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Abstract

Background: Pseudomonas aeruginosa infection is a serious problem in patients 
hospitalized with cancer, cystic fibrosis (CF) and in intensive care units (ICUs). Twitch-
ing motility contributes to the virulence of P. aeruginosa and permits colonization 
and infection of the respiratory tract. Genetic relatedness and cross-infection by 
multidrug-resistant (MDR) P. aeruginosa could be identified by the random ampli-
fied polymorphic (RAPD) – PCR genotypic identification system. 

Methods and Findings: RAPD typing of P. aeruginosa strains isolated from 1) 
pulmonary tract CF patients, 2) lung cancer patients before and other cases after 
thoracic radiotherapy (TRT), and 3) environmental specimens; from endotracheal 
tubing and from a ventilator in ICU also, antimicrobial susceptibility (by disc diffu-
sion agar method) and twitching motility assay (subsurface by stab-inoculation & at 
agar-air interface) were carried out. Phylogenic analysis of the RAPD pattern showed 
rates of genetic similarity ranging from 11-100%. The tested isolates exhibited diverse 
patterns with little clonality. A high antimicrobial susceptibility rate was detected 
to amikacin, meropenem & imipenem (90.59, 87.06 & 85.88%) respectively and low 
susceptibility rate to azithromycin (12.94%). An association was observed between 
genotype and antibiotype. A detailed examination of twitching motility under op-
timal conditions in vitro was carried out. Overall rate of radial colony expansion was 
0.12 & 0.80 mm h-1 for lowest and highest twitching motility respectively. The zones 
of colony expansion due to twitching motility exhibit concentric rings in which there 
is a high density of microcolonies was observed, which may reflect periods of expan-
sion and consolidation/cell division. 

Conclusions: The observations demonstrate twitching motility as a rapid, highly 
organized mechanism of bacterial translocation by which P. aeruginosa can disperse 
itself over large areas to colonize new surfaces. Highly significant correlation be-
tween antibiotic resistance and twitching motility was detected. The results may be 
useful in preventing pulmonary cross infection and in outbreak analysis. 

Key words: Pseudomonas aeruginosa; Randam amplified polymorphic DNA 
(RAPD);Typing; Twitching motility; Type ΙV pili; Antimicrobial susceptibility pattern.

Introduction

Pseudomonas aeruginosa is an opportunistic pathogen respon-
sible for ventilator-associated pneumonia, acute lower respi-
ratory tract infections in immuno-compromised patients and 
chronic respiratory infections in CF patients. It is also one of 
the most predominant nosocomial pathogens often causing 
major problems and ranking among the first three most fre-
quently isolated organisms in ICUs [1-6]. Lung cancer is mostly 
complicated by pulmonary infections, with P. aeruginosa have 

been detected in up to 68% of the cases. The diagnosis is of-
ten difficult since the clinical symptomatology is atypical and 
radiological abnormalities are difficult to distinguish, such as 
atelectasis, or pleural effusion. Different factors predispose 
patients with lung cancer to infection. Multimodal manage-
ment of cancer patients may also contribute to opportunistic 
infections [7-9]. A significant decrease in the median survival 
of patients with lung cancer and pulmonary infections was 
demonstrated by some investigators [10, 11]. Nosocomial P. 
aeruginosa strains are frequently multidrug-resistant, and are 
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notorious for their ability to acquire further resistance mecha-
nisms during antibiotic treatment [12]. In addition, multiple 
virulence factors distinguish P. aeruginosa as the prototype 
opportunistic pathogen. Type ΙV pili, also known as fimbriae, 
equip P. aeruginosa with a flagella-independent form of solid 
surface translocation. Type ΙV pili extend and retract from the 
pole of the cell, and permit bacteria to move along a solid sur-
face by twitching motility. They act as adhesions for binding to 
host cells during the initial stage of infection and represent one 
of the most indispensable components of P. aeruginosa colo-
nization. Pili adhere to respiratory epithelia cells by binding 
to specific galactose, mannose, or sialic acid surface receptors 
[13-19]. The infectious P. aeruginosa can be transmitted hori-
zontally within a family or a group of patients, or derive from 
a common environmental source. Infection with some of these 
strains is associated with increased morbidity and treatment 
burden compared to infection with non-epidemic strains. The 
method of transmission between patients is not clear, however 
there is some evidence that the airborne route may play an 
important contributory role [20,21]. How much P. aeruginosa 
cross-infection contributes to morbidity and mortality is, at 
present, unknown. Therefore, the provision of resources for 
microbiological surveillance and implementation of infection 
control measures including segregation of patients to prevent 
cross infection are of the utmost importance in the hospital 
environment. The efficiency of such measures depends on the 
availability of appropriate epidemiologic studies. To this end, 
several typing systems for discrimination among P. aeruginosa 
strains have been used. Genomic fingerprinting methods such 
as the random amplification of polymorphic DNA sequences 
(RAPD) by the polymerase chain reaction (PCR) using arbitrary 
primers is a method which proved to be useful in typing bac-
terial strains and is highly reproducible and discriminatory 
[22,23]. Therefore, the aim of this study was to examine the 
genetic relatedness of P. aeruginosa isolates from four different 
origins including patients with pulmonary disease in order to 
assess for cross infection between them through the employ-
ment of RAPD PCR also, to determine twitching motility and 
antibiotic in-vitro susceptibility patterns that can be useful in 
selecting the appropriate treatment for such patients.

Methods

Bacterial isolates

Pseudomonas aeruginosa isolates were recovered from the spu-
tum of the following cases; a) Twenty five patients with CF (15 
males and 10 females) admitted to the Department of Chest 
Diseases at Al-Hussein University Hospital, Al-Azhr University 
Cairo, Egypt, b) Twenty five cases (20 males and 5 females) with 
non-small cell lung cancer (NSCLC) receiving conventionally 
fractioned thoracic radiotherapy (TRT) at the National Cancer 
Institute (NCI), Cairo, Egypt to a total dose of 50-66Gy (2 Gy/
fraction and 5 fractions per week) delivered using Co60. The 
age range of the patients was from 30 to 65 years. Samples 

were taken at the end of the last radiotherapy session. c) Twen-
ty five non-small cell lung cancer patients (22 males and 3 fe-
males) prior to the start of TRT. d)Ten environmental specimens 
(ES) five from an endotracheal tubing and the other five from a 
ventilator in ICU at Al-Hussein University Hospital, Al-Azhr Uni-
versity, Cairo, Egypt. All isolates were identified as P. aeruginosa 
on the basis of their typical colonial appearance, characteristic 
pigments, positive oxidase test and finally the identification 
was confirmed by using the MicroScan WalkAway-96 SI Sys-
tem (Dade Behring, Germany) at the National Cancer Institute, 
Cairo, Egypt. All P. aeruginosa isolates were tested for their sus-
ceptibilities to antibiotics by the disc diffusion agar method 
[24] in accordance with Clinical and Laboratory Standard Insti-
tute recommendations (CLSI) [25]. The following antimicrobial 
disks (μg) (Oxoid) were used: amikacin (30), gentamicin (10), 
tobramycin (10), aztreonam (30), ciprofloxacin (5), meropenem 
(10), imipenem (10), ceftazidime (30), ceftriaxone (30), cefepime 
(30), carbenicillin (100), ticarcillin/clavulanic acid (85), piperacil-
lin/tazobactam (110) and azithromycin (15). 

Twitching motility assays

The tested strains were subjected to a stringent assay for 
twitching motility, which involved stab-inoculating the colony 
through a thin (approx.3mm) 1% Luria Bertani (LB) agar layer 
to the bottom of the Petri dish, and allowing it to move in the 
interstitial space between the Petri dish and the basal surface 
of the agar. After incubation at 37˚C for the specified times, a 
hazy zone of growth (rafts of migrating cells) at the interface 
between the agar and the polystyrene surface was observed 
in contrast to isolates which lack twitching motility and for 
which colony growth is limited to the point of inocula [26-30]. 
The ability of bacteria to twitch strongly on the polystyrene 
surface was examined by removing the agar, washing away 
unattached cells with a stream of tap water and staining the 
attached cells with 1% (w/v) crystal violet solution to elaborate 
the zone of movement and by microscopic observation of the 
expansion edge (Stereomicroscope LICA 10445930). The zone 
of motility at the agar/ Petri dish interface was measured [26-
30]. In addition, twitching motility occurred over the surface of 
agar that had been set against the plastic on the bottom of the 
plate and then inverted and exposed to the air (without a glass 
cover) was examined. Each assay was performed in triplicates 
and repeated three times.

Extraction of P. aeruginosa genomic DNA

Bacterial cells were inoculated into 2 ml of Brain Heart Infu-
sion Broth (Oxoid) and incubated at 37±1˚C for 20 hours. The 
volume of culture harvested corresponded to about 1.0 Mc-
Farland concentration. DNA was extracted from the bacterial 
pellets using QIAamp DNA Mini Kit (QIAGEN) in accordance 
with the manufacturer’s instructions, and adjusted to a final 
concentration of 34 ng/μl in TE buffer [10mM Tris-HCL (pH 8.0) 
+ 1.0 mM EDTA] before storage at -20˚C.
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RAPD fingerprinting and fragments analysis

To select primers that generated reproducible random ampli-
fied polymorphic DNA (RAPD) patterns, 5 RAPD assays were 
performed in duplicates, using five 10 mers primers (BIONEER) 
set; [primer 208 (5’-ACG GCC GAC C-3’), primer 272(5’- AGC 
GGG CCA A-3’), primer Pyo 15 (5’-GCA GGG TGT T-3’), primer 
B10 (5’- CTG CTG GGA C-3’) and primer B7 (5’-GGT GAC GAC 
G-3’)] which have been previously used [22,23,31-33] on DNA 
extracted from one randomly chosen strain in each group of 
our collection (strains No.2,9,11&15).Two primers (208 &272) 
were selected from the results of this preliminary study be-
cause they generated reproducible RAPD patterns with two to 
11 bands compromising between 100 and 3000 bp. RAPD was 
performed as described previously [22,33]. The RAPD PCR mix 
was set up. Reaction mixture (25 μl) contained 34ng of bacte-
rial template DNA, 10x reaction buffer (Stratagene catalog No. 
600131) supplied by the manufacturer, 3mM MgCl2 (Stratagene 
catalog No. 600131), 200μM dNTP (Perkin Elmer Cetus, Part No 
801 - 0055), 20pM one primer, and 2 U Taq DNA polymerase 
(Stratagene catalog No. 600131). DNA was amplified with a 
DNA thermal cycler (Perkin Elmer, 2400) as follows: four cycles 
of 94˚C for 5 min, 36˚C for 5 min and 72˚C for 5 min; 30 cycles 
of 94˚C for 1 min, 36˚C for 1 min and 72˚C for 1 min; and finally 
one cycle at 72˚C for 10 min. The amplified fragments were 
separated by horizontal gel electrophoresis using GIBCO BRL 
gel electrophoresis apparatus [1.5% agarose gel (Promega cat. 
No. V 3121), 1xTBE running buffer, and 5 V/cm] for 40 minutes 
and stained with ethidium bromide (0.5μg/ml). DNA bands 
were visualized under UV using Gel doc.2000 Transilluminator 
“BioRad”. DNA molecular weight marker [ϕX174 RF DNA- Hae 
ΙΙΙ digest (72 - 1,353 bp)] (Sigma) was used. The RAPD finger-
prints were analyzed both by naked eye and by computer. 
Genetic similarities between fingerprints were estimated by 
construction of a similarity matrix using the Dice method [34]. 
Amplification products were scored independently as 1 and 0 
for presence and absence of bands respectively, and the ob-
tained binary data were used for the analyses. Only sharp PCR 
fragments were scored. The binary data were used to com-
pute pair wise similarity coefficients and the similarity matrix 
obtained was subjected to cluster analysis using the UPGMA 
(Unweighted Pair Group Method of Arithmatic Average) algo-
rithm on NTSYS-pc version 2.1 software package (Numerical 

Taxonomy System, Exeter Software) [35].The data were used to 
construct a dendrogram and assess the phylogenetic relation-
ships between strains. For a given strain, the RAPD type was 
defined as the combination of patterns obtained with the two 
oligonucleotides. Definitions of clonal structures of P. aerugi-
nosa strains were made according to Tenover et al. [36].

Statistical analysis

Data analysis of Pseudomonas aeruginosa strain susceptibility 
to antibiotics was carried out with PASW statistical software 
package (V.18.0.IBM Corp.,USA,2010). The following tests were 
done:1-Comparison between two independent proportions 
for categorized data using Z test. The probability of error at 
0.05 was considered significant. 2- Assessment of Calculated 
Relative Index that measure how many times the antibiotic is 
sensitive among a certain group of patients as that resistant. 
They were calculated as absolute figures for each group (Calcu-
lated Group Relative Index) and as a total (Calculated Total In-
dex). It was used for comparison with others among the same 
group and also between different groups.

Comparison between antibiotics resistance (number) and 
twitching zone radius (mm) was done using Pearson Correla-
tion Test.

Results and discussion

Antibiotics susceptibility patterns of isolated P. 
aeruginosa strains

The comparison of resistance rate for the four groups to the 
tested antipseudomonal antibiotics is shown in Tables (1 & 
2). The isolates differed in their susceptibilities to the antibi-
otics tested. Among the (85) P. aeruginosa isolates, the most 
active antimicrobial agent was amikacin (90.59% susceptibil-
ity, Total (T) -Index = 9.6) followed by meropenem, imipenem 
and piperacillin/tazobactam [(87.06 (6.7), 85.88 (6.1) & 64.71 
(1.8) % susceptibility&(T-Index)] respectively which is in agree-
ment with others [37-39].While, the least active antibiotic was 
azithromycin (12.94% susceptibility, T-Index = 0.1) [40]. 

Table 1. In- vitro antimicrobial susceptibilities for the collected P. aeruginosa clinical isolates to 14 antibiotics.

 Antibiotics CF (n = 25) NSCLC-(B) (n = 25) NSCLC -(A) (n = 25) ES (n = 10) Total (n = 85)

 Breakpoint interpretations*

%S %I %R %S %I %R %S %I %R %S %I %R %S %I %R

(1) Aminoglycosides:

     (a) Amikacin (30 mg) 96 0 4 92 4 4 84 4 12 90 0 10 90.59 2.35 7.06

     (b) Gentamicin (10 mg) 36 16 48 40 8 52 28 8 64 20 10 70 32.94 10.59 56.47

     (c) Tobramycin (10 mg) 56 0 44 32 4 64 40 0 60 40 20 40 42.35 3.53 54.12
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(2) Monobactams : 

      Aztreonam (30 mg) 16 8 76 40 8 52 24 4 72 50 10 40 29.41 7.06 63.53

(3) Quinolones: 

      Ciprofloxacin (5 mg) 32 0 68 48 24 28 20 16 64 30 0 70 32.94 11.77 55.29

(4) Cabapenems :

     (a) Meropenem (10 mg) 92 0 8 88 8 4 84 0 16 80 10 10 87.06 3.53 9.41

     (b) Imipenem (10 mg) 88 4 8 88 0 12 80 0 20 90 0 10 85.88 1.18 12.94

(5) Cephalosporins: 

     (a) Ceftazidime (30 mg) 20 0 80 12 4 84 8 16 76 30 0 70 15.29 5.88 78.82

     (b) Ceftriaxone (30 mg) 44 0 56 32 8 60 28 8 64 20 20 60 32.94 7.06 60.0

     (c) Cefepime (30 mg) 48 16 36 36 0 64 40 8 52 40 0 60 41.18 7.06 51.77

(6) Penicillins: 

     (a) Carbenicillin (100 mg) 28 8 64 48 4 48 24 0 76 40 10 50 34.12 4.71 61.18

     (b)  Ticarcillin/Clavulanic 
acid (85mg) 

32 0 68 56 0 44 60 0 40 60 0 40 50.59 0 49.41

     (c)  Piperacillin/Tazobactam 
(110 mg) 

52 0 48 64 0 36 72 0 28 80 0 20 64.71 0 35.29

(7) Macrolide (Azalide): 

      Azithromycin (15 mg) 12 0 88 20 0 80 8 8 84 10 20 70 12.94 4.71 82.35

CF: Cystic fibrosis patients, NSCLC-(B): Non– small cell lung cancer patients before receiving Thoracic Radiotherapy, NSCLC-(A): Non – small cell lung cancer 
patients after receiving Thoracic Radiotherapy, ES: Environmental specimens. % S = % Susceptible, % I = % Intermediate, % R = % Resistant. 
*  Breakpoint interpretations: Amikacin S ≥ 17 mm, I= 15 – 16mm, R ≤ 14mm; Gentamicin S ≥ 15mm, I = 13 -14mm, R≤ 12 mm; Tobramycin 
S≥ 15mm, I = 13 -14 mm, R≤ 12 mm; Aztreonam S ≥ 22mm, I = 16 -21 mm, R≤ 15 mm; Ciprofloxacin S≥ 21mm, I= 16 – 20 mm, R≤ 15mm; 
Meropenem S≥ 16mm, I= 14 – 15mm, R≤ 13mm; Imipenem S ≥16mm, I=14 – 15 mm, R≤13mm; Ceftazidime S≥ 18 mm, I= 15 – 17mm, 
R≤ 14mm; Ceftriaxone S≥ 21 mm, I = 14 – 20 mm, R≤ 13mm; Cefepime S≥ 18mm, I = 15 -17 mm, R≤ 14mm; Carbenicillin S≥ 17 mm,
I =14 – 16 mm, R≤ 13mm; Ticarcillin – clavulanic acid S ≥ 15mm, R≤ 14mm; Piperacillin – Tazobactam S≥ 18mm, R≤ 17mm and 
 Azithromycin S≥ 18mm, I= 14 – 17mm, R≤ 13mm.

Table 2. Calculated Group Relative Index and Calculated Total Index for the 14 antibiotics used.

Antibiotics
Group-Relative Index Total -Index

 CF NSCLC-(B)  NSCLC-(A)  ES

(1) Amikacin  24  11.5  5.3  9  9.6

(2) Gentamicin  0.6  0.7  0.4  0.3  0.5

(3) Tobramycin  1.3  0.5  0.7  0.7  0.7

 (4) Aztreonam  0.2  0.7  0.3  1  0.4

 (5) Ciprofloxacin  0.5  0.9  0.3  0.4  0.5

(6) Meropenem  11.5  7.3  5.3  4  6.7

(7) Imipenem  7.3  7.3  4  9  6.1

(8) Ceftazidime  0.3  0.1  0.1  0.4  0.2

(9) Ceftriaxone  0.8  0.5  0.4  0.3  0.5
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The mechanisms by which azithromycin affects the outcome of 
infections with P. aeruginosa could include an anti-inflammato-
ry activity and /or a modulation of the production of bacterial 
virulence factors, as it inhibits the production of bacterial exo-
proteases. In addition, azithromycin inhibits quorum sensing in 
P. aeruginosa [40]. Susceptibility to gentamicin, ciprofloxacin & 
ceftriaxone was similar (32.94%) & (T-Index = 0.5). Resistance to 
ceftazidime was high (78.82%) indicating the epidemic spread 
of an expanded-spectrum β-lactamase-producing strain [41]. 
Ceftazidime resistance is usually due to selection of P. aerugi-
nosa strains with derepression of the chromosomal AmpC β 
-lactamase gene or efflux pumps [42]. Increased prevalence of 
ceftazidime- resistant P. aeruginosa is related to increased use 
of β –lactam antibiotics such as amoxicillin and ceftazidime [41, 
42]. Thus, differences in the resistance rates usually correlate 
with the prescribing habits of each hospital and the selective 
pressure of certain antibiotics. Calculated Group-Relative In-
dex and Calculated Total-Index are represented in (Table 2). 
Resistance to the aztreonam and ticarcillin/clavulanic acid was 
significantly (p<0.05) greater and to tobramycin was signifi-

cantly lower for CF strains compared to NSCLC-B strains. While, 
resistance to ticarcillin/clavulanic acid and to aztreonam was 
significantly greater for CF strains compared to NSCLC-A and 
ES strains respectively. For NSCLC-B and NSCLC-A strains, resis-
tance to ciprofloxacin and carbenicillin was significantly great-
er for the second group compared to the first one. In this study, 
the 28 highly antibiotic resistant [multidrug-resistant (MDR)] P. 
aeruginosa strains representing different antibiotypes were se-
lected for further experiments. MDR P. aeruginosa isolates were 
defined as isolates demonstrating resistance to antimicrobials 
from 3 or more different classes [37]. Among them, there were 
13 distinct antibiotypes (against 18 genotypes) (Table 3 & 
Fig. 9). Regarding to the number of antibiotypes (13), suscep-
tibility to amikacin was the highest (92.31%), then meropenem 
(76.92%), imipenem (69.23%), tobramycin (53.85%), piperacil-
lin/tazobactam (46.15%), carbinicillin and ticarcillin/clavulanic 
acid (38.46%), gentamicin (23.08%), aztreonam and cefepime 
(15.39%), ciprofloxacin and azithromycin (7.69%). No suscepti-
bility was detected for ceftazidime and ceftriaxone among all 
antibiotypes (Table 3). 

(10) Cefepime  0.9  0.6  0.7  0.7  0.7

(11) Carbenicillin  0.4  0.9  0.3  0.7  0.5

(12)Ticarcillin/
Clavulanic acid 

 0.5  1.3  1.5  1.5  1

(13)Piperacillin/
Tazobactam 

 1.1  1.8  2.6  4  1.8

(14) Azithromycin  0.1  0.3  0.1  0.1  0.1

CF: Cystic fibrosis patients, NSCLC-(B): Non– small cell lung cancer patients before receiving Thoracic Radiotherapy, 
NSCLC-(A): Non – small cell lung cancer patients after receiving Thoracic Radiotherapy, ES: Environmental specimens.

Table 3. Antibiotype , twitching zone radius and origin of the 28 selected P. aeruginosa isolates.

Twitch-
ing zone 

radius(mm)
Mean ± SD

Origin  
of Samples

1 9.67±0.29 1 2 CF S R R R R S S R R R R R R R

1 11.33±0.76 2 3 CF S R R R R S S R R R R R R R

1 10.00±0.00 3 12 NSCLC-(B) S R R R R S S R R R R R R R

1 11.00±0.87 4 15 NSCLC -(B) S R R R R S S R R R R R R R

1 12.17 ± 0.29 5 17 NSCLC -(A) S R R R R S S R R R R R R R

1 10.33±0.29 6 18 NSCLC- (A) S R R R R S S R R R R R R R

1 14.50±1.00 7 20 NSCLC- (A) S R R R R S S  R R R R R R R

2 6.17±0.29 8 24 NSCLC- (A) S R S R R S S R I S R S S R
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Colony expansion due to twitching motility

Figs.1 & 2 show the appearance of piliated P. aeruginosa colo-
nies at the interstitial surface between the agar and the plastic 
at the bottom of the plate. This illustrates the fact that twitch-
ing motility along smooth surfaces promotes rapid colony ex-
pansion [appeared as a halo (single layer of cells moving out 
from the colony) at the interstitial surface between the agar 
and the plastic]. Such expansion occurred at the agar /air inter-
face at the same rate as at the agar/plastic interface. By layering 
agar on the bottom of a Petri dish and inverting the plate to 
create an “upside down” agar-air interface produced a zone 
of concentric rings with the very fine outermost edge were 
twitching is actively taking place identical to those observed at 
an agar-plastic interface. This indicated that twitching motility 
requires a smooth surface as opposed to an interstitial surface 
across which bacteria can translocate, and is similar to what 
might transpire during the infection of human airway epithe-
lia. Such observations indicated that type ΙV pili expressed in 
the outer, active, twitching zone of expanding P. aeruginosa 

colonies participate in the movement across surfaces, which is 
fundamental to the virulence of P. aeruginosa [28, 43-45]. The 
results also revealed that, after 24 hours the selected P. aeru-
ginosa isolates representing the four groups included in this 
study and 13 different antibiotypes produced different twitch-
ing zones with different radii (mm) (Table 3) with 2.83 ± 0.58 
and 19.17 ± 0.76 were the lowest and highest obtained values 
(Figs. 3 & 4) and overall rate of radial colony expansion at the 
interstitial surface between the LB agar and the plastic Petri 
dish was 0.12 & 0.80 mm h-1 respectively. This was obtained 
by measuring the differences in the diameter of the colonies 
over a 24 hours period with incubation at 37 0C. We also fol-
lowed the kinetics of this expansion process more closely by 
measuring the diameter of the twitching zone every 1 hour for 
a 18 hours period with incubation at 30 0C (Figs. 5a,b,6A,B & 
7). These data suggest that twitching involves phases of mo-
tility interspread with phases of cellular growth and division 
(consolidation), consistent with the periodicity implied by the 
patterns observed of the twitching zone [28].

2 8.33±1.26 9 28 ES S R S R R S S R I S R S S R

3 2.83±0.58 10 7 NSCLC -(B) S I S I I S S R I S S R S R

4 9.00±0.00 11 10 NSCLC -(B) S S S R R S S R R R R R R R

4 11.00±1.80 12 11 NSCLC -(B) S S S R R S S R R R R R R R

4 11.67±0.29 13 21 NSCLC- (A) S S S R R S S R R R R R R R

5 12.33±0.58 14 4 CF S R R S R R R R R R R R R R

5 15.00±1.00 15 26 NSCLC- (A) S R R S R R R R R R R R R R

6 5.33±1.04 16 22 NSCLC- (A) S I S S I R R R R I S S S R 

7 5.50±0.00 17 5 CF S I S R R S S R R R S S S S

7 6.67±0.76 18 9 NSCLC -(B) S I S R R S S R R R` S S S S

8 19.17±0.76 19 8 NSCLC- (B) R R R R R R R R R R R R R R

8 16.50±0.87 20 23 NSCLC -(A) R R R R R R R R R R R R R R

8 18.33±1.15 21 6 CF R R R R R R R R R R R R R R

9 6.83±1.04 22 13 NSCLC -(B) S S S R S S S R R R S R R R

9 6.00±0.87 23 14 NSCLC- (B) S S S R S S S R R R S R R R

9 8.17±0.29 24 19 NSCLC -(A) S S S R S S S R R R S R R R

10 8.00±0.00 25 27 ES S R I R R S S R R R R S S R

11 13.17±1.04 26 1 CF S R R R R S I R R R R R R R

12 8.50±0.87 27 16 NSCLC -(B) S R R I I S S R R R R R R R

13 7.33±1.04 28 25 NSCLC- (A) S S S R R S S R R R S S S R

CF: Cystic fibrosis patients, NSCLC-(B): Non– small cell lung cancer patients before receiving Thoracic Radiotherapy, NSCLC-(A): Non – small cell lung cancer 
patients after receiving Thoracic Radiotherapy, ES: Environmental specimens.  % S = % Susceptible,   % I = %    Intermediate, % R = % Resistant. 
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 FIGURE 1.   Twitching motility assay for P. aeruginosa. 
Twitching motility-proficient strains produce a 
distinct halo “a hazy zone of interstitial growth 
“surrounding the surface colony (Numbers on 
plates indicating isolate number).

 FIGURE 3.   Scatterograph showing diversity in the radius 
(mm) of the twitching zone for the 28 selected  
P. aeruginosa isolates. The transverse line indicates 
the average twitching zone radius.  

 FIGURE 4.   Scatterograph showing diversity in the radius 
(mm) of the twitching zone for the 13 different 
antbiotypes obtained. The transverse line indicates 
the average twitching zone radius.  

 FIGURE 2.   Expansion profile of twitching motility. 
(Interstitial twitching zone). 
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 FIGURE 5.   Differences in the twitching zone radius (mm) with time. Isolate No.13. (A) after 
12 hours & (B) after 24 hours.

 FIGURE 6.   Graphs for the radial distances of colony expansion measured at 1 hour 
intervals over 18 hours. A & B isolates No. 10 & 19 (lowest & highest twitching 
zones radius respectively).  
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 FIGURE 7.    Micrograph for Stereo Microscopy of the 
twitching zone. Isolate No. 19. Cells at a 
magnification of X 2.5; (c) indicates the colony; 
(m) indicates the uncolonized medium; the 
arrow indicates the radial direction of colony 
expansion.

RAPD analysis and assessment of genetic link 
between P. aeruginosa isolates, antibiotic 
resistance and twitching motility

The goal of strain typing studies is to provide laboratory evi-
dence that the epidemiologically related isolates collected 
during an outbreak of a disease are also related genetically 
and thus represent the same strain. This information is help-
ful for understanding and controlling the spread of disease in 
hospital and communities [36]. RAPD method is recommended 
as an excellent screening method for many bacterial species; 
this has comparable results with the pulsed-field gel electro-
phoresis (PFGE) reference method which is expensive and time 

consuming [46]. In this study, five different sets of primers were  
evaluated but only two, each of 10- mer oligonucleotides 
primer with 70% (primer 272) & 80% (primer 208) G+C con-
tents gave a sufficient number of bands to perform a proper 
comparison. The choice of primers for use in RAPD analysis is 
one of the most critical factors. It appears that some arbitrary 
primers may work better than others and may provide results 
that are more reproducible [47]. Primers with a relatively high 
G+C content appeared to give the best (a satisfactory number 
of bands for all isolates tested) for microorganisms in RAPD 
analysis which is in accordance with others [48,49]. The two 
sets of primers used in this study were previously used in other 
studies and had comparable results with PFGE method [50]. 
Using primer 208 , 2 to 8 bands and primer 272, 2 to 11 bands 
from 100 to 3000 bp were detected (Fig. 8A & B). Computer 
analysis of banding pattern revealed different groups of ge-
netically related species. Similarity matrix (Fig. 9A) and genetic 
link between each P. aeruginosa strain of the studied popula-
tion, determined by the UPGMA, is presented as a dendrogram  
(Fig. 9B). This phylogenetic analysis identified two primary lin-
eages that allowed the differentiation of two major RAPD groups 
of isolates (RA and RB). These groups respectively contained 8 
and 12 isolates. Each of the two RAPD groups appeared to be 
equally as diverse, given that the branches appeared to be the 
same length in all groups. The resultant dendrogram showed 
from 11% to 100% genetic homology between the isolates. 
Despite some controversy regarding its population structure, 
P. aeruginosa is now believed to have an epidemic population 
structure, i.e. a superficially clonal structure with frequent re-
combination’s, in which successful epidemic clones may arise 
[51-54]. Changes in genotype patterns, which were attributed 
to re-arrangements in DNA structure or mutations, represent 
the genetic basis for conversion of P. aeruginosa strains to a 
common phenotype [33]. In agreement with other studies, 
with the 28 isolates studied, they were genetically diverse and 
only a small proportion of them exhibited a clonal relationship. 
The large number of genotypes suggests that most P. aeru-
ginosa strains were derived from the patients themselves, as 
shown previously [55]. The PCR with both primers generated 

 FIGURE 8.    RAPD markers 
associated with 
polymorphisms among 
P. aeruginosa strains. 
(A) RAPD amplification 
with primer 208. (B) 
RAPD amplification with 
primer 272.M, mol. wt. 
marker (ϕX174 RF DNA 
Marker Hae ΙΙΙ digest 
(72-1,353 bp) (Sigma).
Lanes : 1- 28 isolates 
No. 26, 1, 2, 14, 17, 21, 
10, 19, 18, 11, 12, 3, 22 , 
23, 4, 27, 5, 6, 24, 7, 13, 
16, 20, 8, 28, 15, 25 & 9 
respectively.
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 FIGURE 9.   (A) Similarity matrix, (B) Dendrogram showing genetic relatedness (percent similarities of patterns) of P. aeruginosa 
isolates. The results were obtained by RAPD analysis using two primers. The boxes indicate small clusters at ≥71% 
similarity (UPGMA; Dice, black vertical line). (Rolf,2002; Ni&Li,1979).Two groups (RA & RB) were identified. 
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18 different patterns, including 2 clones related genetically and 
epidemiologically detected from 4 patients with non-small cell 
lung cancer before receiving thoracic radiotherapy, these re-
sults are suggestive of a common exogenous source or cross 
–acquisition which is an important route of P. aeruginosa trans-
mission [56]. Epidemiologically related species are defined 
as species cultured from patients’ specimens collected in a 
limited period of epidemiologic study and these might have 
a common source [36]. However, epidemiologic information 
should always be taken in account when deciding whether ge-
netically related strains are also related epidemiologically [55]. 
Previous studies have suggested that there is no correlation 
between P. aeruginosa clones and diseases or environmental 
habitats [52, 57]. Although the P. aeruginosa isolates found in 
CF patients are genetically linked to isolates from patients with 
a number of other diseases, the two RAPD subpopulations of 
P. aeruginosa isolates (RA &RB) mostly contained isolates from 
the pulmonary tract of CF and non-CF patients. The existence 
of subpopulations that may have greater potential to colonize 
or infect the pulmonary tract of CF patients and favour other 
chronic obstructive airway diseases suggested previously by 
an analysis of the incidence of common pyocin types [31]. Bac-
teria can acquire genetic diversity, including antibiotic resis-
tance and virulence traits, by horizontal gene transfer [58]. The 
present study was aimed at determining whether particular 
epidemic clones were associated with the spread of multidrug 
resistance among hospital P. aeruginosa strains implicated in 
pulmonary tract infections. In contrast to other recent studies 

focusing mostly on particular resistance mechanisms [59-61], 
we attempted to obtain information on the distribution of P. 
aeruginosa genotypes in a clinically defined niche in relation to 
the level of resistance. As the results using RAPD analysis de-
termining the genetic diversity of P. aeruginosa strains isolated 
were compared with those of antibiogram base on [25] and in 
addition to multiresistant different genotypes of P. aeruginosa 
obtained, an association was observed between genotype and 
antibiotype as isolates of similar genotypes (with different lev-
els of similarity) displayed similar antibiotypes (Table 3, Fig. 
9A, B & 10). For example, isolates 1-7 (Lanes 2,3,12,15,17,18 & 
20 respectively) displaying 76% similarity have the same an-
tibiotype (number 1) while, isolates 11 & 12 (Lanes 10 & 11 re-
spectively) with100% similarity sharing antibiotype number 4. 
In addition, highly significant correlation (r = 0.912, p = 0) was 
found between number of antibiotics to which the tested iso-
lates were resistant and twitching zone radius (mm) (Fig. 11). 
The study was designed as a polyphasic subspecific analysis of 
prospectively collected isolates representing the population of 
strains associated with pulmonary infections.

In summary, control of infections is based on the identifica-
tion of the organisms and their mode of spread; the molecular 
technique used in this study makes this possible in the shortest 
possible time with a reasonable cost. Antibiotic resistance of 
P. aeruginosa is increasing rapidly which makes it difficult to 
eradicate. The incidence of resistant is dependent on the pat-
terns of antibiotic usage. The most effective antibiotic agent 

 FIGURE 10.    Similarity and association of P. aeruginosa genotypes and antibiotypes.
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in this study is amikacin, followed by meropenem. Also, it was 
found a non-random distribution of genomic types between 
the obtained multidrug-resistant (MDR) isolates. The relative 
homogeneity of the typing patterns of the isolates indicates 
that the problem of multidrug resistance P. aeruginosa hospi-
tal isolates is significantly related to clonal dissemination. Al-
though the factors involved in the clonal dissemination of such 
MDR strains remains to be established, it is likely that this pro-
cess is substantially facilitated by frequent inter-hospital trans-
fer of patients and the lack of effective measures to prevent 
the transmission of MDR microorganisms [62]. In addition, pa-
tients who harbour the highly transmissible P. aeruginosa strain 
have a greater treatment burden than patients with CF who 
harbour their own unique strains. The existence of a popula-
tion which seems to undergo specific clonality, probably with 
a high rate of genetic recombination, suggests that individual 
genotypes of P. aeruginosa are unstable and should be used as 
epidemiological markers with great caution, on small scales of 
space and time only, and with highly discriminating markers. 
Yet over the last decades, a number of studies have reported 
on the occurrence and spread of multidrug-resistant (MDR) 
strains in hospitals, mainly in intensive care units with heavy 
antibiotic and biocide pressure. Overall, the existence of MDR 
epidemic clones well adapted to the hospital environment re-
mains an open issue with possible practical implications for 
infection control and prevention. Concern has recently arisen 
following reports of spread of multi-resistant strains of P. ae-
ruginosa. Besides, we found a highly significant correlation 
between twitching motility which is an important virulence 

determinant of P. aeruginosa that permit colonization and in-
fection of the respiratory tract and antibiotic resistance. These 
findings support the need for microbiological surveillance for 
highly transmissible P. aeruginosa and the implementation of 
infection control measures including segregation to prevent 
cross infection. 
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