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1. Introduction  

Acinetobacter baumannii is a Gram-negative, obligate aerobe, 

coccobacillus and one of the most prevalent causative agent of several 

infections (Martín-Aspas et al., 2018). A. baumannii causes a range the 

hospital and community-acquired infections, including skin and soft tissue, 

urinary tract infections, in addition to meningitis, bacteremia and 

pneumonia (Morris et al., 2019). This pathogen is one of the multidrug-

resistant (MDR) ESKAPE pathogens (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa and Enterobacter species) (Shin and Eom, 2020). 

A. baumannii is capable to develop resistance mechanisms to a wide range 

of antimicrobial agents (Ibrahim, 2019). Basically, A. baumannii has three 

main mechanisms of antibiotics resistance, including: (i) disactivating of 

antibiotics by enzymes, (ii) delaying entrance of antibiotics into the target 

site of bacteria and (iii) alteration of their target or cellular functions 

(Hamzeh et al., 2019). 

Biofilm-forming capability and antibiotic resistance are the most 

important virulence factors of A. baumannii playing an important role in 

bacterial survival and infection (Raheem et al., 2018). Biofilm is defined as 

a microbial aggregate embedded inside a self-released extracellular 

polymeric material including proteins, polysaccharides and extracellular 

DNA (Shin and Eom, 2020). 

The antibiotic resistance in Acinetobacter infections had led to the use 

of the old generation of antibiotics, such as Colistin (Asif et al., 2018). 

Polymyxin E (or Colistin) has recently been used as a “last line” 

therapeutic substance to control the Gram-negative multi-drug resistant 

bacteria (Pacheco et al., 2019). Colistin is a cationic antimicrobial peptide 

that affects the lipid A moiety of lipopolysaccharide (LPS) of Gram-
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negative bacteria and eventually, disrupting the outer membrane of 

bacterial pathogens (Farshadzadeh et al., 2018). 

The monotherapy by antibiotics has been reported as a less effective 

protocol, in comparison to combination therapy, thus, antimicrobial 

combinations are recommended by the National Institutes of Health (NIH) 

as a potential integrative therapeutic option (Mosca et al., 2020). Therefore, 

an effective approach of combinations is urgently required, using the new 

technologies, to find out and develop alternative and safe strategies in order 

to encounter bacterial resistance to antibiotics. One of the suggested 

methods is using probiotics and/or their metabolites as antimicrobial 

substances in combination with antibiotics to increase the sensitivity of 

pathogenic strains ( Isayenko et al., 2020).  

Probiotics are known as live microorganisms that provide health 

benefits when administered in appropriate amounts (Saud et al., 2020). 

Probiotics play a key role in the regulation of the host immune system by 

stimulating cytokine production and cellular activity and inhibit the 

colonies of pathogens (Hager et al., 2019). In addition, probiotic 

therapeutic properties are attributed to the production of a variety of 

antibacterial agents, such as short-chain fatty acids, organic acids (such as 

lactic, acetic, formic, propionic and butyric acids), ethanol, hydrogen 

peroxide and bacteriocin (Karacaer et al., 2017).   

The combination of Colistin, in vitro, with the other active 

antimicrobials that reported have a synergistic effect, is widely used by 

physicians in critical patients (Asif et al., 2018). These effective 

combinations have several advantages; including lower concentrations of 

antimicrobials are used with higher activity, in addition to reducing their 

cost and their toxic threatening side effect on human health (Isayenko et 

al., 2020). 
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Our study aimed to:

1- evaluate, in vitro, the antibacterial and anti-biofilm activity of the 

probiotic strains and their metabolites cell-free supernatants (CSF) alone 

and in combination with Colistin against A. baumannii using disc diffusion 

method and broth microdilution assay (Checkerboard assay). 

2- In addition, the demonstrat the co-aggregation potential of probiotic 

strains with A. baumannii. 

3-  Detection of the synergy effect of the Colistin in combination with 

probiotic CSFs against multidrug-resistant A. baumannii . 



 الخلاصة
 

 
‌ب  

 رب٠د١سب٠ى١ٍٓخ زسبسِٕٙب وبٔذ ٪( 84)وبٔذ زسبسخ ٌٍىٌٛسزٓ ٚ %(022اٌجِٛب١ٔخ )

ِٓ عضلاد اٌشاوذح اٌجِٛب١ٔخ عٍٝ أٔٙب ِمبِٚخ ٌلأد٠ٚخ  (٪94) 02 رُ رسذ٠ذ غبٌج١خ .ِٛٔٛسب٠ى١ٍٓٚ

 (.MDRوبٔذ ِمبِٚخ ٌلأد٠ٚخ اٌّزعذدح ) %( ِٕٙب 24) 5( XDRٚعٍٝ ٔطبق ٚاسع )

 Bacillus subtilis:الار١خ  ّعضصاد اٌس٠ٛ١خٌٍاٌشاشر اٌجىز١شٞ ٌُ ٠ظٙش   

KATMIR1933 ٚBacillus amyloliquefaciense B-1895 أٞ ٔشبط )ززٝ عٕذ 

ٌٚىٓ وبْ رؤث١شٖ طف١فبً عٍٝ رى٠ٛٓ الأغش١خ  عٛاٌك ثىز١ش٠ب اٌشاوذح اٌجِٛب١ٔخضذ  ٪(022 اسزخذاَ

 ِضبد ٚوزٌه ربث١شلٛٞ ِضبد ١ٌٍّىشٚثبد فٟ ز١ٓ رُ رسد١ً ٔشبط  شاوذح اٌجِٛب١ٔخ.ٍاٌس٠ٛ١خ ٌ

 ( MIC ٚMIC-Bِٓ٪ ) 42 اسزخذاَعٕذِب رُ  خاٌشاوذح اٌجِٛب١ٔ اٌّىْٛ ِٓ لجًِ ٍغشبء اٌس١ٌٛٞ

 Lactobacillus casei CNCMi 1572عظ١بد اٌٍج١ٕخ  ِٓ خلا٠باٌشاشر اٌجىز١شٞ 

٪( ِٓ الأغش١خ 022ِّب رسجت فٟ رثج١ظ ) mixed lactobacilli اٌعظ١بد اٌٍج١ٕخ اٌّخٍٛطخ ٚ

 اٌشاوذح اٌجِٛب١ٔخ. ثٛاسطخاٌّىٛٔخ  اٌس٠ٛ١خ 

ث١ٓ سلالاد  Co-aggregation)) أظٙشد اٌذساسخ أْ إٌسجخ اٌّئ٠ٛخ ٌٍزدّع اٌّشزشن  

-Auto) اٌشاوذح اٌجِٛب١ٔخ وبٔذ أعٍٝ ِمبسٔخ ثبٌزد١ّع اٌزار٠ٟخ ٚٛاٌّعضصاد اٌس١

(aggregation.  وبْ اٌزد١ّع اٌزارٟ ٌعظ١بدBacillus amyloliquefaciense B-1895 

 Bacillus subtilis KATMIR1933 ٚL. casei CNCMi 1572أعٍٝ ِّب ٌٛزع فٟ 

 .mix lactobacilliوزٌه اٌـ ٚ

اٌشاشر فبْ  (∑FIC)زشو١ض اٌّثجظ اٌدضئٟ اٌٚإخّبٌٟ  isobologramاٌـ  رطج١كعٍٝ  اثٕبءً   

عٛاٌك ِٓ ع اٌىٌٛسزٓ ضذ ولا ِا اٌس٠ٛ١خ وبْ ِزآصس ادخلا٠ب سلالاد اٌّعضص ِٓاٌجىز١شٞ 

ٚاٌّعضٌٚخ  اٌذساسخخزبسح فٟ ٘زٖ ّاٌ ٚالاغش١ٗ اٌس٠ٛ١خ ٌثلاس عضلاد ِٓ اٌشاوذح اٌجِٛب١ٔخ اٌخلا٠ب

اٌشاشر اٌجىز١شٞ  ٌٍىٌٛسزٓ ثبلاشزشان ِع  MIC ٚMIC-Bوبْ  .اٌذَِٓ اٌدشٚذ ٚاٌسشٚق ٚ

 Bacillus subtilis KATMIR1933 ٚBacillusسلالاد اٌّعضصاد اٌس٠ٛ١خ )ِٓ 

amyloliquefaciense B-1895 ٚLactobacillus casei CNCMi 1572 ٚmix 

lactobacilli ثبسزخذاِٗ ثّفشدٖ ضذ عضلاد اٌشاوذح اٌجِٛب١ٔخ.( ألً ِمبسٔخ 

 عٕذِب اٌّضبدٖ ٌٍّب٠ىشٚثبد فعب١ٌزٗ رضداد وٌٛسزٓ أْ إٌٝ رٛطٍٕب اٌذساسخ ٘زٖ خلاي ِٓ

 ٘زا ِٓ ألً رشو١ض اسزخذاَ س١زُ ٚثبٌزبٌٟ اٌّعضصاد اٌس٠ٛ١خ ٌسلالادثبٌشاشر اٌجىز١شٞ  ٠ّضج

 .ٓاٌىٌٛسز ٠سججٙب اٌزٟ اٌدبٔج١خ ا٢ثبس ِٓ ثذٚسٖ ٠مًٍ ِّب اٌس١ٛٞ اٌّضبد




