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Abstract

One hundred ear swabs were collected from patients attending Hawija
General Hospital, Azadi Teaching Hospital, and outpatient clinics in
Kirkuk Governorate, for ages ranging between 2-45 years, During the
period from October 27, 2022 to January 3,2023. The results showed
that 91(91%)of samples have positive growth on MacConkey , mannitol
and blood agar. While the remaining samples 9 (9%) had no growth.
The samples that showed positive bacterial growth were identified as
139 isolates. The number of Gram positive isolates was 91(65.5%),
while the number of negative isolates was 48 34.5%. The isolates were
identified by routine biochemical tests, and the diagnosis was confirmed
by Vitek2 compact system device. The percentage of isolated bacterial
species were Staphylococcus aureus 34.53%, Staphylococcus epider-
midis 22.30%, Proteus mirabilis 8.63%, Morganella morganii 6.47%,
Enterobacter sakazakii 6.47%, Staphylococcus saprophyticus 4.32%,
E.coli 3.60%, Klebsiella pneumonia 3.60% and each of Kocuria kristinae,
Proteus vulgaris, Comamonas testosterone 2.88%, and Staphylococcus
lentus 1.44%. The results of the sensitivity test to ten types of antibiotics,
namely Amikacin, Ceftazidime, Nitrofurantion, Imipenem, Azithromycin,
Tetracycline, Cefotaxime, Tobramycin, Ofloxacin, Oxacillin, showed
that all isolates were 100% resistant to the antibiotics Cetazidime and
Cefotaxime, while they showed varying resistance to the rest of the
antibiotics. Antibiotics: All isolates showed 100% sensitivity to Anti-
imipenem.

1. Introduction:
Otitis media is an infection of the middle ear cavity

Caused by bacteria, virus or fungi [1]. Bacterial infection is
a term for bacteria that cause diseases when they enter the
body or when they are not in their normal places. Like the
skin disrupt, for example, causing multiple infections until
it reaches the bloodstream, causing a state of ”Septicemia”
that leads to death. The most common species of bacteria that
cause middle ear infections are (Staphylococcus spp, pseu-
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domonas aeruginosa, Proteus spp, Streptococcus spp, Kleb-
siella pneumonia, and Escherichia coli) [2]. The connection
of the middle ear to the upper respiratory system led to its
contamination with pathogens with this system such as bac-
teria, viruses, and others, expose to the external environment
through the tympanic membrane also led to its exposure to
many opportunistic pathogens that cause middle ear infection
[3]. Middle ear infection occurs in children and adults, but its
incidence in children is more than in adults [4]. Some studies
indicated that more than 80% of children suffer from this type
of inflammation in the United States [5]. Early detection of
this disease is very important despite the absence of a reliable
diagnostic test in the early stages of this disease. Inaccurate
diagnosis leads to delayed treatment, misuse of treatment, or
excessive intake, which increases the risk of complications
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and increases resistance to Antibiotics [2].
The sensitivity of all isolates was tested against ten types

of antibiotics, including Amikacin, Ceftazidime, Nitrofuran-
tion, Imipenem, Azithromycin, Tetracycline, Cefotaxime, To-
bramycin, Ofloxacin, Oxacillin, The results of the susceptibil-
ity test showed that all of the studied isolates, gram positive
and gram negative, were 100% resistant to the antibiotics
Ceftazidim and Cefotaxime used in the study, while they
showed variable resistance to the rest of the types of antibi-
otics. All isolates also showed absolute sensitivity to the
antibiotic Imipenem by 100% for all isolates.

This study was aimed to: Isolation and identification of
some of bacterial species that cause otitis media in Kirkuk
governorate and determined its sensitivity to different types
of antibiotics to recommend avoiding the use of antibiotics to
which the isolates under study show multiple resistance.

2. Methods and Materials:
2.1 Sample Collection:

The study Included 100 samples collected from people
attending the ear and nose consultation unit Section Throat
Nose Ear (ENT) at Hawija General Hospital and Azadi Hospi-
tal Educational and outpatient clinics in Kirkuk Governorate
for ages ranging from 2-45 years and for the period from
October 27, 2022 to January 3, 2023, these samples were
taken by rotating the sterile cotton swab inside the middle ear
and placing in the middle ear and then placed in the carrier
medium transport media until transported to the laboratory.

2.2 Isolation and Identification:
Swabs cultured on Blood Agar, MacConkey agar and

Mannitol salt agar, and incubated aerobically at 37°C for 18-
24 hours to observe the growth of bacteria, shape, size, and
the changing in the colour of the medium, etc. A primary
diagnosis based on phenotypic traits [6].

3. Diagnosis:

3.1 Microscopic Examination:
Microscopic examination of bacteria was performed by prepar-
ing a thin smear of the colony using a sterile loop, placing it on
the glass slide containing a drop of sterile distilled water, then
leave it for five minutes at room temperature to dry, and then
heat fixed by passing the glass slide over the flame rapidly
several times, then staining with Gram stain, drying it, and
examining it with an optical microscope under power (100 X)
using an oil lens to observe the shape of bacterial cells, their
aggregation, and their interaction with the dye [7].

3.2 Biochemical Tests:
Biochemical tests for gram positive and gram negative

don according to methods described by [8],[9], [10], [11].

Figure 1. Number and percentages of samples isolated from
patients with otitis media and their percentage.

3.3 Antibiotics Susceptibility:
The sensitivity of bacterial isolates to antibiotics was

tested using Kirby-Baure method, The sensitivity of all iso-
lates was tested towards ten types of antibiotics : Amikacin
10µg, Ceftazidime 30 µg, Nitrofurantion 100µg, Imipenem
10µg, Azithromycin 15µg, Tetracycline 10µg, Cefotaxime
10µg, Tobramycin 10µg, Ofloxacin 5µg, Oxacillin 5µg, ac-
cording to [12].

4. Results and Discussion:
4.1 Isolation:

The results showed that 91(91%) of samples have bacte-
rial growth on Blood agar, Mannitol salt agar, and MacConkey
agar. These results were close to that reported by previous
studies and for each of the researchers,[13], [14] which was
95.5-93% respectively, While the remaining samples 9(9%)
had no growth, as shown in Figure 1, the reason for the lack
of growth may be attributed to the appearance of bacterial
growth until the pathogen is not bacterial. It may be viral,
fungal, or types of anaerobic bacteria or Mycoplasmas that
can be isolated by usual culture methods, or the reason may be
due to doses of antibiotics taken by patients, which have been
proven information about it in the form for injured people
[15].

4.2 Identification:
Bacterial isolates were initially identified based on their

phenotypic characteristics on different culture media, Gram
staining was also used to observe the response of the cells
to the dye, their shapes, sizes, and method of aggregation.
The Gram-negative bacterial species appeared as red to pink-
colored, thin-shaped bacilli under a light microscope and the
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initial diagnosis is based on the shape, color, size and tex-
ture of the colonies, as well as the smell resulting from their
growth, Staphylococcus species appeared as spherical shapes
cluster, and in purple color, on mannitol salt agar medium.
It differentiates from Staph aureus bacteria that appeared its
colonies are large and golden in color due to their ability to fer-
ment the mannitol sugar and the color of the medium changed
from pink to yellow. Due to the presence of neutral red evi-
dence, which distinguishes it from Coagulase negative Staply-
lococci, pink in color, small in shape, not fermenting mannitol,
and from other species that are not fermenting mannitol sugar,
such as Staph. epidermidis and Staph. Saprophyticus [16].

The results of current study agreed with what was reported
by [17], who explained that these bacteria have the ability to
ferment mannitol sugar on mannitol salt medium. As for the
type K. kristinae, it appeared under the microscope in the form
of small and medium-sized cells, and some of these isolates
were arranged in a spherical shape. These colonies appeared
as white, with a colonies are white, whitish or yellowish color,
and some are small, and some are large, smooth, round and
raised on the nutrient agar medium.

4.3 Biochemical Tests:
Biochemical tests were performed to ascertain the genus

of bacteria and based on what was stated by [8], [9], [10]
and [11] as shown in Table 1 and Table 2. The diagnosis was
confirmed using the VITEK2 compact system device.

4.3.1 Biochemical Tests for Gram- Positive Bacteria:
Staph aureus colonies appeared yellow in color because

they fermented mannitol sugar, while other types remained
that did not ferment it, and it were characterized as being pos-
itive for the coagulase test, while other types were negative.

Staph lentus was characterized as being positive for the
oxidase test, while the other species were negative for this
test. All positive species were characterized as positive for
the catalase test.

4.3.2 Biochemical Tests for Gram-Negative Bacteria:
The results of the current study showed that all Gram-

negative bacteria gave a negative result for oxidase test, except
for Comamonas testosterone was positive for oxidase test, and
showed that both E. coli, P. mirabilis was a positive for cata-
lase test, while the species Klebsiella pneumoniae, Proteus
vulgaris, Comamonas testosterone, E. sakazakii, and Mor-
ganella morganii were all positive for catalase test. And the
results showed that E. coli, Morganella morganii and Proteus
vulgaris was a positive for indole test, while the species the
Klebsiella pneumoniae, Proteus mirabilis, Comamonas testos-
terone and E. sakazakii were all negative for Indole test, as
shown in Figure 2.

This study showed that E. coli, P. mirabilis, P. vulgaris
and Morganella morganim gave a positive result, while the
species the Klebsiella pneumoniae, Comamonas testosterone

Figure 2. A: E. coli bacteria that are positive for the indole
test and form a pink ring.

B: P. mirabilis bacteria that are negative for the indole test
and have a yellow or yellow green ring.

and E. sakazakii were all negative for methyl red test, as seen
in Figure 3.

The results also showed that P. mirabilis, Klebsiella
pneumoniae and E. sakazakii was a positive for Voges–Proskauer
test, while E. coli, Morganella morganimm Comamonas testos-
terone and P. vulgaris gave a negative result. And all the
species P. mirabilis, P. vulgaris, Klebsiella pneumoniae and E.
sakazakii appeared positive for Citrate utilization test, while
E. coli, C. testosterone and Morganella morganimm was neg-
ative for citrate test. The results of the current study showed
that all Gram-negative bacteria have ability to move, except
Klebsiella pneumoniae and Morganella morganimm bacteria
was negative for motility test, As shown in Table 2.

4.4 Identification by Vitek-2 Compact System:
The diagnosis of five bacterial isolates was confirmed

using the Vitek-2 compact system, two samples for Staph.
aureus bacteria and two samples for Staph. lentus bacteria and
one sample of theK. kristinae bacteria. The purpose of this
test is to diagnose the bacteria and to confirm the phenotypic
and biochemical tests, as shown on the diagnosis form for the
Vitec device for each sample.

4.5 Percentage Distribution of Bacterial Species Caus-
ing Otitis Media:
Several studies studies confirm that the most common

bacteria isolated from festering middle ear infections are: E.
coli, Staph. aureus, Proteus spp., Ps. aeruginosa, Klebsiella
spp., The types of isolated bacteria may vary depending on
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Table 1. Shows the results of bacterial test of Gram- positive bacteria which indicate to the species of the identified bacteria.

Tests TSI Oxidase Catalase Coagulase
Mannitol

fermentation
Novobiocin
antibiotic

Bacterial species Gas H2S

Staph. aureus
K/
A + - - + + + S

Staph. lentus
K/
A - - + + - - S

Staph. epidermidis
K/
A - - - + - - S

Staph. saprophyticus
A
A - - - + - - R

Kocuria kristinae
A
A - - - + - ..... .....

Table 2. SShows the results of bacterial test of Gram- negative bacteria which indicate to the species of the identified bacteria.

Tests
Gram
stain Oxidase Catalase

Indol
test

Methyl
red
test

Motility
TSI /
H2S

Citrate
utilization

test

Voges-
Proskauer

test

———————————–
Bacterial species

Escherichia coli - - + + + + A A- - -

Proteus mirabilis - - + - + + A A+ + +

Morganella morganii - - + + + - K A- - -

Enterobacter sakazakii - - + - - + A A- + +

Klebsiella pneumonia - - + - - - A A- + +

Proteus vulgaris - - + + + + K A+ + -

Comamonas testosterone - + + - - + K K- - -

the geographical region, season, age, and number of samples
isolated.

4.6 Testing the Sensitivity of Gram-negative and
Positive Bacteria to Antibiotics:
A test was conducted for the sensitivity of 139 Gram-

positive and Gram-negative bacteria isolates to 10 different
types of antibiotics, by measuring the diameter of the inhibi-
tion zone and comparing it with standard diameters. These
antibiotics are: AK, CAZ, F, IMP, AZM, TE, CTX, TOB,
OFX, OX, as shown in Table 4.

The results of the current study showed that Staph.
aureus bacteria was sensitive to the antibiotics: Imipenem
100%, Ofloxacin 54.17%, Tobramycin 54.17%, and resis-
tant to the antibiotics Cefotaxime 100%, Ceftazidime 100%,

Amikacin 77.08%, Oxacillin 77.08%, Azithromycin 68.7%,
Tetracycline 60.42%, Nitrofurantion 60.42% [18]. As indi-
cated in Table 4 and Figure 4, these results were close to the
study conducted by [19] in which there results appeared that
Staph. aureus was 82.9% resistant to ceftazidime and 89.5%
sensitive to imipenem, as in Figure 4.

The results of the current study showed that E. coli
bacteria were 100% sensitive to Imipenem, and resistant to
Amikacin 100%, Nitrofurantion 100%, Cefotaxime 100%,
Oxacillin 100%, Tetracycline 100%, Ceftazidime 100%, To-
bramycin 100%, Azithromycin 80%, Ofloxacin 60%. These
results are completely consistent with a study conducted in
Bangladesh by [20], who showed that E. coli bacteria are
100% sensitive to the antibiotic Imipenem. As for the antibi-
otic Ceftazidime, the current results differed from the results
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Figure 3. A: P. mirabilis was positive for methyl red test by
appearance of red color.

B: K. pneumonia was negative for the methyl red test it didn’t
changing the color of the MR−V Pmedium.

of the study of [21], as the resistance rate of these bacteria to
it was 60%. The current results converged with the results of
the study conducted by [22], where the rate of resistance of
E. coli bacteria to Tobramycin was 89.6%. The results of this
study differed from the study conducted by [23], in which the
resistance of E. coli bacteria to Tobramycin was recorded at a
rate of 75%, as in Figure 5.

And showed results for Staph. epidermidis bac-
teria was 96.77% sensitive to Imipenem, and resistant to
Cefotaxime 100%, Ceftazidime 100%, Tobramycin 93.5%,
Amikacin 93.5%, Tetracycline 93.5%, Nitrofurantion 71%,
Oxacillin 71%, Ofloxacin 67.7%, Azithromycin 58%, these
results matched with the results of the study of [24]] regarding
the antibiotic Imipenem in that it was 100% sensitive to it,
and it differed with the same study regarding the antibiotic
Ceftazidime in that it was 60% sensitive to it. These results
were consistent with a study conducted by [22], which showed
that the resistance rate of Staph. epidermidis isolates for To-
bramycin antibiotic is 100%, and Staph. saprophyticus was
sensitive to Imipenem 96.77%, and resistant to Cefotaxime
100%, Ceftazidime 100%, Tobramycin 93.5%, Amikacin
93.5%, Tetracycline 93.5%, Nitrofurantion 71%, Oxacillin
71%, Ofloxacin 67.7%, Azithromycin 58%, this results were
close for the antibiotic Azithromycin, with the results of [25],
they recorded a resistance rate of 50%, while the results for
the antibiotics Oxacillin, Tobramycin, and Ofloxacin differed
with the results of the same researchers, who stated that they
were resistant to the first by 25% and sensitive to the second
and third by 100%, this may be the reason for resistance to
antibiotics by Gram-positive bacteria such as Staph. aureus
and Staph. epidermidis is produced by B-lactamase enzymes,
or the cause may be due to the occurrence of a mutation [26],
or it may be Sometimes the reason is due to the type of antibi-

Table 3. Represents the percentages of the types of bacteria
isolated under study from otitis media.

Bacterial species Isolate numbers percentage

Staph. aureus 48 34.53%

Staph. epidermidis 31 22.30%

Proteus mirabilis 12 8.63%

Morganella morganii 9 6.47%

Enterobacter sakazakii 9 6.47%

Staph. saprophyticus 6 4.32%

E.coli 5 3.60%

Klebsiella pneumonia 5 3.60%

Kocuria kristinae 4 2.88%

Proteus vulgaris 4 2.88%

Comamonas testosterone 4 2.88%

Staph. lentus 2 1.44%

Total 139 100%

otic used or the use of small doses with low concentrations for
the purpose of treating bacterial infections, as it prevents the
growth of bacteria sensitive to these concentrations, but leaves
a small number of them to grow and become more resistant
[27].

Resistance to the antibiotics Oxacillin and Ofloxacin arises
as a result of a change in the affinity of the antigen with the
target, either as a result of mutations or the cause may be the
efflux pump or the acquisition of genes that confer resistance
[28].

While the results differed with the study of the researcher
[29], he stated that the rate of resistance to the antibiotic
Cefotaxime was 76% - 26.7%, respectively. The results
showed that P. mirabilis bacteria were sensitive to the an-
tibiotics Imipenem 100% and Ofloxacin 58.33%, and re-
sistant to the antibiotics: Cefotaxime 100%, Ceftazidime
100%, Tobramycin 100%, Oxacillin100%, Tetracycline 100%,
Azithromycin 91.67%, Amikacin 91.67%, Nitrofurantion 91.67%.
Our results agreed with the study of researchers [30] as they
showed that the sensitivity of P. mirabilis bacteria to the an-
tibiotic Imipenem was 97.2%, and the results differed with
the study Researchers [31], [32] reported that the resistance
rate of isolates of these bacteria to Imipenem was 16.2% -
15%, respectively. The reason for the resistance of some bac-
terial genera and species to many antibiotics, especially the
species of the Enterobacter family of Gram-negative bacte-
ria, K. pneumonia, P. mirabilis, and E. coli, is due to several
reasons, including the production of enzymes that destroy the
beta-lactam ring present in the composition of antibiotics be-
longing to the group Beta-lactams [33], or their possession of
a capsule, or their possession of efflux pumps, or their forma-
tion of a biofilm substance that surrounds colonies of bacterial
cells, providing them with a type of protection that greatly
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Figure 4. Susceptibility of S. aureus to antibiotics OX(1) AK(2) OFX(3) CAZ(4) TE(5) F(6) AZM(7) IPM(8) CTX(9) TOB(10)

Figure 5. Susceptibility of E. coli to antibiotics OX(1) AK(2) OFX(3) CAZ(4) TE(5) F(6) AZM(7) IPM(8) CTX(9) TOB(10)
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Table 4. Represents the percentages of the types of bacteria isolated under study from otitis media.

Bacterial species Total No. AK F OFX IPM OX TE AZM CAZ CTX TOB

No. % No. % No. % No. % No. % No. % No. % No. % No. % No %

Staph. aureus 48 37 77,1 29 60,4 22 45,5 0 0 37 77,1 29 60,4 33 68,7 48 100 48 100 22 45,5

Staph. epidermidis 31 29 93,5 22 71 21 67,7 1 3,23 22 71 29 93,5 18 58 31 100 31 100 29 93,5

P. mirabilis 12 11 91,6 11 91.6 5 41.6 0 0 12 100 12 100 11 91.6 12 100 12 100 12 100

M. morganii 9 9 100 9 100 7 77.8 0 0 9 100 9 100 8 88.8 9 100 9 100 9 100

E. sakazakii 9 9 100 9 100 8 88.8 0 0 9 100 9 100 7 77.7 9 100 9 100 9 100

Staph. saprophyticus 6 3 50 4 66.7 3 50 0 0 4 66.7 4 66.7 5 83.4 6 100 6 100 4 66.7

E. coli 5 5 100 5 100 3 60 0 0 5 100 5 100 4 80 5 100 5 100 5 100

K. pneumonia 5 5 100 5 100 3 50 0 0 5 100 5 100 5 100 5 100 5 100 5 100

K. kristinae 4 4 100 4 100 4 100 0 0 4 100 4 100 4 100 4 100 4 100 4 100

P. vulgaris 4 4 100 4 100 3 75 0 0 4 100 4 100 3 75 4 100 4 100 4 100

C. testosteroni 4 4 100 4 100 3 75 0 0 4 100 4 100 3 75 4 100 4 100 4 100

Staph. lentus 2 0 0 2 100 0 0 0 0 2 100 0 0 0 0 2 100 2 100 0 0

hinders and prevents antibiotics from reaching the bacterial
cell [34], and that the excessive use of antibiotics has led to
an increasing rate of the development of resistance to them
and its spread throughout the world, and that when bacteria
coexisting in the human and animal bodies are exposed to an-
tibiotics, they will also develop resistance to these antibiotics,
and worse than that, bacteria that are resistant to antibiotics It
can spread to other people and the environment[35], [36].

5. Conclusions:
It is concluded from the study as follows:
1- The infection of the middle ear is more common in male
than female. It is estimated that the number of infected males
in our study is 51 isolation in the rate of 51%, while, in females
is 49 isolation in the rate of 49%.
2- Kinds of bacteria gram-positive to stained fumarate of
greater isolation in the inflammation of the middle ear in
account of 91 isolation in the rate of 65.5%, while, another
Kinds of gram-negative to stained is about 48 isolations at
rate 34.5%.
3- It is estimated that isolations of bacteria staph. aureus 48
isolation in the rate 34.53%, it was the greater rate in the in-
volved positive Kinds, while, the greater rate of bacteria Kind
gram-negative to Stained isolation, it was bacteria proteus
mirabilis in the number of isolation is 12 in the rate 8.63%.
4- All isolations in the field of study show the absolute Sensi-
tivity to anti-biotic (imipenem), while, some isolations from
staph. aureus and proteus mirabilis show various sensitivity to
anti-biotics ofloxacin and tobramycin. Thus, all isolations are
distinguished by absolute resistance to anti-biotic ceftazidime
and cefotaxime.
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