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Pseudomonas aeruginosa accounts for a significant proportion of nosocomial infections. This study exam-
ined the antimicrobial susceptibility pattern and clonal relatedness of P. aeruginosa isolates of clinical and
environmental origin. These isolates displayed susceptibility to levofloxacin, ciprofloxacin, gentamicin,
imipenem, and ceftazidime of 65.0%, 62.5%, 90.0%, 100%, and 85%, respectively. PCR-RAPD analysis of the P.
aeruginosa isolates revealed marked variation. No correlation was observed between the antibiotic resis-

tance profiles and the DNA typing patterns.
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Referred to as a panacea to cure infections, antibiotics
have been greatly relied upon by humans in combating
infections for over 60 years. However the emergence of
resistance by pathogenic bacteria most especially multi-
drug resistance (MDR) has remained a great threat to
the use of these miracle molecules in medical practice
[1]. MDR bacteria abound in the environment and have
been implicated in human infections. One of such bacte-
rium is Pseudomonas aeruginosa an opportunistic
pathogen associated with nosocomial infections mostly
in patients with impaired immunity [2, 3]. P. aeruginosa
exhibits a remarkable antibiotic resistance profile as it
has an extraordinary ability of acquiring further mecha-
nisms of resistance to multiple groups of antibiotics out-
side its natural resistance [4]. In Nigeria, several studies
have shown high resistance of P. aeruginosa obtained
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from both clinical and environmental sources to various
classes of antibiotics most especially those isolated from
hospital settings [6-9]. It is therefore imperative to
determine the genetic relatedness of P. aeruginosa iso-
lated from clinical samples and those isolated from the
environment by genotyping, since typing of strains is
necessary for determining the epidemiology of nosoco-
mial infections and in the design of pathogen control
strategies [10]. This study investigates the antimicrobial
susceptibility pattern of clinical and environmental iso-
lates of Pseudomonas aeruginosa and the clonal related-
ness of these species.

Forty eight isolates of clinical (30) and environmental
(18) species of Pseudomonas obtained from the Molecular
Biology and Biotechnology Laboratory of the Nigerian
Institute of Medical Research (NIMR) were subjected to
antibiotic susceptibility testing using the disc diffusion
method according to the clinical laboratory standards
Institutes (CLSI) guidelines [11]. Identification and
clonal relatedness of isolates was determined by poly-



Table 1. Genus and species specific Pseudomonas PCR primers
and RAPD primers.

Primers
Pseudomonas (PA-GS)F 5'-CACTGGTGTTCCTTCCTATA-3' [12]
specific (PA-GS)R 5'-GACGGGTGAGTAATGCCTA-3'
(PA-SS)F 5'-GGGGATCTTCGGACCTCA-3'
(PA-SS)R 5'-TCCTTAGAGTGCCCACCCG-3'
RAPD (10514) 5' TGGTGGCCTCGAGCAAGAGAACGG-3'[13]
(

14306) 5-GGTTGGGTGAGAATTGC-3'

merase chain reaction (PCR) and random amplified
polymorphic DNA analysis (RAPD) using pairs of prim-
ers shown in Table 1. Using Pseudomonas genus-specific
primers PA GS-F and PA GS-R 30 clinical (62.5%) and
18 environmental (37.5%) isolates were identified to be
Pseudomonas species. Of these 48 Pseudomonas species,
P. aeruginosa-specific primers PA SS-F and PA SS-R
confirmed 40 to be Pseudomonas aeruginosa comprising
26 clinical (54.17%) and 14 environmental (29.17%) iso-
lates. RAPD analysis of the 40 Pseudomonas aeruginosa
isolates produced 8 clusters consisting of 37 different
PCR-RAPD profile (Fig. 1). PCR based molecular typing
methods have been suggested for epidemiological typing
of P. aeruginosa strains, among which RAPD typing has
been recommended as an efficient tool in clonal discrimi-
nation of this pathogen [14]. Molecular typing by PCR-
RAPD analysis of P. aeruginosa isolates from clinical
and environmental sources resulted in thirty-seven dif-
ferent PCR-RAPD profiles. This showed high level of
variations based on the banding patterns among the iso-
lates and agrees with the expectation from an organism
with a much larger genome [15]. Of the eight clusters
generated, cluster 1 comprised sixteen isolates, four of
which were clonally related. Other clusters comprised of
two to four isolates which were probably not clonally
related. This shows that there is a high rate of polymor-
phism and hyper-mutation in P. aeruginosa genome.
High level of genetic diversity in P aeruginosa isolates
has also been reported as the basis of P. aeruginosa mul-
tidrug resistance and high tenacity in environmental
adaptability [14]. However, there seems to be no rela-
tionship between the genetic profiles and antibiotic sus-
ceptibility patterns of the isolates since no correlation
was observed between the antibiotic resistance profiles
and the DNA subtyping patterns. Similar results have
been reported in studies by Smith et al. [6], and Sinem
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and Nilufer [16], who observed no relationship between
the antibiotic susceptibility profiles and molecular typ-
ing patterns of P. aeruginosa.

Antibiotic susceptibility pattern and profile of Pseudo-
monas aeruginosa against test antibiotics are indicated
in Table 2. Twenty six (65%), were susceptible to levo-
floxacin, 27 (62.5%) were susceptible to ciprofloxacin, 36
(90%) were sensitive to gentamicin, 40 (100%) were sen-
sitive to imipenem, while 34 (85%) were sensitive to cef-
tazidime. Comparison of the sensitivity of environmental
and clinical isolates to test antibiotics showed that clini-
cal isolates were more sensitive to levofloxacin and cipro-
floxacin, while both environmental and clinical isolates
were all sensitive to imipenem (Table 2). In the present
study P. aeruginosa isolates from environments were
less sensitive to ceftazidime, levofloxacin and ciprofloxa-
cin than the clinical isolates, while sensitivity to genta-
micin was higher in environmental isolates than clinical.
However, the observed differences was not statistically
significant (p > 0.05): ciprofloxacin (p = 0.750), gentami-
cin (p =0.658) and ceftazidime (p =0.403) except levo-
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Fig. 1. Dendrogram constructed by UPGMA showing clus-
tering of Pseudomonas aeruginosa based on RAPD. | to VIII
stand for the eight clusters that were generated from the den-
drogram at the co-efficient of similarity.
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Table 2. Antimicrobial susceptibility pattern of the Pseudomonas aeruginosa isolates.

S Clinical sensitive isolates.
Antibiotics

Environmental sensitive  Total number of sensitive

p-values

N (%) n=26 isolates. N (%) n=14 isolates. N (%) n=40
Levofloxacin 20 (76.92) 6 (42.85) 26 (65.0) 0.031
Ciprofloxacin 18 (69.23) 9 (64.28) 27 (62.5) 0.750
Gentamicin 23 (88.46) 13 (92.85) 36 (90.0) 0.195
Imipenem 26 (100) 14 (100) 40 (100) -
Ceftazidime 23 (88.46) 11 (78.57) 34 (85) 0.403

floxacin, which had a p-value of 0.031. Imipenem was
found to be highly sensitive (100%) against both clinical
and environmental isolates. This corroborates the find-
ing of Chika et al. [17], and Odumosu et al. [18], who
reported P. aeruginosa isolates from environmental,
clinical, human, animals and plants not resistant to imi-
penem. The potency of this antibiotic could be as a result
of its conserved usage for only life threating cases. How-
ever there is need for caution in the use of this molecule
since resistance in P. aeruginosa has been reported in
Brazil [19]. Susceptibility (90%) of P. aeruginosa to gen-
tamicin was next to imipenem. This is in line with
reports from Lagos [20] and Ethiopia [21] of 91.2% and
91.7% susceptibility of P. aeruginosa to gentamicin
respectively. Hence gentamicin is one aminoglycoside
which could still be considered a potent antibiotic in the
treatment of infections caused by P. aeruginosa [22].
There was 85% susceptibility of P. aeruginosa to ceftazi-
dime, a third generation cephalosporin. This concurs
with reports of 85.25% and 88.3% susceptibility by Odu-
mosun et al. [23] and Olayinka et al. [24]. However there
was reduced susceptibility of P. aeruginosa to fluoro-
quinoles compared to earlier studies in Nigeria (Odu-
mosun et al. [23]; Mohammed e al. [25] and Osundiya et
al. [20]). Findings from this study show that imipenem,
gentamicin and ceftazidime are still effective antimicro-
bials against P. aeruginosa therefore prudent use of
these molecules is advocated to forestall development of
resistance.
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