contamination
increases the risk of acquisition of vancomycin-resistant Enterococci. Clinic of Infectious Disease, 46(5):678-85.

Du, X., Youle, R.J., FitzGerald, D.J. and Pastan, . (2010).Pseudomonas exotoxin A-mediated apoptosis is Bak dependent and
preceded by the degradation of Mcl-1. Molecular Cell Biology, 30: 3444-3452.

Eengelhart, S., Krizek, L., Glasmacher, A., Fischnaller, E., Marklein, G. and Exner, M. (2002).Pseudomonas aeruginosa outbreak in
a haematology-oncology unit associated with contaminated surface cleaning equipment. Journal of Hospital Infection, 52(1):93-8.
Ekrem, K. and Rokan, D.K.(2014).Antibiotic susceptibility patterns of Pseudomonas aeruginosa strains isolated from various
clinical specimens.Sky Journal of Microbiology Research,2(2): 013 — 017.

Engel, L.S., Hill, .M., Moreau, J.M., Green, L.C., Hobden, J.A. and O’Callaghan, R.J. (1998).Pseudomonas aeruginosa protease 1V
produces corneal damage and contributes to bacterial virulence. Investigative Ophthalmology and Visual Science,39: 662—665.
Ernst, R.K., Adams, K.N., Moskowitz, S.M., Kraig, G.M., Kawasaki, K., Stead, C.M., Trent, M.S. and Miller, S.I. (2006). The
Pseudomonas aeruginosa lipid A deacylase: selection for expression and loss within the cystic fibrosis airway. Journal of
Bacteriology,188: 191-201.

Ernst, R.K., Moskowitz, S.M., Emerson, J.C., Kraig, G.M., Adams, K.N., Harvey, M.D., Ramsey, B., Speert, D.P., Burns, J.L. and
Miller, S.I. (2007). Unique lipid A modifications in Pseudomonas aeruginosa isolated from the airways of patients with cystic
fibrosis. Journal of Infectious Disease 196: 1088-1092.

Ernst, R.K., Yi, E.C., Guo, L., Lim-Kheng, B., Burns, J.L., Hackett, M. and Millar, S.I. (1999). Specific lipopolysaccharide found in
cystic fibrosis airway Pseudomonas aeruginosa. Science,286: 1561 1565.

Estahbanati, H.K., Kashani, P.P. and Ghanaatpishels, F. (2002). Frequency of Pseudomonas aerugunosa serotypes in burn wound
infections and their resistance to antibiotics. 28:340-348.

Falagas, M.E. and Kasiakou, S.K. (2006). Toxicity of polymyxins: a systematic review of the evidence from old and recent studies.
Critical Care 10: 27.

Feldman, M., Bryan, R., Rajan, S., Scheffler, L., Brunnert, S., Tang, H. and Prince, A. (1998). Role of flagella in pathogenesis of
Pseudomonas aeruginosa pulmonary infection. Infection and Immunity, 66: 43-51.

Fleiszig, S.M. and Evans, D.J. (2002). The pathogenesis of bacterial keratitis: studies with Pseudomonas aeruginosa.Clinical and
Experimental Optometry,85: 271-278.

Gales, A.C., Jones, R.N. and Turnidge, J. (2001). Characterization of Pseudomonas aeruginosa isolates: occurrence rates,
antimicrobial susceptibility patterns, and molecular typing in the global sentry Antimicrobial Surveillance Program. Clinical
Infectious Diseases,2:146-155.

Gellatly, S.L., Needham, B., Madera, L., Trent, M.S. and Hancock, R.E. (2012). The Pseudomonas aeruginosa PhoP—PhoQ two-
component regulatory system is induced upon interaction with epithelial cells and controls cytotoxicity and inflammation. Infection
and Immunity,80: 3122-3131.

Gilligan, P. H. (1995). Manual of clinical microbiology, 6th edition.American Society of Microbiology, Washington, D.C, pp. 509-
519.

Gooderham, W.J. and Hancock, R.E.W. (2009).Regulation of virulence and antibiotic resistance by two-component regulatory
systems in Pseudomonas aeruginosa.Federation of Europian Microbiology Societies Review, 33: 279-294.

Greta, G., Alvydas, P. and Violeta, K. (2007).The peculiarities of P. aeruginosa resistance to antibiotics and prevalence of
serogroups.43(1):36-42.

Hall-Stoodley, L. and Stoodley, P. (2009).Evolving concepts in biofilm infections.Cell Microbiology,11: 1034-1043.

Hancock, R.E., Mutharia, LM.., Chan, L., Darveau, RP.., Speert, D.P. and Pier, G.B. (1983).Pseudomonas aeruginosa isolates from
patients with cystic fibrosis: a class of serum-sensitive, nontypable st deficient in lipopolysaccharide O side chains. Infection and
Immunity, 42: 170-177.

Hancock, R.E., Nijnik, A. and Philpott, D.J. (2012).Modulating immunity as a therapy for bacterial infections.Nature Reviews
Microbiology,10: 243-254.

Hauser, A.R. (2009). The type 3 secretion system of Pseudomonas aeruginosa: infection by injection. Nature Reviews
Microbiology,7: 654-665.

Hayden, M.K., Blom, D.W.,, Lyle, E.A., Moore, C.G. and Weistein, R.A. (2008).Risk of hand or glove contamination after contact
with vancomycinresistant Enterococcus or the colonized patients’ environment.Infection Control of Hospital Epidemiology,
29(2):149-54.

Hayden, M.K., Bonten, M.J.M., Blom, D.W., Lyle, E.A., van de Vijver, D.A.M.C. and Weinstein, R.A. (2006).Reduction in
acquisition of of vancomycin-resistant Enterococcus after enforcement of routine environmental cleaning measures.Clinic of
Infectious Disease,42(11):1552-60.

Heeb, S., Fletcher, M.P,, Chhabra, S.R., Diggle, S.P., Williams, P. and Camara, M. (2011). Quinolones: from antibiotics to
autoinducers. FEMS Microbiology Review, 35: 247-274.

Hobden, J.A. (2002). Pseudomonas aeruginosa proteases and corneal virulence.DNA Cell Biology,21: 391-396.

Holm, B.A., Keicher, L., Liu, M.Y., Sokolowski, J. and Enhorning, G. (1991).Inhibition of pulmonary surfactant function by
phospholipases. Applied Physiology,71: 317-321.

Huang, S.S., Datta, R. and Plat, R. (2006).Risk of acquiring antibiotic-resistant bacteria from prior room occupants.Archive of
International Medicine, 166(16):1945-51.

Igbalajobi, O. A., Oluyege, A. O., Oladeji, A. C. and Babalola, J. A. (2016). Antibiotic Resistance Pattern of Pseudomonas
aeruginosa Isolated from Clinical Samples in Ekiti State University Teaching Hospital, Ado-Ekiti, Ekiti State of Nigeria. British
Microbiology Research Journal,12(4): 1-6.

Jacoby, G.A. (2009). AmpC beta-lactamases.Clinical Microbiology Review,22: 161-182.

Jimenez, P.N., Koch, G., Thompson, J.A., Xavier, K.B., Cool, R.H and Quax, W.J. (2012).The multiple signaling systems regulating
virulence in Pseudomonas aeruginosa.Microbiology and Molecular Biology Review, 76: 46-65.

Johansen, H.K., Moskowitz, S.M., Ciofu, O., Pressler, T. and Hoiby, N. (2008). Spread of colistin resistant non-mucoid
Pseudomonas aeruginosa among chronically infected Danish cystic fibrosis patients. Journal of Cystic Fibrosis,7: 391-397.

WwWw.irjes.com 8 | Page



Antibiogram of Pathogenic Pseudomonasaeruginosa Isolated from Hospital Environment

[60].

[61].
[62].
[63].
[64].
[65].
[66].
[67].
[68].
[69].

[70].

[71].
[72].
[73].
[74].
[75].
[76].

[77].
[78].

[79].
[80].
[81].

[82].
[83].

[84].

[85].

[86].
[87].
[88].

[89].

[90].
[91].
[92].
[93].

[94].

Juan, C., M. D. Macia, O. Gutierrez, C. Vidal, J. L. Perez, and A. Oliver.2005. Molecular mechanisms of _-lactam resistance
mediated by AmpC hyperproduction in Pseudomonas aeruginosa clinical strains. Antimicrobial Agents and
Chemotherapy,49:4733-4738.

Kaplan, JB (2010) Biofilm dispersal: mechanisms, clinical implications, and potential therapeutic uses. J Dent Res 89: 205-218.
Kayabas, U., Bayraktar, M., Otlu, B., Ugras, M., Ersoy, Y. and Bayindir, Y. (2008). An outbreak of Pseudomonas aeruginosa
because of inadequate disinfection procedures in a urology unite: A pulsedfield gel electrophoresis — based epidemiologic study.
American Journal of Infection Control,36(1):33 8.

Kelly N.M., Kluftinger, J.L., Pasloske, B.L., Paranchych, W. and Hancock, R.E. (1989).Pseudomonas aeruginosa pili as ligands for
nonopsonic phagocytosis by fibronectin-stimulated macrophages. Infection and Immunity57: 3841-3845.

King, E. O., Ward, M. K. and Raney, E. E. (1954).Two simple media for the demonstration of pyocyanin and fluorescein. Journal of
Laboratory and Clinical Medicine,44:301.

King, J.D., Kocincova, D., Westman, E.L. and Lam, J.S. (2009).Lipopolysaccharide biosynthesis in Pseudomonas aeruginosa.lnnate
Immunity, 15: 261-312.

Kipnis, E., Sawa, T. and Wiener-Kronish, J. (2006).Targeting mechanisms of Pseudomonas aeruginosa pathogenesis.Medicine et
Maladies Infectieuses,36: 78-91.

Kohler, T., Curty, L.K., Barja, F., van Delden, C. and Pechere, J. (2000). Swarming of Pseudomonas aeruginosa is dependent on
cell-to-cell signaling and requires flagella and pili. Journal of Bacteriology,182: 5990-5996.

Koneman, E.W., Allen, S.D., Janda, W.M., Schrenckenberger, P.C. and Winn W.C. (Jr.).(2006). Colour atlas and Diagnostic
Microbiology 5th edition.Lippincott-Raven.

Kuang, Z., Hao, Y., Walling, B.E., Jeffries, J.L., Ohman, D.E. and Lau, G.W. (2011).Pseudomonas aeruginosa elastase provides an
escape from phagocytosis by degrading the pulmonary surfactant protein- A. Public Library of Science ONE,6: 27091.

Laarman, A.J., Bardoel, B.W., Ruyken, M., Fernie, J., Milder, F.J., van Strijp, J.A. and Rooijakkers, S.H. (2012).Pseudomonas
aeruginosa alkaline protease blocks complement activation via the classical and lectin pathways. Journal of Immunology188: 386—
393.

Lam, J.S., Taylor, V.L., Islam, S.T., Hao, Y. and Kocincova, D. (2011). Genetic and functional diversity of Pseudomonas aeruginosa
lipopolysaccharide.Frontiers in Microbiol, 2: 1-25.

Lau, G.W.,, Britigan, B.E. and Hassett, D.J. (2005).Pseudomonas aeruginosa OxyR is required for full virulence in rodent and insect
models of infection and for resistance to human neutrophils. Infection and Immunity,73: 2550-2553.

Lau, G.W.,, Hassett, D.J., Ran, H. and Kong, F. (2004).The role of pyocyanin in Pseudomonas aeruginosa infection.Trends in
Molecular Medicine, 10: 599-606.

Lemmen, S.W., Hafner, H., Zolldann, D. and Stanzel, S. (2004). Littichen R. Distribution of multi-resistant gram-negative versus
grampositive bacteria in the hospital inanimate environment.Journal of Hospital Infections, 56(3):191-7.

Livermore, D. M. (1992). Interplay of impermeability and chromosomal lactamase activity in imipenem-resistant Pseudomonas
aeruginosa. Antimicrobial Agents and Chemotherapy,36: 2046-2048.

Livermore, D.M. (2002). Multiple mechanisms of antimicrobial resistance in Pseudomonas aeruginosa: our worst nightmare? Clinic
of Infectious Disease,34: 634-640.

Lopez, D., Vlamakis, H. and Kolter, R. (2010).Biofilms.Cold Spring Harbour Perspectives in Biology,2: 000398.

Lowbury, E. J. L., and Collins, A. G. (1955).The use of a new cetrimide product in a selective medium for Pseudomonas
aeruginosa.Journal of Clinical Pathology, 8:47.

Mah, T.C. and O’Toole, G.A. (2001).Mechanisms of biofilm resistance to antimicrobial agents. Trends in Microbiology,9: 34-39.
Malloy, J.L., Veldhuizen, R.A., Thibodeaux, B.A., O’Callaghan, R.J, and Wright, J.R. (2005).Pseudomonas aeruginosa protease 1V
degrades surfactant proteins and inhibits surfactant host defense and biophysical functions. American Journal of Physiology. Lung
Cellular and Molecular Physiology,288: 409-418.

Mariencheck, W.1., Alcorn, J.F., Palmer, S.M. and Wright, J.R. (2003).Pseudomonas aeruginosa elastase degrades surfactant
proteins A and D. Ameerican Journal of Respiratory Cell and Molecular Biology, 28: 528-537.

Mateja, D. and Masanori, S. (2013). Integral control of hospital environment. Indoor Built Environment, 22(5):776-795.

Matsumoto, K. (2004). Role of bacterial proteases in Pseudomonal and serratial keratitis.Journal of Biological Chemistry,385:
1007-1016.

Matsumoto, T., Tateda, K., Furuya, N., Miyazaki, S., Ohno, A., Ishii, Y., Hirakata, Y. and Yamaguchi, K. (1998).Efficacies of
alkaline protease, elastase and exotoxin A toxoid vaccines against gut-derived Pseudomonas aeruginosa sepsis in mice.Journal of
Medical Microbiology, 47: 303-308.

Matsuo, VY., Eda, S., Gotoh, N., Yoshihara, E. and Nakae, T. (2004). MexZmediated regulation of mexXY multidrug efflux pump
expression in Pseudomonas aeruginosa by binding on the mexZ-mexX intergenic DNA. Federation of European Microbiology
Societies Microbiology Letters, 238: 23-28.

Miao, E.A., Andersen-Nissen, E., Warren, S.E. and Aderem, A. (2007). TLR5 and Ipaf: dual sensors of bacterial flagellin in the
innate immune system. Seminars in Immunopathology, 29: 275-288.

Michigan State University Board of Trustees (2011).Antimicrobial Resistance.Antimicrobial Resistance Learning Site,
Pharmacology Module Outline, pp. 1-23.

Mikkelsen, H., Sivaneson, M. and Filloux, A. (2011).Key two-component regulatory systems that control biofilm formation in
Pseudomonas aeruginosa.Environmental Microbiology, 13: 1666-1681.

Miller, A.K., Brannon, M.K., Stevens, L., Johansen, H.K., Selgrade, S.E., Miller, S.1I., Hoiby, N. and Moskowitz, S.M. (2011). PhoQ
mutationspromote lipid A modification and polymyxin resistance of Pseudomonas aeruginosa found in colistin-treated cystic
fibrosis patients. Antimicrobial Agents of Chemotherapy, 55: 5761-5769.

Moore, N.M, and Flaws, M.L. (2011).Antimicrobial resistance mechanisms in Pseudomonas aeruginosa.Clinical Laboratory
Science,24: 47-51.

Morrison, A. J., and Wenzel, R. P. (1984).Epidemiology of infections due to Pseudomonas aeruginosa.Reviews of Infectious
Disease,6(3): 627-642

Moscoso, J.A., Mikkelsen, H., Heeb, S., Williams, P. and Filloux, A. (2011). The Pseudomonas aeruginosa sensor RetS switches
type 3 and type 6 secretion via c-di-GMP signalling. Environental Microbiology,13: 3128-3138.

Nandita, D., Badaru, O. A. and Adekeye, B. T. (2015). Microbiological Assessment of Agege Abattoir Situated in Lagos State,
Nigeria. IOSR Journal of Environmental Science, Toxicology and Food Technology, 9(9): 86-93.

NNIS (National Nosocomial Infections Surveillance System).(1999). report, data summary from Jan 1990- May 1999.American
Journal of Infection Control, 27: 520-532.

WwWw.irjes.com 9| Page



Antibiogram of Pathogenic Pseudomonasaeruginosa Isolated from Hospital Environment

[95].

[96].
[97].
[98].

[99].

[100].
[101].
[102].

[103].

[104].
[105].
[106].
[107].
[108].
[109].
[110].
[111].
[112].
[113].
[114].
[115].
[116].
[117].
[118].
[119].
[120].
[121].

[122].

[123].

[124].

[125].

[126].

[127].

Okafor A.C., Igwesi, S.N., David, E.E., Okolo, V.K. and Agu, K*. (2016).Presenceof Bacteria With Pathogenic Potential Among
Already-Used Toothbrushes From University StudentsAmerican Journal of Life Science Researches, 4 (3): 16-20. DOI:
10.20286/ajlsr-040302

Okon, K.O., Agukwe, P.C., Oladosu, W. and Balogun S.T. (2009). Antibiotic Resistance Pattern of Pseudomonas aeruginosa
Isolated from Clinical Specimens in A Tertiary Hospital In Northeastern Nigeria. The Internet Journal of Microbiology, 8: 1-6.
Ostroff, R.M., Vasil, A.l. and Vasil, M.L. (1990).Molecular comparison of a nonhemolytic and a hemolytic phospholipase C from
Pseudomonas aeruginosa.Journal of Bacteriology,172: 5915-5923.

Pearson, J.P., Feldman, M., Iglewski, B.H. and Prince, A. (2000).Pseudomonas aeruginosa cell-to-cell signaling is required for
virulence in a model of acute pulmonary infection. Infection and Immunity,68: 4331-4334.

Remington, J.S. and Schimpff, S.C. (2009). Please don’t eat salads; The New England Journal of Medicine, 304: 43335.

Robin, T., and Janda, J. M. (1984).Enhanced recovery of Pseudomonas aeruginosa from diverse clinical specimens on a new
selective agar.DiagnosticMicrobiology and Infectious Disease,2:207.

Ryder, C., Byrd, M. and Wozniak, D.J, (2007).Role of polysaccharides in Pseudomonas aeruginosa biofilm development.Current
Opinion in Microbiology,10: 644-648.

Sadikot, R.T., Blackwell, T.S, Christman, J.W. and Prince, A.S. (2005).Pathogen-host interactions in Pseudomonas aeruginosa
pneumonia.American Journal of Respiratory and Critical Care Medine, 171: 1209-1223.

Schultz, M.J., Speelman, P., Zaat, S.A., Hack, C.E., van Deventer, S.J. and van der Poll, T. (2000). The effect of Pseudomonas
exotoxin A on cytokine production in whole blood exposed to Pseudomonas aeruginosa.Federation of Europian Microbiology
Societies Review on Immunology and Medical Microbiology, 29: 227-232.

Schweizer, H.P. (2003). Efflux as a mechanism of resistance to antimicrobials in Pseudomonas aeruginosa and related bacteria:
unanswered questions. Genetics and Molecular Research 2: 48-62.

Sexton, T., Clark, P., O’Neill, E., Dillane, T. and Humphreys, H. (2006). Environmental reservoirs of methicillin-resistant
Staphylococcus aureus in isolation rooms: correlation with patient isolates and implications for hospital hygiene. Journal of Hospital
Infections,62(2):187-94.

Shaan, L.G and Robert E.W. (2013.). Pathogens and 168 Disease. Federation of European Microbiological Societies,67:159-173.
Shaheheragi, F., Feizabadi, M.N., Yamin, V., Abiri, R. and Abedin, Z.(2003). Serovar determination, drug resistance patterns and
plasmid profiles of Pseudomonas aeruginosa isolated from burn patients at two hospitals of Tehran (IRAN), 29: 547-551.

Shaver, C.M. and Hauser, A.R. (2004).Relative contributions of Pseudomonas aeruginosa ExoU, ExoS, and ExoT to virulence in the
lung.Infection and Immunity,72: 6969-6977.

Skoog, J. (2006). Relative air humidity in hospital wards — user perception and technical consequences: Indoor Built Environent.
15(1):93-97.

Skoog, J., Fransson, N., Jagemar, L. (2005). Thermal environment in Swedish hospitals, summer and winter measurements: Energy
Build. 37:872-877.

Sriramulu, D.D., L€unsdorf, H., Lam, J.S. and R€omling, U. (2005). Microcolony formation: a novel biofilm model of
Pseudomonas aeruginosa for the cystic fibrosis lung. Journal of Medical Microbiology,54: 667-676.

Strateva, T. and Yordanov, D. (2009).Pseudomonas aeruginosa — a phenomenon of bacterial resistance.Journal of Medical
Microbiology, 58: 1133 1148.

Teghanemt, A., Zhang, D., Levis, E.N., Weiss, J.P. and Gioannini, T.L. (2005).Molecular basis of reduced potency of underacylated
endotoxins.Journal of Immunology, 175: 4669-4676.

Toder, D.S., Ferrell, S.J., Nezezon, J.L., Rust, L. and Iglewski, B.H. (1994).lasA and lasB genes of Pseudomonas aeruginosa:
analysis of transcription and gene product activity. Infection and Immunity, 62: 1320-1327.

Ubaoji, K.I, Nwosu, O.K, Agu, K.C, Nwozor, K.O, Ifedilichukwu N.H, Okaka, A.N.C. (2020). Gas Chromatographic Analysis of
the Phyto-Constituents and the Assessment of the Anti-Microbial Properties of the Leave Extracts of Nigeria-Grown Gingkobiloba.
Journal of Scientific Research in Medical and Biological Sciences, 1(2):45-56.

Umeoduagu, N.D., Egurefa, S.O, Awari, V.G., Agu, K.C., Udenweze, E.C. and Uwanta, L.I. (2023).

Bacteriological and Antibiotic Resistance Evaluation of Bacteria Isolated from Fresh Meat Sold at Afor Oba Market, Anambra
State. International Journal of Research Publication and Reviews, 4(8), 554-560

United States Pharmacopeial Convention.(1995). The United States pharmacopeia, 23rd edition.The United States Pharmacopeial
Convention, Rockville, MD.

Veesenmeyer, J.L., Hauser, A.R., Lisboa, T. and Rello, J. (2009).Pseudomonas aeruginosa virulence and therapy: evolving
translational strategies. Critical Care Medicine,37: 1777-1786.

Vianelli, N., Giannini, M.B. and Quartic, C. (2006).Resolution of a Pseudomonas aeruginosa outbreak in a hematology unit with the
use of disposable sterile water filter. Hematology Journal, 91(7): 983-985.

W.H.O. (2014). Antimicrobial Resistance: Global Report on Surveillance. World Health Organization (WHO) Library Cataloguing-
in-Publication Data, pp. 1-256.

Waite, R.D., Paccanaro, A., Papakonstantinopoulou, A., Hust, J.M., Saqi, M., Littler, E. and Curtis, M.A. (2006). Clustering of
Pseudomonas aeruginosa transcriptomes from planktonic cultures, developing and mature biofilms reveals distinct expression
profiles. BMC Genomics, 7: 162.

Wolf, P. and Els€asser-Beile, U. (2009).Pseudomonas exotoxin A: from virulence factor to anti-cancer agent International. Journal
of Medical Microbiology,299: 161-176.

Wolfgang, M.C., Jyot, J., Goodman, A.L., Ramphal, R. and Lory, S. (2004). Pseudomonas aeruginosa regulates flagellin expression
as part of a global response to airway fluid from cystic fibrosis patients. Proceedings of the National Academy Sciences, USA,101:
6664-6668.

Wozniak, D.J., Wyckoff, T.J., Starkey, M., Keyser, R., Azadi, P., O’Toole, G.A. and Parsek M.R. (2003). Alginate is not a significant
component of the extracellular polysaccharide matrix of PA14 and PAO1 Pseudomonas aeruginosa biofilms. Proceedings of the
National Academy Sciences, USA,100: 7907-7912.

Yahr, T.L. and Wolfgang, M.C. (2006).Transcriptional regulation of the Pseudomonas aeruginosa type 3 secretion system.Molecular
Microbiology, 62: 631-640.

Yeung, A.T., Torfs, E.C., Jamshidi, F., Bains, M., Wiegand, I., Hancock, R.E. and Overhage, J. (2009). Swarming of Pseudomonas
aeruginosa is controlled by a broad spectrum of transcriptional regulators, including MetR. Journal of Bacteriology, 191: 5592—
5602.

WWw.irjes.com 10 | Page


https://scholar.google.com/scholar?oi=bibs&cluster=9492971821753391521&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=9492971821753391521&btnI=1&hl=en

