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A b s t r a c t 

Exotoxin A (ETA) is a powerful chromosomal extracellular virulence factor 

produced by most of clinical P. aeruginosa isolates. Aims of this study is that, 

identification of aerobic acute and chronic causative agents of otitis media 

and test whether the chromosomal toxA gene can be used as marker for rapid 

identification of Pseudomonas aeruginosa. Ear swabs were taken from 49 

patients complaining of symptoms of otitis. Patient’s age ranging from 6 

months to 85 years, 25 males and 24 females. Ear swabs were collected in 

period from January to April 2010. Bacterial causative agents were identified. 

Chromosomal DNA of Pseudomonas aeruginosa isolates was extracted and 

subjected to PCR to amplify toxA gene. Staphylococcus aureus and 

Streptococcus pneumonaie were the bacterial causative agents of acute otitis 

media while P. aeruginosa and S. aureus were predominant in chronic otitis 

media. E. coli and Proteus spp. and Enterobacter spp were also identified. 

Amplification of toxA showed that 23(100%) of P. aeruginosa isolates were 

positive and were chromosomal encoded. As a conclusion, Staphylococcus 

aureus and Streptococcus pneumonaie were predominant bacterial causative 

agents of acute otitis media while P. aeruginosa and S. aureus were 

predominant ones in chronic otitis media. P. aeruginosa Exotoxin A is a 

chromosomal encoded feature and can be used as a marker in identification of 

P. aeruginosa isolates by molecular methods. 

 
Introduction 

Otitis media is inflammation of the lining of the middle ear and one of the most common infections in 

childhood (Springhouse, 2005). Gram-negative organisms are predominant (Oyeleke, 2009). In acute 

otitis media, it commonly develops in association with an infection of the upper respiratory tract that 

extends from the nasopharynx to the middle ear through the eustachian tube (Springhouse, 2005). The 

principal organisms isolated from patients with chronic otitis media are Pseudomonas aeruginosa, and 

Staphylococcus aureus (Ghosh et al., 2002; Ghosh, 2006). 

Exotoxin A (ETA) is considered one of the most powerful extracellular virulence factors 

produced by P. aeruginosa. The 68 kDa ETA protein, encoded by toxA, is an ADP- ribosyl transferase 

that irreversibly inhibits protein synthesis in eukaryotic cells causing cell death (Todar, 2008). 

Pseudomonas Exotoxin A is a bacterial toxin that arrests protein synthesis and induced a rapid and 

dose-dependent induction of apoptosis. Exotoxin A cause mitochondrial permeability, and there is 

differences in killing were due to steps after the ADP-ribosylation of EF2 (Du et al., 2010). 
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Patients, Materials and Methods 

Ear swabs were taken from 49 patients complaining of symptoms of otitis. Patient’s age ranging from 

6 months to 85 years, 25 males and 24 females. Ear swabs were collected in period from January to 

April 2010. Ear swabs were inoculated on blood, chocolate and MacConkey agar plates. All obtained 

isolates were identified using biochemical tests and according to Forbes et al. (2002). 

Chromosomal DNA was extracted from all isolates using commercially available DNA 

extraction kit (Promega-USA). Chromosomal and PCR products DNA were resolved by horizontal 

agarose gel electrophoresis. Agarose at concentrations of 1.5% and 1% was prepared for PCR 

products and chromosomal DNA electrophoresis, respectively (Sambrook & Russell, 2001). 

The occurrence of toxA gene of exotoxin A was detected on the chromosomes of P. aeruginosa 

via PCR procedure using oligonucleotide primers (Palka-Santini et al., 2009). Table 1 shows the 

sequence and molecular weight of PCR products of toxA gene. 

 

Table 1: Oligonucleotide primer sequence and amplicon size of  toxA gene of P. aeruginosa . 

gene Sequence of forward Primer  Sequence of reverse primer  Product 

toxA 5΄-GTGCGCTACA 

GCTACACG-3΄ 

5΄-CTTGCCTTC 

CCAGGTATC-3΄ 

417bp 

 

Go–Taq green master mix kit (Promega-USA) was used for toxA gene amplification. In an 

Eppendorf reaction tube, 25 µl master mix was prepared for each test. A master mix contained the 

following components (according to the manufacturer instruction): 12.5 µl of Go-Taq green master 

mix, 1.5 µl of each primer (10µM each), 8.5 µl of nuclease free distilled water and 1µl of DNA 

template (20µg). The cycling was performed using protocol comprising an initial denaturing step at 

94°C for 3 minutes, followed by 32 cycles of 94°C for 30 seconds, 57°C for 45 seconds and 72°C for 

1 minute (Palka-Santini et al., 2009). 

 

Result  

Table 2: Aerobic bacterial causative agents of acute otitis media. 

Bacteria No. Percentage (%) 

Staphylococuccus auerus 1 8.33 

Streptococcus pneumoniae 1 8.33 

No growth 10 83.34 

Total 12 100 

 

Out of 49 patients, 12 patients were diagnosed with acute upper respiratory tract infections and 37 of 

them were suffering from chronic otitis media. Only 2 ear swabs out of 12 the patients with acute 

upper respiratory tract infections showed growth of Staphylococcus aureus and Streptococcus 
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pneumonaie. The rest, 10 cases, showed no bacterial growth (Table 2). Culture of ear swabs taken 

from patients with chronic otitis media showed that 23 isolates were P. aeruginosa, 11 were S. 

aureus, two for each E. coli and Proteus spp. and one Enterobacter spp. Some of swabs showed 

growth of more than one causative agent (Table 3). 

 

Table 3: Aerobic bacterial causative agents of chronic otitis media. 

Bacteria No. Percentage (%) 

Pseudomonas aeruginosa 23 59 

Staphylococuccus auerus 11 28.2 

E. coli 2 5.12 

Proteus spp 2 5.12 

Enterobacter spp 1 2.56 

Total 39 100 

 

Chromosomal DNA was extracted from P. aeruginosa and electrophoresed, Figure 1 shows 

agarose gel electrophoreticogram of chromosomal DNA extracted from P. aeruginosa isolates. On the 

left 1000pb molecular marker, other bands represent the chromosomal DNA of P. aeruginosa isolates. 

Electrophoresis was carried out in 1% agarose gel supplied with Ethidium bromide at (5V/cm) for 60 

minutes. The number of P. aeruginosa isolates that show positive chromosomal toxA gene were 

23(100%), while negative result was 0 (0%) in Table 4. 

 

 

Figure 1: Agarose gel electrophoreticogram of chromosomal DNA 
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Table 4: Numbers and percentages of occurrence of  toxA gene on chromosomes of  Pseudomonas 

aeruginosa isolates. 

Gene No. of positive 

isolates 

% of positive 

isolates 

No. of negative 

isolates 

% of negative 

isolates 

toxA 23 100 0 0 

 

Figure 2 shows agarose gel electrophoreticogram of toxA (417bp) PCR products (amplicons). As 

shown in this figure, all lanes reveal the band of interest. Lane 1:100bp DNA ladder. Lanes 2-5: toxA 

gene amplicon (417bp). Electrophoresis was carried out in 1.5% agarose gel supplied with Ethidium 

bromide at (7V/cm) for 90 minutes. 

 

 

Figure 2: Agarose gel electrophoreticogram of toxA PCR products. 

 

Discussion 

The results of identification of otitis media causative agents are agree with other researchers’ finding, 

hence they found that the causes of acute otitis media include infection with a cold virus or influenza 

virus or infection with the bacteria Streptococcus pneumoniae (Springhouse, 2005) 
. These finding 

explain the negative results in most of the acute otitis media in this study. Other researchers mention 

the same finding when he separates the causative agents of both acute and chronic otitis media. The 

researcher found that, the organisms often isolated in cases of acute otitis media as causative 

http://www.britannica.com/EBchecked/topic/287819/influenza-virus
http://www.britannica.com/EBchecked/topic/287819/influenza-virus
http://www.britannica.com/EBchecked/topic/287819/influenza-virus
http://www.britannica.com/EBchecked/topic/465467/pneumococcus
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organisms are: Haemolytic streptococci, Staphylococci, Heamophilus or Pneunococci while Gram 

negative bacilli are commonly associated with chronic otitis media particularly Pseudomonas and 

Proteus sp (Oyeleke, 2009). 

Pseudomonas aeruginosa was predominant among causative agents of chronic otitis media in 

this study and all of them possess exotoxin A determinants are located on the chromosome. Product of 

this gene causes extensive tissue damage (Hirakata et al., 2002; Gaines et al., 2007). 

As the identity of the bacteria is very crucial in the treatment, a rapid method to identify the 

bacteria is desired. The molecular technique for detection of exotoxin A using PCR has been 

evaluated for identification of this bacteria and shortened the time of identification to less than four 

hours (Song et al., 2000; Xu
 
et al., 2004) and because of that toxA gene is a common gene in P. 

aeruginosa, this gene can be used as marker to identify this type of bacteria by molecular techniques 

as described previously (Gaines et al., 2007).  

 

Conclusion 

Staphylococcus aureus and Streptococcus pneumonaie were predominant bacterial causative agents of 

acute otitis media while P. aeruginosa and S. aureus were predominant ones in chronic otitis media.  

P.aeruginosa exotoxin A is a chromosomal encoded feature and can be used as a marker in 

identification of P. aeruginosa isolates by molecular methods. 
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