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In this study a total of 122 different samples included burns, sputum, urine samples, wounds, ear swabs, 
blood sample, vaginal swab and CSF sample were obtained from patients whom visited as “out-patients” 
to three Educational hospitals at Baghdad city in 2017, All the samples were identified by biochemical 
tests, selective media  and confirmed diagnosis with genetic identification by using 16SrRNA as a house 
keeping gene was used for genotypic diagnosis of P. aeruginosa. Fifty five isolates were Pseudomonas  
aeruginosa .(Polymerase Chain Reaction) PCR was used also  for screening the prevalence of some  
virulence factor genes nan1 (neuraminidase) , exoS (exoenzyme S) and  exoU (exoenzyme U).The 
results showed that 54 (98.18%) isolates were positive for exoS while nan1 and  exoU genes 32 
(58.18%) and 26(47.27)% respectively were positive, The prevalence of nan1  gene was (100%) in urine 
,wound, ear , blood, vaginal and CSF samples followed with sputum (50%) and (14.28%) for burns 
samples , the frequencies of exoU gene was (100%) for  urine , vaginal and CSF samples followed with 
wound, sputum (75%) and (60%)  respectively , but the lowest prevalence in  ear and burns infection 
(25%), (23.80%) respectively. We conclude from our results nan1 gene not essential for virulence 
compared with T3SS exotoxins exoS and exoU may be enhances ability of production of these effector 
proteins, because did not appear any isolate have nan1 gene alone. 
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INTRODUCTION 

Pseudomonas aeruginosa is an opportunistic 
pathogen and one of the most frequent causative 
agents of nosocomial infections (Cacalano et al., 
1992).Which causes a wide range of infections 
including septicemia, pneumonia, endocarditis, 
burns ,wounds, otitis , keratitis, urinary-tract 
infections in catheterized patients, immuno 
deficient and immuno compromised patients 
(Berthelot et al., 2003 & Lavenir et al., 2007) and 
causes persistent respiratory infections in 
individuals suffering from cystic fibrosis (CF) 
(Feltman et al., 2001 )  during last few decades, 
this pathogen associated with high mortality rate 

due to the presence of virulence factors in the 
bacterium, especially people with (CF) or  chronic 
obstructive pulmonary diseases (Lavenir et al., 
2007). P. aeruginosa is capable of elaborating an 
impressive array of virulence factors, which are 
divided into specific groups dependent upon their 
mode of action or method of delivery to the host 
cell. Its virulence factors are described as 
belonging to adhesions' and other secreted toxins. 
(Bradbury et al., 2010) such extracellular 
Neuraminidases encoded by nan1 gene  , 
Sialidases also referred to as, are key enzymes 
that hydrolyze the linkage of terminal sialic acids 
on  various sialoglycoconjugates to generate free 
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sialic acid (Vimr et al.,2004 and Severi et al., 
2007) Sialic acids are important components of 
the serum and mucus and represent the terminal 
sugar residue of many glycan chains on host cell 
surfaces, where they are involved in cell- cell 
recognition  (Lewis and Lewis2012).Additionally, 
type III secretion system (T3SS) Exoenzyme S, 
encoded by the exoS gene, is an ADP 
ribosyltransferase that is secreted by a type III 
secretion system directly into the cytosol of 
epithelial cells (Riese et al.,2002)and exoU, a 
phospholipase activity (Sato and Frank , 2004).In 
recent study, we used molecular diagnosis such 
as PCR, which have the potential for identifying 
microbial species rapidly by amplification of 
sequences unique to a particular gene in whole 
genome thus could be used for screening 
virulence gene (Khan and Cerniglia, 1994).The 
aim of our study was to evaluate the prevalence of 
some virulence genes encoding putative 
Neuraminidase nan1 and its role in production of 
some type III effector proteins exoS and exoU in 
clinical isolates of P. aeruginosa and their 
relationship with site of infection. 
 
MATERIALS AND METHODS 

Samples collection 
      A total of 55 different clinical isolates of P. 
aeruginosa were isolated from 122 clinical 
samples collected from patients whom visited as 
“out-patients” to Educational Al-Yarmouk, AL Kindi 
and Baghdad hospitals at Baghdad city during 
March to August 2017,They were obtained from 
burns(n:21), bronchial wash (n:3), sputum 
(n:7),urine mid-stream (n:5), surgical wounds or 
abscesses (n:8), ear swabs  (n:8), blood 
(n=1),vaginal swab (n:1) and cerebrospinal 
cord(CSF) (n:1).The samples transferred 
immediately into the microbiology laboratory for 
further experiments. Isolates were grown on Brain 
Heart Infusion Agar (BHIA)   at 37 oC for 24 h and 
stored at -80 oC in Brain Heart Infusion Broth 
(BHIB) containing 30% (v/v) of glycerol.    

Isolation and Identification 
 The specimens were cultured on MacConkey 

agar (Himedia-India) and incubated at 37℃ for 24 
hours under aerobic conditions in order to 
differentiate the lactose fermented bacteria from 
the non-lactose fermented bacteria. Well isolated 
colonies were selected and cultured on Citrimde 
agar (Himedia-India) to detect the P. aeruginosa 
isolates, which produce a blue green or yellow 
green pigments. The isolates were identified 

depending on morphological properties (for cells 
and colonies) and biochemical tests as described 
by Brown (2005), followed by Polymerase chain 
reaction (PCR) amplification of 16SrRNA gene 
and investigate prevalence of some virulence 
genes. Which included, encoding Neuraminidase 
(nan1), exoenzyme S (exoS) and exoenzyme U 
(exoU), was determined by PCR. All research 
genes were amplified with specific primers 
(Macrogen co. USA) listed in Table (1). 

Genotyping detection for isolates 
      16S rRNA gene a house keeping gene was 
used for genotypic diagnosis of P. aeruginosa, 
Specific primers listed in table (1) were employed 
and the amplified size was 144bp. A 16S rRNA 
gene PCR assay has the potential to detect 
pathogens due to this gene being highly 
conserved in prokaryotes.( Janda and Abbott, 
2007) .The genomic DNA was extracted by using 
Wizard genomic DNA purification kit (Promega, 
Madison,USA).Briefly,1ml of overnight culture 
centrifuged for 2min at 13000 rpm. Supernatant 
then discarded, for getting template DNA from 
pellet cells. PCR mixture was composed from 10 
μl of Green Master Mix, 1μl of forward primer and 
1μl of Reverse primer with 6 μl of nuclease free 
water. Finally, added 2 μl from each sample. PCR 
was run under the following conditions starting 
with a primary denaturation step at 95°C for 5min 
then 35 repeated cycles started with a 
denaturation step at 95°C for 30sec, then 
annealing at 60°C for 30sec and 1min at 72°C as 
extension step followed by final extension step at 
72°C for 7min .The concentrations of all DNA 
samples were determined using nano-drop 
instrument (Quantus USA). The general ratio (A 
260/280) equal to (1.8) perform better for PCR 
reaction before start with PCR assay. 
Amplification of Virulence genes Neuraminidase 
genes (nan1), exoenzyme S (exoS), and 
exoenzyme U (exoU) were determined by PCR. 
The genes were amplified with primers selected 
on the basis of the published PAO1 sequence 
PCRassay was run by the same method as 
previously described (Table 1). Then, products 
were separated in 1% agarose gel for 65 min at 
1wat, stained with ethidium bromide and detected 
by UV transilluminator.(Sambrook and Russel, 
2001) 

Statistical Analysis 
   The Statistical Analysis System- SAS (2012) 
program was used to detect the relation difference 
between genes different isolates.  
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Table (1) Primers used for PCR amplification of virulence genes. 

 
Genes Primer sequence (5`→3`) Product 

Size (bp) Annealing 
temperature 

Reference 

16S rRNA-f 
16S rRNA-r 

 

 GCA CTT TAA GTT GGG AGG AA  
 CTT TAC GCC CAR TRA WTC CG 

144 60 
 
 

(Hillenbrand et al., 
2011)  

nan1-f 
nan1-r 

GGAGCGTGTTCCTGTGTGTATAG 
AGAAGACGTCTCCCTGAATAAGA 

100 
60 

New designed in this 
study 

exoS-f 
exoS-r 

CTT GAA GGG ACT CGA CAA GG 
TTC AGG TCC GCG TAG TGA AT 

504 
60 

  (Mitov et al., 2010)       

exoU-f 
exoU-r 

GGG AAT ACT TTC CGG GAA GTT 
CGA TCT CGC TGC TAA TGT GTT 

428 
60 

(Mitov et al., 2010)      

Abbreviations: f, forward primer; r, Reverse primer.
Chi-square test was used to significant compare 
between percentages in this study 
RESULTSAND DISCUSSION 

In this study55 isolates of P. aeruginosa were 
collected from different nosocomial infections. 
Because standard phenotypic methods require 
several days and most have inherent limitations, 
genotypic detection depending on certain 
housekeeping gene was used as confirmatory test 
which provide a rapid diagnostic identification of 
bacteria. Al_Jabiri and Al_Jubori (2013) used 16S 
rRNA gene for detection the same bacteria and 
reported positive result for all isolates. Figure (1) 
shows positive agarose gel electrophoresis results 
for 16SrRNA gene products (amplified). 

Prevalence of virulence genes 
   Genomic DNA was used as a template for PCR 
screening virulence genes of P. aeruginosa which 
are tightly regulated by cell-to-cell signaling 
systems(Van Delden,&Iglewski,1998).As well as 
study correlating virulence patterns and infection 
clinical outcome could be useful for setting up 
efficient preventive and therapeutic procedures in 
hospitalized patients with positive P. aeruginosa 
cultures (Holban et al., 2013) . The frequencies of 
occurrence of virulence genes in all studied 
strains (n=55) were as follows Table (1) and in 
Figure (2, 3, 4) shows positive agarose gel 
electrophoresis results forNeuraminidase (nan1), 
exoenzyme S (exoS), and exoenzyme U (exoU) 
genes products (amplified).The results of isolates 
showed production of T3SS effector protein exoS 
gene with 98,08% , Our results differ from several 
results of researches such as Lanotte et al. (2004) 
exoS was only detected in (84.5%) of isolates;   
Mitov et al.(2010) reported  exoS in (62.4%) 
among 202 strains while Thamir and   Al-Jubori 
(2014) reached  to  21 isolate positive for exoS 
gene about (80.7%) and Yousefi-Avarvand et al., 
(2015) mentioned the frequency of toxA, exoU  

 
and exoS genes were 90.4%, 66.7% and 65.4%, 
respectively. The majority of P. aeruginosa strains 
secrete ExoS, a bifunctional toxin with GTPase-
activating protein and ADP ribosyltransferase 
activities. Numerous in vitro studies have 
investigated the targets and cellular effects of 
ExoS, linking both its enzymatic activities with 
inhibition of bacterial internalization. However, 
little is known about how this toxin facilitates the 
progression of infection in vivo and inhibits 
phagocytosis during Pneumonia (Rangel et al., 
2014).Results of nan1 and exoU genes 
prevalence revealed that total 29(55.77) and 
24(46.15) respectively of the isolates were 
harbored these genes with high Significant at 
(P<0.01) for nan1 gene was (11.52) followed by 
(10.74) for exoU gene, respectively. The cytotoxic 
type III effector ExoU is induced early during 
acute P. aeruginosa Pneumonia, Which causes 
rapid cell death in a mouse model. (Howellet 
al.,2013) ,As for the gene called nan1 encodes a 
sialidase that is responsible for adherence to the 
respiratory tract (Bradbury et al., 2010)Which  
plays an important role in bacterial attachment 
and subsequent invasion into host cells, and 
particularly into epithelial cells. ) Engel and  
Balachandran, 2009), Our results disagreed with  
Lanotte et al.,(2004)  nan1 was detected in 86 
isolates (53 %) and (100%) for exoU they 
illustrated that the distribution of nan1 was 
significantly related to isolates origin since they 
reported that the prevalence of nan1 was higher in 
CF isolates (61.7 %) as compared with non-CF 
isolates (44.4%); Ra'oof(2011) reported nan1 
gene were low disseminated (15%) only .While 
Thamir and   Al-Jubori (2014)   showed nan1 gene 
were detected in 1\26 (3.8%). 
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Figure (1): Agarose gel electrophoresis of 16SrRNA gene PCR product (144bp amplicon), DNA                             
                         Ladder (100bp), all the lanes were positive for 55 isolates. 
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Figure (2): Agarose gel electrophoresis of nan1 gene PCR product (100 bp amplicon) 
, DNA ladder (100bp). all the lanes were positive for the nan1 , except the lanes 
(2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,21,24,25,28,29,30) were negative 
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Figure (3): Agarose gel electrophoresis of exoS gene PCR product (504 bp amplicon).                          
                       DNA ladder (500bp), all the lanes were positive for 55 isolates except isolate (28). 
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Figure (4): Agarose gel electrophoresis of exoU gene PCR product (428 bp amplicon).   
                       DNA ladder (500bp), all the lanes were positive exoU, except the lanes (1, 2, 3,4,5,6    
                 ,7,8,14,15,16,17,18,19,20,21,22,23,24,29,42,43,47,48,49,50 ,51,52,53) were negative 
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Table (2): Prevalence and percentage of some virulence genes among P. aeruginosa obtained       
from various sources. 

Samples 
Genes 

burns 
no.(21) 

Sputum 
no.(10) 

urine 
no.(5) 

wounds 
no.(8) 

ear 
no.(8) 

Total% 
52 

Chi-Square 
(χ2) 

nan 1 3 (9.68%) 5 (50%) 5 (100%) 8 (100%) 8 (100%) 
29 

(55.77%) 
11.52 ** 

exoS 21 (`100%) 9 (90%) 5 (100%) 8 (100%) 8 (100%) 
51 

(98.08%) 
4.37 * 

exoU 5 (23.81%) 6 (60%) 5 (100%) 6 (75%) 2 (25%) 
24 

(46.15%) 
10.74 ** 

Chi-
Square 

14.84 ** 10.39 ** 0.00 NS 8.25 ** 13.62 ** 10..86 ** --- 

* (P<0.05), ** (P<0.01). 

Table (3): Prevalence and percentage of some virulence gene groups present at same isolates                 
                                   among P. aeruginosa different clinical sources. 

 

Samples 
Groups 

burns 
no.(21) 

sputum 
no.(10) 

urine 
no.(5) 

wounds 
no.(8) 

Ear 
no.(8) 

Total% 
52 

Chi-Square (χ2) 

G1 3 (9.68%) 5 (50.0%) 5 (100%) 8 (100%) 8 (100%) 29 (55.77%) 14.89 ** 

G2 0 (0.00%) 3 (30.0%) 5 (100%) 6 (75%) 2 (25%) 16 (30.77%) 15.37 ** 

G3 5 (23.81%) 5 (10.00%) 5 (100%) 6 (75%) 2 (25%) 23 (44.23%) 14.32 ** 

G4 0 (0.00%) 3 (30.00%) 5 (100%) 6 (75%) 2 (25%) 16 (30.77%) 14.96 ** 

Chi-
Square 

8.25 ** 10.63 ** 0.00 NS 8.25 ** 10.73 ** 9.45 ** --- 

** (P<0.01). 

Abbreviations : G1:(nan1+exoS)genes ; G2(nan1+exoU)genes ; G3:(exoS+exoU)genes ;             
                                        G4: (nan1 +exoS+exoU) genes 
 
 In a recent study disagreed with Mitov et al., 
(2010) they found that the frequencies of exoU 
and nan1 were significantly higher among CF and 
non-CF isolates exoU (30.2%) and nan1 (21.3%) 
from 202 strains of  P. aeruginosa. The molecular-
genetic detection of the nan1 gene may be used 
as an indirect measure of CF pulmonary disease 
evolution. (Mitov et al.,2010) .In our study 
difference between virulence genes exoS, exoU 
and nan1 prevalence in the isolates origins was 
statistically high significant under (P < 0.01) as 
explained in (Table 1) burns (14.84), ear 
infections (13.62) and sputum (10.39) and finally 
wounds (8.25) with non-significant for urine 
samples .As well as we got other samples in 
search one for blood; vaginal and CSF samples 
showed positive results for nan1 and exoS genes 
and negative for exoU gene in blood sample only. 
The conflicting results of these studies may be 
due to differences in the number of clinical 
isolates from different sites or due to the isolates 
from patients with different clinical and 
physiological conditions (Feltmanet al., 2001.The 
nan1 geneandother virulence factors studied in 
this research, were  found in Table (3) with high 
percentage for G1 and G3 gene groups with 
(55.77 and 44.23)% for (nan1+exoS) and 

(exoS+exoU)genes respectively followed with G2 
and G4 (30.77%) for (nan1+exoU) and 
(nan1+exoS+exoU) genes. Whereas, and did not 
appear any isolate have nan1 gene only. The 
virulence genes  appeared significantly higher in 
isolates of ,G2(nan1+exoU)  group about (15.37) 
while which equal to prevalence of G1; G3 and G4 
groups approximately (14)% .We conclude from 
our results nan1 gene not essential for virulence 
compared with T3SS exotoxinsexoS and exoU 
may be enhances ability of production effector 
proteins exoS and exoU, especially, exoU. Many 
researchers indicated that Sialidase-mediated 
virulence mechanisms vary and include the 
enhancement of biofilm formation increased 
bacterial adherence to host cells (Barker et al., 
2009).The PAO1 neuraminidase was 1000-fold 
more active than the Clostridium perfringens 
enzyme in releasing sialic acid from respiratory 
epithelial cells. 

CONCLUSION 
Our results recorded high nan1 gene 

percentage compared with only two previous Iraqi 
studies but not essential for virulence compared 
with T3SS exotoxins (exoS and exoU) may be 
enhances ability of production these proteins 
especially, exoU. 
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