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Abstract 

Objective(s): Acinetobacter baumannii has emerged as a significant hospital pathogen, quickly becoming 

resistant to wide range of antimicrobials. It has gained notoriety as a cause of debilitating soft tissue 

infections in soldiers returning from Iraq and Afghanistan. This study focused on the characterization of 

biofilm production in Iraqi A. baumannii and its regulation by quorum sensing. Material and Methods: 

twenty four isolates were collected from Baghdad and Al-Najaf hospitals and re-diagnosed by compact 

Vitek 2 and genetically using housekeeping gene (rec A). Phenotypic detection of biofilm formation was 

screened by microtiter dish assay, twitching motility assay, and SEM. Quorum sensing phenomenon (QS) 

was detected using conventional PCR.Results:100% of isolates formed either strong or weak biofilm by 

microtiter dish assay. Twitching motility test revealed that 79.2% of isolates were motile. SEM analysis 

showed 79.2%ofisolatesmade different stages of biofilm started with adhesion step and ending with a 

mushroom like architecture as highly magnification images showed on glass cover slips. PCR analysis of 

QS showed that91.7% of A. baumannii harbored AHL gene encoding N-acyl homoserine lactone hydrolase 

at amplified size 498bp, while 83.3% of A. baumannii isolates could harbor aba I gene encoding N-acyl 

homoserine lactone synthase at amplified size382bp. Conclusion: it could be concluded that A. baumannii 

isolates were capable to produce biofilm and control it using quorum sensing genes expression. This would 

raise the concern of dissemination of chronic infections among hospitalized patients in two cities: Baghdad 

and Al-Najaf.  
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Introduction 

Biofilm is a microbially derived sessile 

community which is characterized by cells 

that are irreversibly attached to a substratum 

and embedded in a matrix of self-produced 

extracellular polymeric substances (EPS) (1).It 

can be divided into distinct stages, from the 

initial attachment of bacteria to the surface 

until the formation of mature biofilm with a 

characteristic of three-dimensional 

architecture (2).  

Adaptation to surface attached growth within 

a biofilm is accompanied by significant 

changes in gene and protein expression, as 

well as metabolic activity which confers  

resistance to antimicrobial therapy and host 

mechanisms of clearance (1). Bacterial 

functions such as motility, adhesion, 

transport, stress response, activation of 

metabolic pathways and EPS synthesis are 

required at each stage (2) and usually 

regulated by quorum sensing. Through this 

phenomenon, bacteria communicate with each 

other using chemo tactic particles or 

pheromones (3), allowing the bacteria to 

switch between plank tonic phenotype to high 

cell density biofilm phenotype (4). Recent 

studies have begun to integrate QS into global 

regulatory networks and establish its role in  

http://www.jgpt.co.in/


Rawa Abdul Redha Aziz et. al., Journal of Global Pharma Technology. 2017; 05(9):50-58 

©2009-2017, JGPT. All Rights Reserved                                                                                                                                                                                             51 

developing and maintaining the structure of 

bacterial communities (4). Pathogenic bacteria 

typically use QS in the regulation of genes 

encoding extracellular virulence factors (5). It 

has revealed that biofilm producer 

Acinetobacterbaumannii, a gram-negative 

cocobacilli with a GC content of 38-47% (6), 

were more resistant to aminoglycosides, 

carbepenems, tetracyclines, and sulfonamides 

compared to non-biofilm producers. This 

would link to its survival in the hospital 

environment and to infections associated with 

medical devices (7), resulting in an important 

public health problem (8).  

In our study, we focus on the characterization 

of biofilm production among local Iraqi A. 

baumanniithat were tested for their antibiotic 

resistant pattern in our previous work (9) 

using different phenotypic biofilm assays 

including scanning electron microscopy (SEM), 

and also screen about quorum sensing genes 

among mentioned isolates by Conventional 

PCR. 

Material and Methods 

Collection and Diagnosis of Bacterial 

Isolates 

Twenty four isolates of A. baumannii were 

obtained from patients having wound 

infections and admitted to several teaching 

hospitals in Baghdad and AL- Najaf during a 

period between March and September 2015. 

Bacterial diagnosis was performed 

depending on rapid morphological tests on 

CHROM agar Orientation followed by 

identification at the species level using 

complementary Vitek2 compact automated 

system (Biomeriux, USA).Isolates were also 

identified by PCR using housekeeping gene 

(rec A) at the amplified size of 425bp from 

the origin gene sequence F- 

CCTGAATCTTCYGGTAAAAC; R-

GTTTCTGGGCTGCCAAACATTAC. The 

primer was designed using Geneious 

Software/ primer 3. 

Phenotypic Detection of Biofilm 

Production 

Microtiter Dish assay Biofilm formation 

in 96-well microtiter plates was assayed and 

quantified as previously described by 

O’Toole (10). All biofilm assays were 

performed using M63 minimal medium 

supplemented with glucose, MgSO4, and 

CAA. Isolates were grown overnight in LB 

broth at 37°C, the 96-well plate(s) were 

prepared for the assay. Each isolate 

suspension was diluted (1:50) into an aliquot 

of the Biofilm media (M63) and mixed well 

by swirling and pipetting up and down. 

Standard strains Pseudomonas PA14 and 

Pseudomonas ∆Pel A mutant were also 

undergone this step and used as positive and 

negative control, respectively.  

The wells were inoculated (at least 4 wells 

per each isolate) of the 96-well plate 

(100µl/well) from the isolate mixture using a 

multi-channel pipette. The 96-well plate was 

covered with a lid and incubated at (37°C) 

for up to 24 hours. After the incubation 

period, the wells were rinsed twice with 

distilled water to remove the unattached 

bacteria. Subsequently, 125 µl of Crystal 

violate stain (at 0.1% concentration) was 

added to each well and the control well. The 

plate was let sit to 10-15 min. The plates 

were then rinsed twice with distilled water 

and dried on paper towels. Biofilm formed 

for each isolate was quantified by measuring 

their absorbance at 550nm using ELISA 

system.  

Quantify absorbance at 550 nm was read for 

the triplicate wells using 30% acetic acid in 

water as the blank. Since there is no 

universally recognized reference value used 

for evaluating biofilm formation capacity, in 

current study, isolates with OD550 values 

greater than that of the negative control 

were considered positive for biofilm 

formation. Specifically, those with OD550 

values greater than that of the negative 

control, but less than that of the positive 

control were characterized as weak biofilm 

formers, while those with OD550 values 

greater than that of positive control were 

considered strong biofilm formers. 

Twitching Motility Assay 

Each isolate was tested for its twitching 

motility character according to (11). Twitch 

motility plates consisted of M63 medium 

supplemented with MgSO4, glucose (20%), 

CAA (20%), and solidified with 1.5% agar- 

agar. Isolates were stab inoculated with a 

toothpick through a thin (approximately 3 

mm) LB agar layer supplemented with M63  

to the bottom of the Petri dish and incubated 

at 37ºC for 24 hours. After incubation, the 
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zone of twitching motility between the agar 

and Petri dish interface was visualized by 

staining with crystal violet.  

Results interpretation was dependent on 

categorizing these isolates into three groups 

according to positive (Pseudomonas PA14) 

and negative (Pseudomonas ∆ Pel A mutant) 

control. If the twitching zone diameter was 

<5 mm, the isolate is considered as twitching 

negative. A twitching zone diameter between 

5 and 20 mm is considered as an 

intermediate while >20 mm of twitching 

zone was considered as a highly motile 

isolate.  

Scanning Electron Microscopy SEM 

A sterile cover slip was placed inside LB 

broth tubes cultured with overnight 

bacteria. The tubes were incubated 

horizontally at 37°C/24 hrs, and then isolates 

were left for more than one month at room 

temperature in order to let a pellet of 

colonies to be formed. Isolates samples were 

prepared for testing by SEM according to the 

following steps provided by (12). Each cover 

slip having biofilm formation appearance 

was removed from LB broth tube very 

carefully using sterilized forceps.  

Fixation step was done for the cover slip 

using a chemical fixative like glutaraldehyde 

(2.5%). The cover slips were incubated at 

room temperature for approximately 2 

hours. The fixative agent was then removed 

and replaced immediately with distilled 

water to prevent sample dehydration. Cover 

slips were then coated with gold/ palladium 

(Au/Pd) Ratio (80:20) (57mm diameter x 

0.1mm thick) using a sputter coater, plasma 

chambers with low discharge. Clear view of 

biofilm stages were conducted using a 

conventional scanning electron microscope 

(SEM) at a magnification from 5µm to 2mm. 

Results  

Identification of local isolates 

 A. baumannii isolates exhibited on CHROM 

agar Orientation white nontransparent 

colonies with rod shaped within 24 hr, and 

they were A. baumanniiat 99% level by 

Vitek 2 compact automated system. Results 

of genotypic detection of housekeeping 

generic Ademonstrated that 100% of isolates 

hadrec A gene with amplified size of 425bp. 

Microtiter Dish assay 

 Results of current study were compared 

with Pseudomonas P14 (positive control; OD 

0.35) and Pseudomonas ∆Pel A mutant 

(negative control; OD 0.051) to be classified 

into either strong or weak biofilm producers 

using ELISA system at OD 550nm. Reading 

data revealed that all A. baumannii isolates 

(100%) were biofilm producers. Interestingly, 

the three PDR A. baumannii isolates gave 

highest OD measure, indicating strong 

biofilm formation ability.  

It could be seen in figure (1-1A) that PDR A. 

baumannii W14 had (OD≥0.81) compared 

with other isolates. Most extremely drug 

resistant A. baumannii isolates were 

strongly biofilm producers except for XDR A. 

baumannii W1, W4, and W19 which produce 

weak biofilm. In contrast to all multidrug 

resistant A. baumanniithat produced biofilm 

weakly (figure 1-1B).  

 
(A) 
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(B) 

Figure (1-1): a) Average of three measures at OD550 conducted by ELISA system for 24 A. baumannii isolates 

compared with positive (Pseudomonas P14) and negative control (Pseudomonas ∆Pel A mutant). b) Classifying the 

MDR, XDR, and PDA A. baumannii isolates into weak or strong biofilm producers. 

Twitching Motility pattern 

Results showed that 19/24 (79.2%) of A. 

baumannii isolates gave positive results 

from which 54% of isolates were highly 

motile isolates that exhibited wide zone of 

migration more than 20mm after incubation 

period; while 25% of isolates showed 

intermediate migration zone of 5-20mm in 

diameter (figure 1-2).  

 

 

 

 

It was found that PDR A. baumannii W14 

displayed 30 mm migration zone compared 

with other PDR isolates (W6 and W23) that 

exhibited 25 and 29mm, respectively. Also, 

five A. baumannii isolates including (MDR 

W24 and XDR W1, W4, W19, and W20) were 

considered as weak biofilm producer in 

previous test, and they exhibited no 

twitching motility pattern on M63 medium 

plate. 

 

 
Figure (1-2): Twitching motility profile presented as percentages (left) and migration zone on M63 agar plates (right) 

for MDR A. baumannii W18 (3mm/negative), XDR W17 (10mm/intermediate), and PDR W14 (30mm/high motility). 

 

Figure (1-3): SEM images of different biofilm formation stages of PDR A. baumanniiW14on glass cover slip; 1) 

Monolayer represents the exopolysaccharides (x20µm); 2) Irreversible stage presented in microcolonies at (x5µm); 3) 

Clear view of mature stage of biofilm at (x10µm) magnification where cells aggregated in mushroom like shape that 

had channels for water and nutrition. Images were compared to a diagram designed in the study. 

Scanning Electron Microscopy (SEM) 
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Analysis showed 19/24 of A. baumannii 

isolates made biofilm, suggesting highly 

significant correlation between biofilm-

forming capacity and cell adhesiveness. 

Clearly, A. baumannii isolate that gave 

positive results in previous two biofilm 

phenotypic detection methods exhibited high 

rate biofilm formation on glass cover slip. 

 

Higher magnification images (figure 1-3  

No.1) illustrated monolayer of PDR A. 

baumanniiW14 individual cells on cover 

slips covered with a film that most likely 

represents the exopolysaccharides which in 

general consist of carbohydrates, nucleic 

acids, proteins, and other macromolecules. 

In No. 2 in the same figure, microcolonies 

were formed and very close to be 

differentiated into structured and thick 

mature stage or so called mushroom like 

shape as presented in No. 3 (figure 1-3).  

 

 

(A)                                                                                                     (B)    

 

(C) 

 

(D) 

Figure (1-4): Agarose gel electrophoresis (1% agarose, 5 V/cm for 120min) for QS genes: AHL (a) and abaI (b) for 24 A. 

baumannii isolates obtained from wound infections. Clear shiny bands represented positive results as compared 

with 100bp DNA ladder; lane M.  c) The amplified AHL gene related to PDR A. baumannii W14 compared with NCBI 

standered strainAC29:CP007536. d) The amplified abaI gene related to PDR A. baumannii W14 compared with NCBI 

standered strainZW85:CP006768. 

PCR Detection of Quorum Sensing 

Pheromones 

Results demonstrated that 22/24 (91.7%) of  

A. baumannii harbored AHL gene encoding 

N-acyl homoserine lactone hydrolase or so 

called lactonase at amplified size 498 bp as  
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presented in clear bands compared to 100bp 

DNA ladder (figure 1-4A). The only two XDR 

A. baumannii W19 and MDR W24 were 

negatives. Also, results showed that 20/24 

(83.3%) of isolates harboredabaI gene 

encoding N-acyl homoserine lactone 

synthase at amplified size 382bp (figure 1-

4B).  In current study, data were obtained 

from sequence of abaI and AHL genes were 

submitted to gene Bank of National center of 

Biotechnology information (NCBI), The 

European Nucleotide Archive (ENA), and 

DNA data bank in Japan (DDBJ) under the 

accession number of (KX266872) for abaI 

gene and accession number (KX349742) for 

AHL gene.  

These genes sequences were analyzed and 

compared with NCBI standard strains. As 

clear in figure (1-4 C) that AHL gene 

encoding lactonase  sequence related to PDR 

A. baumannii W14 was compared with 

standered strain AC29:CP007535: protien 

ID (GI:640861783) isolated from Austuralia. 

The Pariwise identity was (98.4%) with some 

differences recognized between the local 

isolate and the recorded NCBI strain as 

clear with gaps in the upper green identity 

line. Figure (1-4D) on ther hand represented 

abaI gene sequence related to A. baumannii 

compared with standard strain 

ZW85:CP006768: protien ID: 564742550 

isolated from (China). The Pariwise identity 

was (94.5%) with some differences apperad 

in the upper green identity linebetween the 

local isolate and the recorded NCBI strain.   

Discussion 

All A. baumannii gave the white non 

transparentcolonies with rod shapedon 

CHROM agar Orintation as Ajao et al.(13) 

and Manickamet al.(14)observed in their 

study. They further revealed that degraded 

chromogens would allow easy identification 

of mixed growth and provide higher 

detection rates.  

Also, Vitek2 Compact automated system was 

used as the importance of accurate 

identification of specific species becomes 

paramount in most modern microbiology 

laboratories and relies heavily on automated 

systems (15). Genotypic detection 

showed100% positivity, supporting the data 

of the previous diagnostic methods. It was  

reported that PCR based molecular methods 

were developed as an alternative ways for 

accurate identification and classification of 

bacterial species; especially when amplifying 

bacterial housekeeping genes (16). As a 

matter of fact, rec A gene encoding an 

enzyme involved in homologous 

recombination (17) could be widely applied 

in bacterial systematics and has proven to be 

very useful for the identification of bacterial 

isolates (18). 

Results of microtiter dish assay indicated 

that the development of biofilms by A. 

baumannii would help them in evasion of 

host defense mechanisms hence become 

difficult to be eradicated; especially they 

caused wound infection. Results supported 

what had been revealed by Rodr´guez-

Ban˜oet al. (19) and Anbazhagan et al. (20).  

Gentile et al. (21) demonstrated that there 

was high rate of biofilm production among 

60% of highly resistant A. baumannii 

isolates. Abdi-Ali et al.(22) revealed that 

microtiter plate assay exhibited  22%, 18%, 

42%, and 23% of A. baumannii isolates were 

classified into strong, moderate, weak, and 

none biofilm producers, respectively using 

ELISA at 550nm. Qi et al. (23) revealed that 

highly biofilm producers were multidrug 

resistant pathogens. Babapouret al. (24) 

reported that 94.3% of A. baumannii could 

produce biofilm using modified microtiter 

plate assay. They revealed that after reading 

the OD of the standard microtiter plates by 

ELISA reader, they added 160 mL of glacial 

acetic (33% v/v) to each well and again read 

the absorption, converting the qualitative 

study to a quantitative one. 

Twitching motility test analysis, on other 

hand, demonstrated that pan drug resistant 

A. baumannii were highly motile isolates 

compared to multi- or extremely drug 

resistant isolates; especially PDR W14 

isolate. Results agreed with Mussiet al. (25) 

and Eijke lkampet al.(26).  

 

It was reported that twitching motility, a 

special kind of surface translocation, was 

considered good sign in biofilm and pellicle 

formation in A. baumannii (26). It has also 

been reported that different types of motility 

could be found in Acinetobacter spp. isolated  

from wound infections from hospitalized  
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soldiers in USA, France, and Iraq (7). 

Another study reported that 13/48 A. 

baumannii clinical isolated from Walter 

Reed Army Medical in USA had evidence of 

surface motility (27). It was believed that A. 

baumannii strains display a motility 

phenotype depending on autoinducer 

molecules related to quorum sensing 

phenomenon (28).  

 

It was further revealed that the production 

of lipopolysaccharide LPS contributes to the 

motility phenotype directly, indicating 

biofilm formation (29). It was also showed 

that A. baumannii clinical isolates had 

surface motility phenotype on different type 

of media such as LB and MH (30). It is found 

that 60 MDR A. baumannii isolates showed 

migration zone of >40mm diameter zone on 

plates after incubation period of 48h, 

indicating motility pattern (31).  

 

Scanning Electorn microscopy analysis was 

very useful in visualizing Biofilm production 

by A. Baumannii isolates. Interestingly, 

each of the isolates showed high rate of 

biofilm formation with different stages on 

cover slips embedded in LB medium and 

kept statically for long period incubation (30 

days). This incubation condition could 

contribute to high biofilm formation since 

the solid-liquid interface between a cover 

slip and an aqueous medium (LB broth) 

provided an ideal environment for the 

attachment and growth of microorganisms.  

 

It could be suggested that cover slip would 

act as a substratum that acquired a 

conditioning film or coating comprised of 

primarily proteinaceous material that 

present in LB broth with respect to the 

characteristics of the microbial cells that 

may impact on the rate of microbial 

attachment. Also, the adhesion stage was 

considered as an extremely 

complicatedprocess that could be affected by 

many factorsincluding change in pH, 

temperature, nutritional cues, chemical 

biocides in the medium, and also 

communication via quorum sensing among 

isolates. This property of attachment and 

biofilm formation on glass by A. baumannii 

clinical isolates might be associated with  

their outstanding antibiotic resistance 

profile, leading to high capacity to survive in 

hospital environments and subsequently 

causes chronic wound infections in 

hospitalized patients in two cities; Baghdad 

and Al-Najaf. Results obtained in current 

study supported what had been found by 

Brossard and Campagnari (32), Parshanthet 

al. (4); Sahuet al. (33).  

 

By using SEM that clinical A. baumannii 

isolates could adhere to the urinary catheter 

surface cultured in LB at 30°C under 

shaking conditions for 72 h (34). Also, 

Bandeiraet al.(35) showed using SEM and 

TEM that A. baumannii clinical isolates 

attached to glass cover slips forming biofilm; 

however under dry conditions. It was further 

exhibited that global rise of biofilm forming 

A. baumannii poses a major challenge to 

current treatment options, leading to 

treatment failure and were difficult to 

eradicate (36); therefore, there was necessity 

to study quorum sensing phenomenon 

among A. baumannii as a regulator system 

(38).  

 

PCR study of Quorum sensing would 

indicate that biofilm producing A. 

baumannii isolates displayed quorum 

sensing signals through luxI/luxR type that 

would help in biofilm production. Further, it 

was clear that two XDR A. baumannii W1 

and W19 along with MDR A. baumannii 

W18 and W24 showed no band of abaI gene.  

This would support what had been obtained 

from biofilm detection methods, where they 

showed weakly biofilm production and did 

not exhibit any twitching motility on M63 

medium after incubation period. Similar 

work was done by Niuet al.(38) who 

illustrated the prevalence of AHL gene 

among A. baumannii isolates obtained from 

US military soldiers in Iraq and USA 

hospitals.  

Gonzalezet al.(39) also reported that 74% of 

A. baumannii strains produced AI-1 quorum 

sensing signals when forming biofilm. It was 

further postulated that AHL could enhance 

biofilm formation in weakly adherent 

clinical A. baumannii isolates when provided 

exogenously in experiment (4). He et al. (40) 

also reported thatabaIautoinducer synthase, 

highly similar to members of the LuxI family 

was required for normal biofilm 

development. 
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Conclusion 

Phenotypic detection of biofilm formation 

and its regulation through quorum sensing 

system among Iraqi A. baumannii isolates 

that could resist wide range of antibiotic 

classes indicated the disseminating chronic 

infections among hospitalized patients 

having wound infections and a big concern of 

choosing therapeutic regimes to eradicate 

such pathogen. 
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MDR: Multidrug resistant  

XDR: Extremely drug resistant 
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SEM: Scanning electron microscopy 
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