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Abstract: Chronic infection with Pseudomonas aeruginosa is a leading cause of morbidity and 
mortality for human especially nosocomial and cystic fibrosis patients, despite high doses of antibiotics 
used to cure the various diseases of this organism. These infections are chronic because P. aeruginosa 
readily forms biofilms, which are inherently resistant to antibiotics. Herein the study was analyzed the 
effect of natural lactoferrin on the ability of P. aeruginosa biofilm formation using a simple 
microculture protocol. Forty P. aeruginosa isolates were used in the current study. About 45% of the 
total isolates were sensitive to the lactoferrin action. The results were revealed the ability of lactoferrin 
(100 ug/ ml) protein to inhibit the P. aeruginosa growth and biofilm formation of these clinical 
isolates. 
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INTRODUCTION 

 
 Biofilms are complex and organized bacterial communities that are able to grow in association with 
different biological or inert surfaces. The clinical consequences of the biofilm mode of growth of pathogenic 
bacteria relate to the difficulty of therapeutic eradication of sessile cells forming such supra-cellular structures 
(Castillo et al., 2011). The formation of biofilms facilitates chronic bacterial infections and reduces the efficacy 
of antimicrobial therapy (Stoodley and Stoodley, 2009). The Gram-negative pathogen Pseudomonas aeruginosa 
is a model organism for biofilm studies and causes both acute and chronic infections by exploiting deficiencies 
in host immunity (Byrd et al., 2011). P. aeruginosa is thought to exist as a biofilm during infections of the 
cystic fibrosis (CF) airway (Bjarnsholt et al., 2009), in acute burn wounds, and in chronic suppurative otitis 
media (Dohar et al., 2005, Matthew et al., 2011). In its planktonic form, P. aeruginosa is a free-swimming cell 
that is motile by means of a single polar flagellum. In its sessile biofilm form, the bacteria attach to a biotic 
surfaces or organic substrates, leading to biofilm formation. Biofilms protect bacteria from the antibiotics, 
ciliary action of the respiratory tract, phagocytosis, opsonizing antibodies, and complement. It is estimated that 
biofilms account for approximately 60% of microbial infections in the body (Costerton et al., 1999 and Mah and 
O’Toole, 2001). 
 The lactoferrin, a first line of innate immunity defense components, is multifunctional protein with 
antimicrobial activities (Redwan and Tabll, 2007; Redwan, 2009; El-Fakhrrany et al., 2008, 2009, 2012 and 
Liao et al., 2012). Subsequently, lactoferrin represent an active guard on all mucosal membranes of the human 
body with different concentration (1-10 mg/ml), although a continuously exposure to the pathogenic bacteria 
(Singh et al., 2002) because it is a ubiquitous player at these surfaces.  
 

MATERIALS AND METHODS 
 
Bacterial Isolates:  
 Forty MDR clinical isolates of Pseudomonas  aeruginosa “identified by the following testing” that were 
originally recovered from patients hospitalized in Alnoor hospital (a 500-bed tertiary care specialist hospital), 
Makkah, KSA.  
 
Bacterial Identification and Susceptibility Testing:  
 Pseudomonas aeruginosa identification and resistance to Imipenem (IMP), Meropenem (MER) and 
Ceftazidime (CAZ) were determined by Automated Microscan system and Kirby Bauer disc diffusion testing 
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with using CAZ (30μg), IMP (10μg), and MER (10μg). Inhibition zones were interpreted as per CLSI (M100-
S15). 
 
Biofilm Formation: 
 Quantitative determination of biofilm was made using a microtiter plate assay. In brief, three to five 
colonies were suspended in 5mL of Tryptic soy broth (TSB) and incubated overnight without shaking. After 
incubation, the stationary-phase culture was vortexed and thereafter diluted 1:100 in TSB with 0.25% glucose, 
and 200μL of this solution was incubated in 96-well plates overnight at 35 ± 1°C. Media with suspended 
bacteria was then removed; the plates were carefully washed four times with water and air-dried before 200μL 
of 0.9% crystal violet solution (Sigma-Aldrich, Stockholm, Sweden) was added for 15 min. After removing the 
dye solution and washing with distilled water, the attached dye was solubilized with 95% ethanol and the optical 
density of the adherent biofilm was determined twice with 450/630 nm microtiter plate reader (OrthoReader # 
II, Ortho diagnostic systems, New Jersey, USA). In the experiments, we have just used TSB with 0.25% glucose 
as a negative control (background absorbance). All isolates were tested at least three times in triplicate. For 
interpretation of the results, the isolates were classified as follow: non-producing, weak, moderate, and strong-
producing, based on the following optic density (OD) average values: OD (isolate) ≤ OD (control) = non-
biofilm-producing; OD (control) ≤ OD (isolate) ≤ 2OD (control) = weak producing; 2OD (control) ≤ OD 
(isolate) ≤ 4OD (control) = moderate-producing; 4OD (control) ≤ OD (isolate) = strong-producing (Perez and  
Barth, 2011). 
 
Lactoferrin Inhibition of Biofilm Production: 
 The same procedures for biofilm formation were followed as before except that 100 µg / 200μL of 
lactoferrin were added to each well of 200μL in TSB solution and incubated overnight at 35 ± 1°C. The native 
lactoferrin was purified and its concentration, purity, contaminated was determined according to previously 
published standard protocol (El-Fakharany et al., 2008, 2009, 2012; Liao et al., 2012 and Redwan, 2012,). 
 
Results: 
Susceptibility Testing:  
 All strains were identified as MDR strains for IMP, MER and CAZ by both Automated Microscan and 
Kirby Bauer disc diffusion. 
 
Biofilm Production: 
 Out of 40 strains only 18 (45%) have produced biofilm. A strong biofilm-producers has been observed in 16 
(89%) strains, moderate and weak biofilm-producer have been detected in only one (5.5%) strain for each 
(Table 1). 
 
Lactoferrin Inhibition of Biofilm Production: 
 After overnight incubation of lactoferrin and biofilm producing strains; A strong biofilm-producers has 
been observed in 2 (11.1%) strains, moderate biofilm-producers has been observed in  only one (5.6%) strain, 
weak biofilm-producers have been detected in 13 (72.2%) and complete inhibition of biofilm production was 
observed in 2 (11.1%) strains (Fig. 1). 
 

 
 
Fig. 1: Lactoferrin effect on biofilm producing strains. 
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Table 1: Isolates biofilm production. 
Samples No. 40 isolates 

Biofilm production Non-producer Producer 
22 isolates 18 isolates 

Lactoferrin effect No effects Complete Weak Moderate Strong 
2 isolate 13 isolate 1 isolate 2 isolate 

 
Discussion: 
 Bacterial biofilms of Pseudomonas aeruginosa are the common cause of chronic infections in CF patients 
as well as other patients who exhibit some form of immune system disorders (e.g., burn wounds). Biofilm 
communities of P. aeruginosa have been observed in chronic wounds and burn wounds, where they are a 
leading cause of bacterial sepsis and mortality (Bjarnsholtet al., 2009) Additionally, P. aeruginosa will form 
biofilms on implanted medical devices including prostheses, catheters, and central venous lines, among others 
(Leid et al., 2009). Biofilm production was detected in 45% of our P. aeruginosa MDR isolates. The 
combination of P. aeruginosa  MDR with biofilm formation was reported by many authors as O'May et al. 
(2009) who reported that bacteria growing in biofilms exhibit increased resistance to antimicrobials and the host 
immune response compared to their free living, planktonic counterparts. Harmsen et al. (2010) stated that, once 
established biofilm dwelling bacteria are virtually impossible to eradicate with existing therapies. It is believed 
that biofilm-reduced antibiotic susceptibility is a physiological condition that does not involve mutation and 
allows the bacteria to survive in the presence of the antimicrobial agent; this is often referred to in the literature 
“tolerance” (phenotypic resistance). Tolerance mechanisms are multifactorial, including restricted antimicrobial 
diffusion, high cell density, differential physiological activity, slow growth, and persisted cell formation 
(Harmsen et al., 2010). It was reported that the biofilm mode of growth, together with the remarkable intrinsic 
antibiotic resistance of P. aeruginosa is one of the most important factors in the persistence of infection since it 
provides increased tolerance to the host defense mechanisms (such as mechanical clearance, complement, 
antibodies, or phagocytes) and antibiotics, this increased tolerance (or phenotypic resistance) of biofilms toward 
antibiotics is thought to be related to their complex architecture and the large heterogeneity of bacterial cells 
living in different physiological states, which determines the metabolic activity and gene expression (Macia et 
al., 2011). 
 Leid et al. (2009) stated that our studies clearly indicate the importance of the human immune response to 
biofilm infections and suggest that in addition to the massive effort to discover novel anti-biofilm antibiotics, 
understanding the role of the immune system in biofilm infections is vital to reducing the burden of these 
infections. Our results showed that overnight incubation of lactoferrin reduce the biofilm activity of the P. 
aeruginosa MDR isolates. In addition, Hansch (2012) reported that Lactoferrin is able to prevent biofilm 
formation. The effect was attributed to the ion-chelating capacity of lactoferrin, which, however, might not be 
the only mechanism. The in vivo production of lactoferrin may then reduce the amount of biofilm colonization 
of the lung or other tissue resulting in a decreased disease burden for the patient (Leid et al., 2009). 
 The unsuccessful eradication of P. aeruginosa in chronic infection has been partly attributed to the 
formation of biofilms. Microbial biofilms have been the focus of intense investigation during the last decade 
especially because of their intrinsic resistance to biocides, the host immune system, and antibiotics. Several 
recent studies have evaluated antibiotic regimens to combat P. aeruginosa biofilms, however; to date there are 
no data that provide a comprehensive understanding of the mechanisms of biofilm resistance (Tre-Hardy et al., 
2010). 
 
Conclusion: 
 Live virulent isolate P. aeruginosa of multi-drug resistance has been cultured and 18 out 40 isolates could 
biofilm production. Lactoferrin a multi-functional protein of innate immune defense could inhibit the biofilm 
production of the 18 isolates. 
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