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Abstract  

   A total of 35 bacterial isolates were collected from Al-Kadhimiya Teaching Hospital 

between December 2015 and March 2016, sourced from various clinical cases. The isolates 

were cultured on blood and MacConkey media to facilitate bacterial isolation and identification, 

, which were further confirmed using microscopic and biochemical tests.Eight bacterial genera 

were identified with diferent numbers of isolates: Pseudomonas aeruginosa (6 isolates), 

Enterobacter sp. (6 isolates), Acinetobacter baumannii (2 isolates), Staphylococcus aureus (7 

isolates), Staphylococcus epidermidis (1 isolate), and Escherichia coli (8 isolates). Escherichia 

coli type1 (1 isolate) Klebsiella pneumoniae (4 isolate). Antibiotic resistance testing revealed 

significant resistance among the isolates, with all exhibiting resistance to Carbenicillin and 

Cloxacillin. Notably, only one isolate demonstrated resistance to Imipenem, which was the most 

effective antibiotic in this study. Biofilm formation, a critical factor contributing to bacterial 

pathogenicity and resistance to host defenses and antibiotics, was also evaluated using the 

Congo Red agar test. All isolates of Klebsiella pneumoniae and Enterobacter sp., also, 6 of the 7 

isolates of Staphylococcus aureus, and, 5 of the 8 isolates of Escherichia coli demonstrated 

positive biofilm formation. 
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 للأهراض الوسببت البكتيريت العزلاث لبعط الحيويت الأغشيت عن حريالت

 افراح عبذ الرظا عجيل
 العراق -بغذاد/  حياةال علوم قسن - العلوم تكلي /الوستنصريت جاهعتال

 الخلاصت

 حالاث يٍ( 0216 اراس -2015  خلال انفخشة )كاَىٌ اول انخؼهًًٍ انكاظًٍت يسخشفى يٍ بكخٍشٌت ػضنت 53 جًؼج    

 ، انبكخٍشٌا وحشخٍص ػضل حسهٍم نغشض MacConkey ووسظ انذو اوساط ػهى انؼضلاث صسػج. يخُىػت يشضٍت

 يٍ ػذد ضًج بكخٍشٌت أجُاط ٍتثًاَ حذدث. انحٍىٌت وانكًٍٍائٍت انًٍكشوسكىبٍت الاخخباساث باسخخذاو فحىصاثان واسخكًهج

  ػضلاث(، و 6)  .Enterobacter spو ،(ػضلاث 6)   Pseudomonas aeruginosa وهً انؼضلاث

Acinetobacter baumannii ػضنخٍٍ(، و( Staphylococcus aureus (7 و ،)ػضلاث         Staphylococcus 

epidermidis   ،)(8  و )ػضنت واحذة Escherichia coli. و (ثػضلا Escherichia coli type 1 ( )وػضنت واحذة  

Klebsiella pneumoniae (4 ػضلاث ) . بٍٍ يهحىظت يقاويت انحٍىٌت انًضاداث يقاويت اخخباساث َخائج أظهشث 

 أظهشث فقظ واحذة ػضنت وأٌ . Cloxacillin و   Carbenicillin ٌٍنهًضاد يقاويت جًٍؼها أظهشث حٍث انؼضلاث،

 َظشًا انحٍىٌت، الأغشٍت حكىٌٍ ػهى انؼضلاث قذسة  دسسج .انذساست فً فؼانٍت الأكثش كاٌ انزي ،Imipenem نؼقاس يقاويت

 انكىَغى اخخباس َخائج أظهشث. انحٍىٌت ونهًضاداث انجسى فً انذفاع َنٍاث ويقاويخها انبكخٍشٌا ضشاوة صٌادة فً لأهًٍخها

 يٍ ػضلاث سبؼت اصم يٍ سختو .Enterobacter sp و Klebsiella pneumoniae   ػضلاث جًٍغ أٌ الأحًش

Staphylococcus aureus، يٍ  ػضلاث ثًاٌ اصم يٍ خًست انى بالاضافتEscherichia coli  نخكىٌٍ إٌجابٍت كاَج 

 .انحٍىٌت الأغشٍت

 .سشٌشٌت ػٍُاث و انحٍىي انغشاء ،حكىٌٍ انحٍىٌت انًضاداث حساسٍت انبكخٍشٌت، ضلاثانؼ: الوفتاحيت الكلواث
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Introduction

   Biofilm is an aggregation of 

microscopic organisms with their 

extracellular secretions. This 

aggregation takes many forms, either 

together in the form of aggregates, or 

they stick to a surface, such as their 

adhesion to the surface of a rock, to the 

surface of teeth, or to the surface of a 

pond, in tiny spaces called interfaces. 

(Donlan and Costerton, 2002, Zhao et 

al., 2023 ). Biofilms consist of a single 

species or multiple species, and the 

microorganisms within a biofilm differ 

phenotypically from their members in 

suspension despite being genetically 

similar.Cells within a biofilm respond to 

the diffusion gradient of nutrients and 

metabolic products, direct their 

metabolism according to their functional 

location within the biofilm community, 

and participate in cell-cell 

communication (Cvitkovitch et al., 

2003, Mirghani et al., 2022).Changes 

occur in the chemical and physical 

properties of the biofilm, as well as in the 

density of its microorganisms, 

depending on the following variables: 

First: The degree to which the biofilm 

accepts nutrients (Nutrient uptake). 

Second: The degree of movement of 

compounds through the biofilm, gases, 

and antimicrobial agents (Muthu, 2006, 

Sharma et al., 2023). 

  One of the most important features that 

distinguish a biomembrane from 

suspended cells is that its cells are 

embedded in a dense floor of 

extracellular polymeric materials 

(Extracellular Polymeric Substances 

(EPS) Matrix). The components of EPS 

vary depending on the organism present 

and the environmental conditions. Under 

appropriate conditions, cells affect The 

surrounding environment chemically 

and physically secretes specific 

biological macromolecules, and this 

environment, in turn, harbors 

components of non-living origin such as: 

non-specific biomolecules of litter 

derived from cell decomposition 

(Sutherland, 2001, Kaur and Dey, 2023). 

There is a close relationship between the 

ability of bacteria to form a biofilm and 

their ability to cause disease and cause 

chronic inflammation. The bacteria that 

form the biofilm have a greater ability to 

colonize and reside in the patient’s body 

and become less sensitive to treatment 

with antibiotics(Zhao et al., 2023).       

Proteins known as Biofilm-Aassociated 

Protiens, or "BAP," are produced by 

bacteria in response to infection. The 

presence of these proteins (BAP) 

promotes the development of the biofilm 

linked to the germ's prolonged survival 

in the patient's body. The infected body 

reacts to these proteins immunologically, 

and antibodies are detected in response 

to them (Cucarella, et al., 2004, Zafer et 

al., 2024). 

Materials and Methods  

Preparing the Cultivation Media  

(Blood Agar Media)  

   Blood agar was prepared, then left to 

cool to 50 degrees, and 7% of human 

blood was added to it, then poured into 
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sterile petri dishes and left to cool 

(Collee, et al., 1996). 

Congo Red Agar Medium 

   It was prepared by dissolving 37 

grams of brain heart infusion medium, 

50 grams of sucrose, and 15 grams of 

agar in 900 milliliters of distilled water, 

sterilized with an autoclave, and left to 

cool to 60 degrees Celsius, then mixed 

with the cango red dye solution 

(prepared by dissolving 0.8 grams of 

cango red dye in 100 milliliters of 

distilled, autoclaved water, pour into 

sterilized dishes and leave to cool 

(Freeman et al., 1989). 

Study design and specimen collection 

   The study was conducted from period 

from December 2015 to March 2016 in 

Baghdad / Iraq a total of 35 samples.   

All clinical specimen were collected 

from participantes attending to Al- 

Kadhimiya Teaching Hospital. Clean 

catch midstream urine specimens were 

obtained, using sterial disposatable 

class( 5 mm) to avoid contamination. 

Blood samples were taken from pationt 

aspetically in blood culture tubles in 

addition wound nasd speciment samples 

were taken from sterid cottan swabs. 

Bacterial isolates were grown on blood 

agar and MacConkey agar and incubated 

at 37°C for 24 hours 

Diagnosis of Isolates  

Agricultural Characteristics 

  Bacterial isolates were initially 

identified based on the phenotypic 

characteristics of the colonies' shape, 

texture, and color. 

Diagnosis with the ready-made kit: 

Vitek2 compact ACT  

  The Vitech device is considered one of 

the best devices to identify types of 

bacteria within a short period and very 

accurately. It includes diagnosis using 

(Card). The device determines the type 

of bacteria by conducting biochemical 

tests automatically in the device without 

the need to conduct any external tests. It 

identifies this device detects 

gram-positive and gram-negative 

bacteria, in addition to examining the 

sensitivity to antibiotics. It only 

recognizes live cells. The size of the 

device is small and the number of 

samples it can accommodate in one 

session is 30 (30 identification cards and 

30 sensitivity cards).  

Testing for Bacterial Susceptibility to 

Antibiotics 

  Young colonies were transferred to 

heart and brain broth and incubated for 

two hours at 37°C to obtain a turbidity 

standard equal to the turbidity of a 

Macfarland tube (0.5 turbidity standard), 

which gives a cell count approximately 

(1.5 * 108 cells/ml), taken from the 

bacterial culture with a cotton swab.          

Spread well and evenly on 

Mueller-Hinton agar and leave for 10 

minutes, then the antibiotic tablets were 

placed using sterile forceps and pressed 

slightly to ensure contact between the 

agar and the tablets. The plates were 

incubated for 24 hours at a temperature 

of 37 degrees Celsius, then the results 

were recorded by measuring the 

diameter of the inhibition zone formed 
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around each tablet in millimeters if it appeared. 

 

Detection of Biofilm Production with 

the Congo Red Test 

  The isolates were grown on congo red 

medium and left in the incubator at 37°C 

for 24 hours. The ability of the isolates to 

form a biofilm was examined by forming 

a black precipitate. while the colonies 

appeared in a pink or red color indicating 

that it is not productive for biofilms. 

Results and Discussion 

  The results of this study reveals that 35 

bacterial isolates were collected from 

Al-Kadhimiya Teaching Hospital in 

Baghdad from different patients samples 

which included the bacterial isolates 

listed in Table 1 bellow: 

 

 

Cultivation and Diagnosis of Isolates    

The isolated samples were grown on 

stimulant and differentiation media, in 

addition to microscopic tests and 

examination with ready-made kits. 

Pseudomonas aeruginosa appeared to be 

a gram-negative bacillus, and its 

colonies were characterized by being flat 

and irregular in shape. They gave off an 

odor resembling that of fermenting 

grapes while producing a bluish-green 

dye. These bacteria were completely 

hemolytic on blood media, but in 

MacConkey medium their colonies were 

pale because they were not fermented for 

lactose.While both Staphylococcus 

aureus and Staphylococcus epidermids  

 

  Table(1)Isolates from Different Speciment 

Biofilm format Frequency Type of speciment Bacterial isolates No.  

+ 4  Urine Enterobacter  sp. 1 

+ 2  wound Enterobacter  sp.   2 

+ 5 Urine sore swab Escherichia coli  3 

- 3 bed  Escherichia coli  4 

- 1 Urine Escherichia.coli type1 5 

- 2 Ear sweb Pseudomonas aeruginosa  6 

- 3 wound Pseudomonas aeruginosa  7 

- 1 blood Pseudomonas aeruginosa  8 

+ 2 Urine Klebsiella  pneumoniae 9 

+ 2 Seputum swab Klebsiella  pneumoniae  10 

+ 2 Nasal Swab Staphylococcus aureus  11 

+ 2 blood Staphylococcus aureus  12 

- 3 wound Staphylococcus aureus  13 

- 1 wound Staphylococcus epidermids 14 

- 2 Seputum swab Acinetobacter baumannii  15 



Iraqi Journal of Science and Technoligy                                                              2025 ,14(2) 

5 

 

were characterized as being 

gram-positive in 

the form of clusters under the 

microscope, they did not grow on 

MacConkey medium because it contains 

bile salts that inhibit gram-positive 

bacteria. As for its colonies, 

Staphylococcus aureus was 

characterized as being medium to large, 

smooth, and highly pigment-forming. It 

was golden in color and was surrounded 

by an area of complete decomposition on 

the blood medium, It is characterized by 

being a fermenter of manthol sugar, so 

the color of the manthol medium turns 

yellow. These bacteria are distinguished 

by being a fermentation of manthol 

sugar, so the color of the mantol medium 

turns yellow. While the colonies of 

Staphylococcus epidermids are 

characterized by being small, white, that 

do not form pigments, are 

non-hemolytic, and are not fermented for 

the sugar mannitol, so they do not turn 

the color of the mannitol medium 

yellow. As for the colonies of E.coli, 

they are fermented for the sugar lactose. 

They are flat, dry, pink and are short, 

Gram-negative bacilli. As for the E.coli 

type1 bacteria, they are characterized by 

the same characteristics, except that their 

colonies appear pale in color and are 

characterized by the fact that their cells 

are equipped with cilia when examined 

under an electron microscope.  

Klebsiella pneumoniae is gram negative, 

its colonies are pink and mucous on the 

MacConkey medium. As for the colonies 

of Acinetobacter baumannii bacteria, 

they were relatively large, white, mucous 

in color on the MacConkey medium, and 

negative for Gram stain. 

Policy Screening of Antibiotics  

  The importance of antibiotic 

susceptibility testing comes to 

investigating the extent of resistance of 

bacterial isolates to antibiotics. Detailed 

testing of the isolated bacterial isolates 

was performed for a number of 

antibiotics, as shown in Table 2. 

The sensitivity to a number of antibiotics 

was tested, distributed among the 

beta-lactam group antibiotics, which 

included Cefoxitin, Ceftriaxone, and 

Imipenem, and from the amino glycoside 

group Amikacin, Gentamicin, and the 

macrolides Nitrofurantoin, and from the 

penicillin group Cloxacillin, Aztreonam, 

Amoxicillinl clavulanic acid, and 

Carbenicillin. All bacterial isolates 

showed resistance to Carbenicillin and  

Cloxacillin, while they varied in their 

resistance to the rest of the antibiotics, 

with very low resistance rates, as shown 

in Table1 While the most effective 

antibiotic was Imipenem, as only one 

isolate showed resistance to this 

antibiotic. 

   Amonng 35 bacteria isolates from 

Patogenic bacteria. Only (54.3%) 

isolates were biofilm produces as 

illustrated by Congo Red agar 
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Biofilm Investigation  

  The ability of bacterial isolates to form 

biofilm was investigated by Congo Red 

Agar method. It was observed that the 

isolates forming the biofilm were 

colored black indicating the productivity 

of the biofilms, while the colonies 

appeared in a pink or red color indicating 

that is not producing biofilms.  The 

results were illustrated in Fig.1 for 

forming biofilm: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1)The results of the Congo red test.  

 

 

 

Pseudomonas aeruginosa was negative for 

this test while Staphylococcus aureus 

bacteria formed a black precipitate 

indicating biofilm formation .  

 

 

 

 

 

Table(2)Percentage Amount of Biofilm 

production 

Biofilm production Congo Red agar % 

Strong positive 28.6 

Modeurat positive  14.3 

Week positive  11.4 

Negative 45.7 

negative bacteria isolate 

positive bacteria isolate 
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Table (3)Sensitivity of Bacterial Isolates to Antibiotics.  

Antibiotic 
 
 
 

Bacterial Isolation 
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-
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1 Klebsiella  pneumoniae 1 R R R R S R R R R 
2 Klebsiella  pneumoniae 2 R R R R S R R R R 

3 Klebsiella  pneumoniae 3 R R R R S R R R R 
4 Klebsiella  pneumoniae 4 S R R R S R R S S 
5 Staphylococcus aureus1 S R R R S S R S S 
6 Staphylococcus aureus2 R R S R S R R S R 
7 Staphylococcus aureus3 R R R R S R R S R 
8 Staphylococcus aureus4 R R R R S R R S R 

9 Staphylococcus aureus5 R R R R S S R R R 
10 Staphylococcus aureus6 R R R R S R R R R 
11 Staphylococcus aureus7 R R R R R R R R S 
12 Staphylococcus epidermids S R R R S R R S S 
13 Enterobacter sp1 R R R R S S R R R 
14 Enterobacter sp.2 R R R R S R R R R 

15  Enterobacter sp.3 R R S R S S R R R 
16 Enterobacter sp.4 R R R R S S R R S 
17 Enterobacter sp.5 R R R R S S R R R 
18 Enterobacter sp.6 R R R R S R R R R 
19 Escherichia coli1 R R R R S R R R R 
20 Escherichia coli2 R R R R S R R R R 

21 Escherichia coli3 R R R R S R R R R 
22 Escherichia coli4 R R R R S S R R S 
23 Escherichia coli5 R

* 
R R R S

** 
S R R R 

24 Escherichia coli6 R R R R S R R R R 
25 Escherichia coli7 R R R R S R R R R 
26 Escherichia coli8 R R R S S S R R R 

27 E-coli type 1   R R R R S R R R R 
28 Pseudomonas aeruginosa1 R R R R S R R R R 
29 Pseudomonas aeruginosa 2  R R R R S S R R R 
30 Pseudomonas aeruginosa3  R R S R S S R R R 
31 Pseudomonas aeruginosa4 R R R R S R R R R 
32 Pseudomonas aeruginosa5 R R R R S R R R R 

33 Pseudomonas aeruginosa6 R R R R S R R R R 
34 1Acinetobacter  

 baumannii 
R R R S S S R R R 

 *R= Resistance 
**S= Sensitive 
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By observing the results of biofilm 

production, it was found that some 

species belonging to the same gene differ 

in their ability to produce biofilm, as 

(Arvanati et al., 1994) stated that the 

chemical composition of the biofilm 

differs between species of bacteria in 

general and even between species 

belonging to the same family, as each 

bacteria has its own structure, and 

peptides may interfere with these 

membranes and cause disruption in their 

structure. 

   The results also showed that some 

amino acids showed inhibitory activity 

on the formation of the bacterial 

biosphere  

(Muzaffar et al; 1997, Warraich et al., 

2020).These results were similar to the 

results of (Al-Ukaili et al., 2014), where 

their results showed 90% of bacterial 

isolates producing biofilm and 10% not 

producing.  

By observing the results of biofilm 

production by the bacteria under study, 

we notice that most of the isolates were 

biofilm producers. 

  By observing the results of Table 3 of 

antibiotics resistance and comparing it to 

the results of Table 2 of biofilm 

production and the results of Table 1, the 

study observed a clear association 

between biofilm formation and increased 

bacterial resistance to antibiotics. 

Biofilm-producing bacteria exhibited 

reduced sensitivity to antibiotics, which 

makes it resistant and also causes 

infections that are difficult to treat 

(Costerton et al., 1999; Otoole and Mah, 

2011, Shree et al., 2023). 

 

These findings underscore the clinical 

challenge posed by biofilms, as their 

protective matrix enhances bacterial 

survival under antibiotic pressure. Future 

research should explore anti-biofilm 

therapies to improve treatment 

outcomes. 

Conclusions 

   The current study finding the 

following: 

1- Antibiotic resistance was detected in 

the majority of bacterial isolates.  

2- All isolates exhibited complete 

resistance to both Cloxacillin and 

Carbenicillin, underscoring the limited 

efficacy of these antibiotics in treating 

infections caused by the tested bacteria. 

3- Despite Imipenem being the most 

effective antibiotic tested, demonstrating 

potent activity against most bacterial 

isolates, resistance was still observed in 

one isolate.  

4- This finding emphasizes the need for 

continuous monitoring and judicious use 

of antibiotics to prevent the emergence 

and spread of resistant strains.  

5- The results underscore the importance 

of integrating biofilm detection and 

antibiotic susceptibility profiling in the 

clinical management of infections.  

6- By understanding the interplay 

between biofilm formation and antibiotic 

resistance, clinicians can devise more 

effective treatment strategies, potentially 

incorporating biofilm-disrupting agents 

or combination therapies to enhance the 

efficacy of antibiotics and combat 

resistant infections 
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