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Abstract: The leading microorganism of chronic otitis media is P. aeruginosa and the most
powerful exotoxin of P. aeruginosais exotoxin Athat responsible for the cytopathic effect on the
host tissues. This study aimed to determine the percentage of toxA gene occurrences on
chromosome of the otitis media most prevalentcausative agent, P. aeruginosa, study the effect of
simple salts-based synthetic medium on the production of exotoxin A and evaluate the effect of
produced exotoxin A amounts on mice vital organs. The results showed thatP. aeruginosa is
predominant in otitis media as compared with the others. Furthermore, exotoxin A gene is found
on all tested P. aeruginosa isolates. Therefore, all toxA positive P. aeruginosa isolates were
subjected to produce exotoxin A by the cultivation of them on simple synthetic media(with trace
iron and omitting the glutamate)and quantification of the exotoxin A by ELISA technique.
Pseudomonas aeruginosa isolates were varied in exotoxin A production and were ranged from 78
to 1380 pg/ml. Injection ofpure exotoxin A at low doses within the produced values to mice
showed histopathological lesions of mice vital organs; these lesions increase with increasing the
injected dose.As a conclusion, P. aeruginosa is still in the front of otitis media pathogens and
toxA gene is predominant on their chromosomes. Even in poor nutrition conditions and the
presence of trace amounts of iron, P. aeruginosa isolates are still able to grow and produce
exotoxin A at amounts can exert its harmful effect on mice vital organs.
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1-Introduction

Inflammation of themiddle ear, otitis media, is the frequenttype of ear infection worldwide
(1). The most predominated Gram-negative organisms of otitis arePseudomonas sp. followed by
Klebsiellasp., Proteus sp., E. coli,andS. Aureus (2,3). Acute upper respiratory tract infections may
extend from the nasopharynx to the middle ear causing acute otitis media. Chronic otitis media,
the other type of ear infection, usually caused byPseudomonas aeruginosa, and Staphylococcus
aureus(3.,4).Pseudomonas aeruginosais also caused malignant otitis externa that common in
patients with immunosuppression or diabetes (5).

Exotoxin A (ETA), P. aeruginosa product, is extracellulartoxinencodesbythe chromosomaltox4
gene. The toxin is an ADP- ribosyl transferase that inhibitseukaryotic cell protein synthesis, cell
death will occur as a consequence(6) .There are differences inkilling due to steps after the ADP-
ribosylation of EF2. Moreover, exotoxin A increase mitochondrialpermeability, ultimately,
leading to the cell death(7).The apoptosisinduces by exotoxin A depend on the dose of exotoxin
A received by the cell.Exotoxin A production needs some conditions, iron-limiting growth
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conditions at special media. The toxAgene is regulated at the transcriptional level by the regdB
operon gene products. The expression of both fox4 and regAB is repressed under the iron-
abundantenvironment(8).The recent work aimed todetermine the percentage of foxA gene
occurrences on chromosome of the otitis media most prevalentcausative agent, P. aeruginosa,
and to study the effect of simple salts-based synthetic medium on the production of exotoxin A.

2-materials and methods

2.1. Samples collection and bacterial identification

Ear swabs were obtained from 50 individuals complaining of symptoms of otitis media. Patient’s
age ranging from several months to 80 years, 25 females and 25 males. Ear swabs were collected
in the period from January to April 2017 from Al-Kadhymia teaching hospital-Baghdad. Ear
swabs were inoculated ordinary media. All obtained isolates were identified initially using
biochemical tests according to Forbes et al (9).

2.2. Molecular identification of P. aeruginosa isolates

Chromosomal DNA of biochemically identified P. aeruginosa isolateswas extracted using
commercially available DNA extraction kit (Promega-USA).To confirm the identification of P.
aeruginosa isolates, PCR technique was performed using 16STRNA gene (rpsL) specific primes
set. The sequence of 16STRNA geneforward primer was 5'-GCAACTATCAACCAGCTGGTG-
3" whilst the reverse is 5-GCTGTGCTCTTGCAGGTTGTG-3". The amplification steps
comprising 35 cyclesof denaturation at95°C for 30 seconds, annealing at 57°C for 10 seconds and
extension at 72°C for 25 seconds. Oligonucleotide primers of 16STRNA gene wereadapted from
Lianes et al and Xavieret al (10,11).

2.3. tox A gene detection

To ensure that foxA4 gene is present on the chromosome of P. aeruginosa isolates before exotoxin
A been produced by synthetic medium, the tox4 gene was detected via PCR using specific
primers set, forward primer 5-GTGCGCTACAGCTACACG-3" and the reverse primer,5’-
CTTGCCTTCCCAGGTATC-3" (3,12). The rpsL andfoxA genes amplification were performed
using Go — Taq green master mix kit (Promega-USA). The cycling protocol of toxA gene
amplification 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’. Chromosomal DNA and
PCR products were electrophoresed on agarose gel at concentrations of 1% and 1.5%,
respectively(13).

2.4. synthesis of simple medium

Simple synthetic culture media were prepared according to Debell (14), with a major
modification represented by omitting of amino acidsand one of the salts and replacing the FeCl3
in the original paper by FeSO4. The following salts: 0.0427 M NaCl, 0.0335 M KCl, 0.0014 M
Na2HPO4, 0.000415 M MgS0O4, 0.000025 M MnCl2.4H20,and0.000001M FeSO4 were
dissolved in one liter of distilled water;the pH was adjusted to 7.5then the medium was sterilized
by autoclaving. Aliquots of 5ml of the media were made and inoculated with the test bacteria then
incubated with shaking at 37°C for 20 hours in a shaker incubator.
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2.5.Quantification of exotoxin Aproduction

Produced exotoxin A was quantified by ELISA techniqueusing standard curve methodutilizing
commercially available kit (Cusabio-biotic-USA)and according to manufacturer instructions. The
optical density was determined of each well, using a microtiter plate reader (BioTek
instrument,Inc.USA) set to 450 nm.

2.6. In vivo histopathological experiment

Five groups of Bagg Albino laboratory breed (BALB/c) white males mice aged20 weeks each
group consisting of 5 mice were obtained from Al-Kadhymiah center of infertility/ Baghdad.Pure
exotoxin A (Cusabio biotech - USA) was twofold diluted and injected intraperitoneally into the
five groups. Each group receives anexotoxin A dose differ from each other. The first group
injected with 100 pg while the second receive 200pg, third and fourth injected with 300 pg and
400 pg respectively. The fifth group injected with normal saline intraperitoneally and considers as
a negative control. Seventy-two hours later, the 5 groups were killed and fourvital organs were
isolated (heart, lung, spleen,and liver) from each animal, histopathological sections were
prepared, stained with hematoxylin and eosin stain and examined at 40X power(15).

3. Result

3.1. Samples collection and bacterial identification

Ear swabs culture gave 41 bacterial isolates, 23(56.1%) was belong to P. aeruginosa. The rest
percentage belonged other types of bacteria, Staphylococcus aureus (29.3%), E. coli(4.9%),
Proteus spp. (4.9%), Enterobacter spp. (2.4%)and Streptococcus pneumoniae(2.4%)as shown in
the table(1).

Table 1: Aerobic bacterial causative agents of otitis media.

Bacteria No. Percentage (%)
Pseudomonas aeruginosa 23 56.1
Staphylococcusaureus 12 29.3
E. coli 2 4.9
Proteus spp 2 4.9
Enterobacter spp 1 2.4
Streptococcus pneumoniae 1 2.4
Total 41 100

3.2. Molecular identification of P. aeruginosa isolates

The extracted DNA of P. aeruginosa was fairly pure preparation with satisfied concentration
(data not shown). Amplification of rpsL gene revealed 201bp amplicon confirming by that P.
aeruginosa identification (Figure 1).
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3.3. toxA gene detection

All of P. aeruginosa isolates 23(100%) possess chromosomal tox4Agene when amplified by PCR
technique. Figure (2) show agarose gel electrophoretogram of rpsL (201bp) and toxA (417bp)
PCR products, respectively. As shown in figure (2), the lanes reveal the band of interest, foxA
(417bp).

3.4. Quantification of exotoxin Aproduction

All toxA positiveP. aeruginosa isolates were subjected to produce exotoxin A by the
cultivation of them on simple synthetic media and quantification of the exotoxin A by ELISA
technique. Pseudomonas aeruginosa isolates were varied in exotoxin A production and were
ranged from 78 to 1380 pg/ml (figure 3).

negative
control 2

ladder q:

Figure 1: Agarose gel electrophoretogram of rpsL PCR products.

First lane:100bp DNA ladder. Lanes land 2: rpsLgene amplicon (201bp) and a lane of negative
control in the middle. Electrophoresis was carried out in 1.5% agarose gel at (7V/cm) for 90
minutes.

Figure 2: Agarose gel electrophoretogram of fox4 PCR products.
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Lane 1:100bp DNA ladder. Lanes 2and 3: tox4 gene amplicon (417bp). Electrophoresis was
carried out in 1.5% agarose gel at (7V/cm) for 90 minutes.
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Figure 3: concentration of exotoxin A in the supernatant of Pseudomonas aeruginosa
inoculated simple synthetic media.

3.5. In vivo histopathological study

The observed lesions of liver tissue include hepatocytes necrosis, blood vessels congestion,
infiltration of kuffer cell and ballooning degeneration of hepatocytes. The lesions were severe in
the liver of mice group injected with 400pg, especially blood vessels congestion (figure 4).
Micelungsreveal some histopathological lesions represented by alveolar walls thickening,
infiltration of plasma cells and lymphocytes as well as mucin accumulation in the lumen of
alveoli, blood vessels congestion.The severity of these lesionsis increased with the increaseof the
injectedamount of the exotoxin A especially blood vessels congestion and alveolar walls
thickening (figure 5).

Regarding spleen lesions, degeneration of splenocytes, white pulp enlargement, infiltration of
phagocytes cell, and congestion and hyperplasia of blood vessels were observed. The spleen of
mice injected with 300 and 400 pg reveal obvious enlargement of white pulp(figure 6).Heart
histopathological lesions include congestion of blood vessels especially of the hearts of mice
injected with 400pg, cardiac cells necrosis and degeneration and inflammatory cells infiltration
(figure 7).
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Figure 4: Histopathological sections of mice liver

Sections 1, 2, 3 and 4 liver histopathological sections of mice injected with 100, 200,300 and
400pg respectively. C is controlnegative liver.Blood vessels congestion of section 4 (thin black
arrow), degeneration and necrosis of hepatocytes is in section 3 (thin black arrow), kuffer cell
infiltration is in sections 1, 2 (thin black arrow) and 4 (thick white arrow).
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Figure 5: Histopathological sections of mice lung

Sections 1, 2, 3 and 4 lung histopathological sections of mice injected with 100, 200, 300 and
400pg respectively, C is controlnegative lung tissue. There is a thickening in alveolar walls (white
arrows in all sections). Mucin accumulation in the alveoli is in sections 1, 2, and 3 (black
arrows); blood vessels congestion is in section 4 (black arrow). The lesions are increased with
increasing of the injected exotoxin A.
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Figure 6: Histopathological sections of mice spleen
Sections 1, 2, 3 and 4 spleen histopathological sections of mice injected with 100, 200, 300 and

400pg respectively. C is controlnegative spleen. Enlargement of white pulp appeared in sections 3
and 4 (arrows).
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Figure 7: Histopathological sections of mice heart

Sections 1, 2, 3 and 4 heart histopathological sections of mice injected with 100, 200, 300 and
400pg respectively. C is controlnegative heart. Blood vessel congestion in section 4 (arrow) and
degenerative changes are in section 2 (arrow).

4. Discussion

Pseudomonas aeruginosa 1is still in the front of otitis media pathogens especially in chronic
infection cases in all ages of the current study and it is not far from the results obtained by other
studies(16,17,18). The pathogenicity and severity of P. aeruginosa infection arerelated to
excreting its own toxins and other harmful products (19). The most powerful exotoxinof P.
aeruginosais exotoxin A(20,21).A high percentage of clinical P. aeruginosaisolates carry toxA
gene on their chromosome the percentage may reach to 100% (3)as reported here.
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Previously some observations were reported as P. aeruginosa can grow and multiplies in
unsympathetic conditions like disinfectants (22,23)but whether or not it is able to produce its
extracellular toxin in such condition is still mysterious. The mainaspect in P. aeruginosa
distinction as a pathogen is its intrinsic resistance to antibioticsand disinfectants.Furthermore, the
complete genome sequence of P. aeruginosa highlights the adaptability and intrinsic
antibiotics and disinfectants resistance of P. aeruginosa (22). The simple salts-based media of
this study has proved to not only encourageP. aeruginosa to grow but also to induce exotoxin A
production.Pseudomonas aeruginosa isolates were varied in exotoxin A production, this may be
due to individual variation in gene expression (24). Despite the simplicity of the medium by
which the exotoxin A was produced, P. aeruginosa isolates still produce relatively good amounts
of exotoxin A. This presumably explain the virulence of P. aeruginosa even in poor nutrition
environment.Even in presence of trace amount of iron, that well known asan inhibitor of exotoxin
A production, and omitting of glutamate that enhances the exotoxin A production(25),P.
aeruginosa isolates still produce exotoxin A. Moreover, exotoxin A at these low concentrations
can induce histopathological lesions in the mice vital organs and these effects increase with the
increasing of exotoxin A concentration.From this point of view,P. aeruginosa isolates are able to
produce exotoxin Aat amounts that can exert its harmful effect on vital organ tissues.Hence
exotoxin A affect internal vital organs at low concentration reached 100picograms as proved by
this studyto few micrograms as reported previously (26,27).

As a conclusion,Pseudomonas aeruginosa is still in the front of otitis media pathogens and
toxA gene is predominant on their chromosomes. Even in poor nutrition conditions and the
presence of trace amounts of iron, P. aeruginosa isolates are still able to grow and produce
exotoxin A at amounts can exert its harmful effect on mice vital organs.
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