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ABSTRACT   

   

            Medical devices are used extensively in many practice. This include devices used  on a 

temporary, intermittent and long term basis. Transient or permanently implanted plastic devices 

are frequently the starting point of infection. A total number of 117 clinical isolates were 

recovered from 83 contaminated CVCs from ICUs hospitalized infants and adult patients of 

age up to 90 years. The majority of the isolates (about 92%) were Gram-negative rods, in 

addition to Gram-positive cocci and Yeast (4% each). The most prevalent contaminants were 

Acinetobacter baumannii (23%) followed by Pseudomonas aeruginosa (18%), Klebsiella 

pneumoniae (15%) and Enterobacter species (13%). Less common isolates were  

Acinetobacter lowffii (5%), Yeasts (4%), Providencia, Stenotrophomonas, Achromobacter, 

Proteus and Staphylococci (3% each), Pseudomonas fluorescens, Pseudomonas putida, 

Shewanellae, Serratia, Hafnia, Yersinia, Cedeceae and Micrococcus (1% each). Positive slime 

production was observed with about 72% of the Gram-negative isolates and one Candida 

tropicalis strain. Strong slime production was detected in 11 out of 23 Pseudomonas strains, 

10 out of 33 Acinetobacter and 2 out of 18 Klebsiella strains. Among 32 antibiotics tested, the 

susceptibility pattern revealed that the most effective antibiotics were   levofloxacin, imipenem 

and meropenem; 68, 67 and 67%, of Gram-negative isolates were affected, respectively. 

Among the affected isolates there were Pseudomonas aeruginosa, Acinetobacter baumannii  

and Klebsiella pneumoniae strains; highly resistant to other antibiotics. Minimum inhibitory 

concentration (MIC) to fluconazole  was found to be 2 µg/ml.  The absence or presence of 

adherent growth and biofilm formation on the catheter surface, to any degree, was confirmed 

by scanning electron microscopy; where heavy growth showed cottony like appearance. More 

basic research at the level of pathogenesis with in-vitro model for prevention and elimination 

of microbial colonization of CVC and modification of catheter materials is needed to design 

novel strategies.   

     
   

INTRODUCTION   

   

Central venous catheters (CVCs) are an integral part of modern medical practice and their 

advantages are beyond doubt. These devices are routinely used in critically ill patients, for the 

management of parenteral nutrition therapy, oncology, haematology, and haemodialysis, also 

they are used for the administration of intravenous fluids, medications, blood products also to 
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measure the central venous pressure.  As a result of their use, infection has become a significant 

clinical problem; where, catheter colonization by contaminating bacteria of the bare implant 

surface may lead to the formation of a biofilm protecting bacteria against host defenses and 

antibiotics. About 87% of nosocomial bloodstream infections are associated with intravascular 

devices; of these more than 90% are due to central venous catheters (Siegman-Igra, et al., 1997; 

Manangan, et al., 2002; Fortun et al., 2006 and Guerrero, et al., 2009 and Stevens, et al., 2009). 

The ability of bacterial organisms to produce an extracellular polysaccharide matrix known as 

slime has been associated with increased virulence and delayed infections in various prosthetic 

implants. Biofilms are enclosed within an expolymer matrix that can restrict the diffusion of 

substances, bind antimicrobials and protects bacteria against actions of antibiotics and 

disinfectants.There are four potential sources for catheter-related infections, including 

dissemination of commensal skin flora from the catheter insertion site, contamination of the 

catheter hub during their manipulation by the medical staff, haematogenous microbial 

transmission from distant infection sites in the lung, urinary tract or the gastrointestinal tract, 

as in case of Candida infections, leading to surface colonization of the catheter or 

contamination of the medicated infusate. Catheter contamination may be associated with either 

intraluminal colonization from hub or infusate contaminants, or extraluminal colonization, 

usually skin in origin especially by Gram positive cocci (Bouza, et al., 2002; Öncü and Sakarya, 

2003; Paragioudaki, et al., 2004 and Cirioni, et al., 2006). Many biomaterials contain several 

additives to make them flexible enough to be used in catheters . Some of these substances could 

be used by different microorganisms (Lopez-Lopez et al., 1991) .   

   

MATERIALS AND METHODS    

Collection and processing of catheters   

A total of 100 polyurethane central venous catheters (CVCs) were taken from  54 male 

and 46 female hospitalized patients, with age range from 3 months to 90 years, at the intensive 

care units of National cancer institute, Ain Shams university hospital, Nasser institute and 

Abuel Reesh hospital . Duration of catheterization were  ranged from 2 days      ( short term 

duration) to 3 monthes (long term duration) in cancer and non cancer patients.  The catheters 

were removed from the patients, the distal 5 cm segments of the catheter were cut aseptically, 

using a sterile scissors, placed in a sterile container and were brought immediately to the 

laboratory where they were cultured using a modified method of BrunBruisson, et al., (1987).  

In brief, the catheter segments were cut longitudinally, placed in 5 ml phosphate buffered 

saline, pH 7.2, and were subjected to a high speed vortex for one  minute. Samples of 0.1ml 

were then plated over the entire surface of nutrient agar, MacConkey or Sabouroud's dextrose 

agar. Plates were incubated at 37oC for 24 to 72 hrs for visible growth. Segment was considered 

positive if the microbial count was not less than 103 CFUs/segment   

   

Identification of microbial isolates   

All isolates were examined macroscopically for their cultural characteristics, Gram 

stained and examined microscopically. The biochemical characteristics of isolates were 

confirmed using the MicroScan WalkAway-96 SI System (Klastersky, et al., 1974). Different 

panels for gram negative and gram positive bacterial isolates were used , Where, identification 

is based on detection of pH changes, substrate utilization and growth in presence of 

antimicrobial agents. Also, microscan rapid yeast identification panel was used .   
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Susceptibility testing of different microbial isolates to different antimicrobial agents   

Susceptibility of Gram negative and Gram positive bacteria was tested using 32 or 29 

antibiotics by broth dilution method, using the MicroScan WalkAway-96 SI System, using 

Dried (Gram Negative Break Point Combo 12) or Dried (Gram Positive Break Point Combo 

20), respectively (NCCLS, 2003). Susceptibility of yeast isolates to fluconazole was tested by 

the agar diffusion method, according to Perez, et al., 1990. Briefly; An inoculum size of 100  

µL of fungal suspension (108  CFUs/ml) was transferred to 20 ml molten Sabouraud dextrose 

agar,  left to  solidify, cups were cut, filled with 100 µL of different fluconazole concentrations 

(0.0625 to 128 mg/L), incubated at 25oC for 24 hours. The inhibition zones were measured and 

the MIC was determined .    

   

Test for slime production    

All microbial isolates were subjected to qualitative assessment of slime production by the 

tube method. In case of bacterial isolates, the method of Christensen, et aI., (1982) was used. 

In brief, the test microorganism was inoculated into a glass tube containing 5ml of tryptic soy 

broth containing 0.25% glucose and incubated at 35oC for 48h. After withdrawal of contents, 

the tubes were washed twice with distilled water; safranin dye solution was added then washed 

with distilled water. Slime production was judged to have occurred and adherent growth to be 

present if a visible continuous stained film lined the inner walls of the tube. The formation of 

a ring at the liquid-air interface was not considered indicative of slime production. Slime 

productivity was macroscopically semiquantitated and scored as strong (+++), moderate (++) 

weak (+) or absent (0). Experiments were repeated three times. The results were recorded by 

three observers.   

In case of yeast isolates, the method established by Branchini et al., (1994) was used. In 

brief, Organisms were grown for 24 h. at 35o C on Sabouraud's dextrose agar plates and saline- 

washed suspensions of each tested organism were prepared. The turbidity of each suspension 

was adjusted to be equivalent to 3x107 CFUs/ml with SDB as determined by 

spectrophotometric readings. Next, 1ml of the suspension was inoculated into a polystyrene 

tube (falcon, conical tube with a screw cap [Becton Dickinson]) containing 9 ml of SDB 

containing 80 G/L glucose. Tubes were then incubated at 35oC for 24 hrs. without agitation. 

After withdrawal of contents, the tubes were washed once with distilled water. Then walls of 

the tubes were stained with safranin, and then washed with distilled water. Experiments were 

repeated three times. The results were recorded by three observer.   

   

 Microbial growth and biofilm formation on the catheter surface (In-vitro model)  

        The methods described by ( Golomb and Shpigelman 1991 & Peck, et al., 2003 Branchini 

et al., (1994) were used to allow mature biofilm formation on CVPU segments Briefly, 

commercial Central venous polyurethane (CVPU) catheter (AmeCath. Co. for medical 

supplies, Egypt), were, aseptically, cut transversely and longitudinally into segments each of 

1cm long. These segments were placed in bacterial or yeast suspensions (107 - 108 CFUs/ml) 

in10 mL tryptic soy broth supplemented with 0.25% sucrose and Sabouraud's dextrose broth 

supplemented with 8%  glucose, incubated at   300 C and350 for 4-5 days in incubatory shaker, 

at 100 rpm.,respectively.  At time intervals of 0 and 5 days, three segments were picked up 

from each tube, washed three times with PBS and sonicated separately in 3 ml fresh PBS for 

120 seconds with pulse rate of 3.5 seconds using VCX-400 sonicator (Sonics & Materials Inc. 

Danbury. CT, USA) to separate and resuspend the adherent cells. Under such condition, 

complete release of adherent cells, from polyurethane catheter segments, occurred as confirmed 

by scanning electron microscopy. Microbial suspension was then subjected to a high-speed 
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vortex, serially diluted, 0.1ml from each dilution was plated on the surface of agar plates and 

incubated at 350C for 24-48 hours. The grown colonies were counted and the average number 

of CFUs was determined. For assessment biofilms formation, segments of Pseudomonas 

aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae and Candida tropicalis, were 

examined by scanning electron microscopy (SEM). The method of Storti, et al.,( 2005) was 

followed. In brief, the catheter segments were removed from the solutions, kept in 

glutaraldehyde (2.5% in 0.1M phosphate buffer, pH 7.1) for 15 minutes at room temperature. 

Then sequentially dehydrated, for 15 minutes, in 15%, 30%, 50%, 70%, 95% and 100% ethanol 

series. The segments were dried under dried under vacuum, sputter-coated with gold and 

examined using The SEM (JEOL JSM-5400 - Japan).   

   

RESULTS    

Collection of isolates   

A total of 117 isolates were collected from 83 infected catheters out of total 100 CVCs 

collected from 100 ICUs patients. Of these isolates, 107, 5 & 5 isolates were Gram-negative 

rods, Gram-positive cocci and yeast, respectively, representing about 92%, 4%, and 4 % of the 

total isolates. About 34% of infected catheters showed mixed microbial infections. About 27% 

of infected catheters were contaminated by 2 contaminants and only 7% were infected by 3 

contaminants. The duration of catheterization ranged from 2-90 days.  The obtained results 

revealed that, Gram-positive cocci and some yeast spp. isolated from short-term duration 

catheter (2 - 8 days). Meanwhile, Single microbial infection ( bacteria and yeast ) from  6 – 50 

days catheterization, poly-microbial infection isolated from long term  catheterization  with two 

types ( 17 – 90 days ) and three types of pathogenic bacteria from 64-90 days (Data not showen). 

The most prevalent isolates were, in a decreasing order, Acinetobacter (28 %), Pseudomonas 

(20%), Klebsiella (15%), and Enterobacter (13%). Other bacterial contaminants were isolated 

in minor percentages. Meanwhile, the percentage of yeast contaminants were 4% from total 

isolates ,out of them ,Candida tropicalis (1%); the results are given in table (1).   

  

 Table (1): Percentage of different microbial contaminants among 117 isolates from 

infected catheters  

  

Isolated genera and species  
Percentage  

%  
Isolated genera and species  

Percentage  
%  

Acinetobacter species:  
Acinetobacter baumannii Acinetobacter 

lowffii  

28%  
23%  
5%  

Proteus species :  
Proteus mirabilis  
Proteus penneri  

3%  
2%  
1%  

Pseudomonas species:  
Pseudomonas aeruginosa  

Pseudomonas flourescence    
Pseudomonas putida  

20%  
18%  
1%  
1%  

Providencia stuartii  3%  
Yersinia enterocolitica  1%  

Cedeceae spp  1%  
Shewanellae putrifaciens  1%  

Stenotrophomonas maltophilia  3%  Serratia liquifaciens  1%  
Klebsiella pneumoniae  15%  Hafnia alvei  1%  
Enterobacter species:  
Enterobacter cloacae  
Enterobacter aerogenes  
Enterobacter agglomerans  

13%  
8%  
4% 

1%  

Staphylococcus species:  
Staph. haemolyticus  
Staph.  auricularis  

  Staph. warneri  

3%  
2%  
1%  
1%  

Achromobacter gp VD-1,2  3%  Micrococcus spp  1%  
Yeast isolates                                                        4%  
Candida tropicalis                                                1%  
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Other Yeast species                                               3%  

Susceptibility testing of different microbial isolates to different antimicrobial agents   

Ther antibiogram, of different bacterial isolates to different antimicrobial agents, was tested 

using the broth dilution methods (MicroScan). A total number of 32 antimicrobial agents were 

used for Gram negative isolates, 29 antimicrobial agents were used for Gram-positive cocci.  

By the agar well diffusion method, minimum inhibitory concentration (MIC) µg/ml of 

fluconazole was determined for Candida tropicalis tested strain.   

In case of Gram-negative isolates, except for levofloxacin (LVX) (32%), meropenem 

(MER) (33%) and imipenem (IMP) (33%), the resistance rates of isolates to different 

antimicrobial agents exceeded 50%. The highest resistance rates (above 90 and up to 95%) 

were observed with cefazolin (CFZ), cephalothin (CF) and cefoperazone (CFP). Resistance 

rates recorded were 80-90% for ampicillin (AMP), cefpodixime (CPD), cefuroxime (CRM), 

nitrofurantoin (FD) and mezlocillin (MZ). Rates of 70-80% were recorded for 

ampicillin/sulbactam (A/S), aztreonam (AZT), trimethoprim (T), cefoxitin (CFX), ceftazidime 

(CAZ), ceftriaxone (CAX), piperacillin (PI), ticarcillin (TI), trimethoprim/sulfamethoxazole 

(T/S) and cefotaxime (CFT). Rates of 60-70% were observed for amox/K.clav (AUG)., 

ceftizoxime (CZ), ciprofloxacin (CP), ticarcillin/K.clav (TIM) and tobramycin (TO). Other 

rates of 50-60% were recorded for amikacin (AK), cefotetan (CTN), gentamicin (GM), 

netilmicin (NT), norfloxacin (NXN) and tetracycline (TE). The results obtained are illustrated 

in figures (1-4). The major contaminants were Acinetobacter baumannii  (23%), Pseudomonas 

aeruginosa (18%) followed by Klebsiella pneumoniae and Enterobacter species.  All 

Acinetobacter baumannii strains were resistant to cefpodixime, cefazolin, cefuroetxime, 

cephalothin and nitrofurantoin. Inhibition rates of 81, 78, 70, 63 & 59% were recorded for 

tetracycline, netilmicin, levofloxacin and meropenem, respectively. Lower inhibition rates 

were observed with Pseudomonas aeruginosa, where the highest inhibition rates were recorded 

for levofloxacin (52%), meropenem (38%) and tetracycline (33%). However, all Pseudomonas 

aeruginosa strains were resistant to ampicillin, ampicillin/sulbactam, cefazolin, cefotetan, 

cefoxitin, cefpodixime, cefuroxime, cephalothin, nitrofurantoin and ticarcillin. On the other 

hand, higher inhibition rates were observed with Klebsiella pneumoniae strains, where all 

strains were sensitive to cefotetan and meropenem. Inhibition rates of 89, 78, 67, 67&56% were 

recorded for imipenem, amox/K.clav., cefoxitin, gentamicin and ticarcillin/K.clav. In case of 

Enterobacter strains, all the isolates were resistant to ampicillin, cefpodixime, cefazolin, 

Cefotaxime, Ceftazidime, Cefuroxime, Cephalothin and Ticarcillin. In case of Gram-positive 

cocci, all of the five isolates were sensitive to quinolones (except ciprofloxacin) and 

nitrofurantoin. However, the four coagulase negative Staphylococci isolated were 

oxacillinresistant. Minimum inhibitory concentration (MIC) to fluconazole was found to be 2 

µg/ml.     
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Figure1: Resistance pattern of Gram-negative rods to different antimicrobial gents   

 

Figure (3): Susceptibility of A. baumannii isolates to different antimicrobial agents  
120% 
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Figure (4): Susceptibility of K. pneumoniae isolates to different antimicrobial agent  

 

Extracellular polysaccharide slime production by all bacterial and yeast isolates:   

All isolates of pathogenic bacteria and yeasts were subjected to qualitative assessment of 

slime production using visual method. Slime production was detected in 77 isolates, about 

(72%), out of total 107 Gram-negative strains. Striking differences in formation ability were 

observed among biofilm-positive strains. The results are illustrated in table (2) and figure (5). 

All gram positive isolates failed to produce the slime material; in addition, only Candida 

tropicalis isolate that was strong slime producer among yeast isolates and all other yeast isolates 

were negative slime producers.   

   

 Total No  Strong  Intermediate  Weak  Absent 

 
  

Figure (5): Slime production by different Gram-negative rods  

  

Growth on catheter surface and biofilm formation of the tested isolates:   

        An initial microbial counts (day 0) of 5.1x107,1.5x107 , 1.1x108   and 5.2x106  CFUs / 

segment in PBS were prepared of Pseudomonas aeruginosa, Acinetobacter baumannii, 

Klebsiella pneumoniae, and Candida tropicalis respectively, (table 3). Examination of the 

catheter surface for biofilm formation using scanning electron microscopy; revealed that, the 
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catheter segments, were completely covered with large numbers of adherent cells embedded in 

a cottony-like exopolymeric matrix, as shown in figure ( 6; A-F ). The growth was increased 

after 5 days incubation, on catheter surface, and the microbial counts were 5.9x107, 2.8x107 

and 1.9x108 and 1.3x107 CFUs/segment as illustrated in table (3).  

  

DISCUSSION    

In the present study, a colonization rate of 83% was recorded in the test catheters. 

Sadoyama, et al., (2006), reviewed lower rates of colonization (23-52%). This may be due to 

the diversity of the patients examined, regarding their clinical situations in different hospitals 

and hospitalization units. In addition to the detection of extraluminal and intraluminal 

colonization, using quantitative culture technique, which seems to be more sensitive in 

recovery and detection of contaminants. The longer catheterization periods, of the test patients, 

could be another cause, which could be associated with higher colonization rates and hence 

increased infection rates (Tacconelli et al., 2000).    

 

Table (2): Slime production by different Gram-negative rods  
Isolate  Total No  Isolates   No  Detectability  Productivity  No  

Acinetobacter  33  

A.1*,7,9,10,11,12,17,23,25 &, 26  +++  
  

Strong  10  

2, 13,18,21,27, A. lowffii 28 & 31  ++  

  

Intermediate  7  

A. 8, 22, A. (lowffii) 29, 30, 33  +   Weak  5  
A. 3, 4,5,6,14,15,16,19,20 24 & A. lowffii 32   -  Absent  11  

Pseudomonas  23  

P.,35,39,41,47,48,49,50,51,52*,53 & P. putida 56  +++  Strong  11  
P.40 &54  ++  Intermediate  2  

P.34, 37, 38, 42 &45  +  Weak  5  

P.36, 43, 44, 46 & P. flour. 55  -  Absent  5  

Stenotrophomonas  3  S. 57, 58 &59  -  Absent  3  

Klebsiella pneumoniae  18  

K.62 & 66*  +++  Strong  2  

K. 63, 67, 68, 69, 71&74  ++  Intermediate  6  

K. 61, 65, 70, 72, 73& 77  +  Weak  6  

K. 60, 64, 75& 76  -  Absent  4  

Enterobacter  15  
E. cloacae, 79, 81, 85, 86 & E. agglomerans. 92  +++  Strong  5  
E. cloacae, 78, 83, 84, E. aerog, 87, 88, 89, 90 & 91  +  Weak  8  

E. cloacae 80 & 82  -  Absent  2  

Achrombacter  4  
A. 95  ++  Intermediate  1  
A. 94  +  Weak  1  
A. 93 &96  -  Absent  2  

Proteus    
P. penerri, 99  +  Weak  1  
P. mirabilis 97& 98  -  Absent  2  

Providencia  3  P. 101  ++  Intermediate  1  
P. 100 & 102  +  Weak  2  

Yersinia  1  Y. 103  +  Weak  1  
Cedeceae  1  C. 104  +++  Strong  1  

Shewanella  1  S. 105  +  Weak  1  
Serratia  1  S. 106  ++  Intermediate  1  
Hafnia  1  H. 107  -  Absent  1  

Indicates the isolates for which their biofilm production ability was tested by the scanning electron microscopy  
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Table (3): Viable count of microbial biofilms grown on polyurethane catheter   

 

  

  

  

 
  

          Figure (6): SEM of (A) the inner catheter surface, (B) outer catheter surface, (C) 

P. aeruginosa biofilm, (D) A. baumannii biofilm, (E) K. pneumoniae biofilm and (F) 

C. tropicalis biofilm  

  

  

        

  Cfu:  Mean  value for three experiments   

  Viable count   ( cfu   / segment   

           M/O   
  
Period   
  

P. aeruginosa   A. bau m annii   K. pneumoniae   C. tropicalis   

Day (0)    x 10 5 7 
   x 1.7 10 7   1.3 10  x 8 

   x 10 5.3 6 
  

Day (5)   10 2.1  x 9 
   x 3.3 10 8   1.4  x 10 9    x 9.0 10 8   

  

  

A 

  

B 

  

E 

  

C 

  

D 

  

F 
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In agreement with Liniares et al., (1985), Eyer, et al., (1990), Greoger, et al., 1993Tullu 

et al., (1998), Sherertz, (2000), Pelletier et al., (2000), Hanna et al., (2001) and Storti, et al., 

(2005) the predominant contaminants were Gram-negative rods (92%).  

Also Gram-negative rods were reported to be the major etiologies for CR-BSI caused in 

children with cancer, in AIDS patients and in patients who have catheters with a jugular or 

femoral insertion site (Bouza, et al., 2002).  Other contaminants were Gram-positive cocci and 

yeast (4% each). In addition, the most prevalent Gram-negative rods isolated were identified 

as Acinetobacter baumannii (23%), followed by Pseudomonas aeruginosa (18%), Klebsiella 

pneumoniae (15%) and Enterobacter spp. (13%). However, much lower rates (1-5%) were 

observed with other bacterial and yeast isolates (table1). Similar observation was reported by 

Karlowsky, et al., (2004) that the most prevalent nonfermentative bacterial isolates from 

hospitalized patients were Pseudomonas aeruginosa and Acinetobacter baumannii . In 

addition, the most prevalent isolates, reported by Tullu et al., (1998), was also Acinetobacter. 

However, different percentages of other Gram-negative isolates; including Klebsiella, Proteus, 

Pseudomonas, Stenotrophomonas, Enterobacter, Serratia as well as, Candida spp.; were 

reported by Shapiro, et al., (1982); Flynn, et al., (1987); Benezra, et al., (1988); Sherertz, et 

al., (1990); Baleva and Pena, (1997); Seifert, (1997); Tullu, et al., (1998); Mermel et al., 

(2001); Pena, et al., (2001); Cisneros and Rodrı´guez-Bano, (2002); Krishnasami, et al., (2002) 

and Karlowsky, et al., (2004). This may be attributed to differences in culture techniques 

applied, catheterization periods, underlying diseases, types of catheters...etc. In addition, 

infection with Stenotrophomonas maltophilia was reported to be related to implantation of 

foreign devices such as catheters, especially central venous catheters (De Oliveira-Garcia, et 

al., 2002 and Di Bonaventura, et al., 2004).  Achromobacter was isolated at a rate of 3%. The 

sources of such contaminant may be ventilators, ―sterile‖ saline (Granowitz and Keenholtz, 

1998), disinfectant solutions (Vu-Thien, et al., 1998), intravenous fluids and irrigation and 

dialysis solutions (Reverdy, et al., 1984). Few Gram-positive cocci (table1), representing 4% 

of the isolates, were isolated, of these, two isolates of Staphylococcus haemolyticus and 

Staphylococcus warneri and Staphylococcus auricularis (one isolate each). Different authors 

(Darouiche, et al., 1999 and Paragioudaki, et al., 2004) reported much higher rates (60-67%).  

This could be explained to be due to isolation not only from central venous catheters, but also 

from peripheral catheters from patients with and without catheter-related blood stream 

infections. In addition, their technique for isolation was the roll plate culture technique that 

allows isolation of only extraluminal colonization, of which the most predominant 

contaminants are Gram-positive cocci, especially in short term non –tunneled catheterization 

(Mermel, et al., 2001; Yucell, et al., 2004 and Sadoyma, et al., 2006).   

Among yeast isolates, Candida tropicalis was isolated. The most important risk factor for 

candidaemia, especially with Candida tropicalis, is the use of CVCs (Nucci and Colombo, 2002 

and Barberinol, et al., 2006). In conclusion, the distribution of pathogens, nevertheless, varies 

with the type of patient, the underlying condition, the type of catheter, the unit and the quality 

of catheter care as reported by Bouza, et al., (2002). The detection of Acinetobacter, 

Pseudomonas aeruginosa, Enterobacter aerogenes and Candida indicated that autochthonous 

skin organisms and intestinal microorganisms might play a significant role in CVC colonization 

as suggested by Goldman and Pier, (1993). Selection and valid use of chemotherapeutics in 

intensive care units are important factors that have to be considered. The antibiogram of all 

bacterial isolates was performed using up to 32 different antibiotics. The results obtained 

showed that the least resistance rates of Gram-negative bacteria were observed with 

levofloxacin, meropenem and imipenem. All Gram-positive isolates were sensitive to 

levofloxacin and 67-68% of the Gram-negative isolates were sensitive to meropenem, 



International Journal of Pharmaceutical Science and Health Care                       Issue 4, Vol 2.March- April 2014   
 Available online on http://www.rspublication.com/ijphc/index.html                                          ISSN 2249 – 5738  

77                                                             R S. Publication, rspublicationhouse@gmail.com  

imipemen and levofloxacin, respectively. The least susceptibility rates were observed with 

Pseudomonas aeruginosa strains. About half of the isolates (48%) were resistant to all 

antibiotics tested and 86% resistant to all beta lactam (except imipenem and meropenem) and 

aminoglycosides tested. The highest activity of tested antibiotics, against Pseudomonas 

aeruginosa isolates, was observed with Levofloxacin (52%), meropenem (38%) and imipenem 

(29%). Spencer, et al., (2002) who reported high sensitivity of P. aeruginosa to meropenem 

(64%), impanel (75%) levofloxacin (61%), observed similar results.   

         The results obtained also agree with the results obtained by Tullu, et al., (1998) about the 

high resistance of the clinical isolates of P. aeruginosa to many beta lactam antibiotics and to 

gentamicin and amikacin. Also Karlowsky et al., (2004) obtained higher inhibition rates of P. 

aeruginosa by amikacin (>90%), imipenem (80 to 90%) and 70 to 80% of isolates were 

susceptible to ciprofloxacin, gentamicin, levofloxacin and ticarcillin-clavulanate. The lower or 

higher susceptibility rates recorded in the present study to different antibiotics mentioned above 

are expected as susceptibility of microbial isolates could vary considerably among countries, 

centers, hospitals and even inside different localities in the same hospital (Cisneros and 

Rodrı´guez-Ban˜o, 2002).The high resistance of P. aeruginosa strains could be attributed to the 

negatively charged alginate polymer which acts as a physical barrier to antibiotics and protects 

against uptake of these antibiotics, especially positively charged antibiotics, such as 

aminoglycosides. In addition, slow growth rate of the deeper layers of biofilm, overexpression 

of efflux mechanisms and genetically based resistance mechanisms, such as activation of 

different genes upon biofilm formation, are also likely to contribute to resistance (Mah, et al., 

2003 and Tote, et al., 2009). About 74-100% of the Acinetobacter baumannii strains were 

resistant to different cephalosporins tested. Indwelling procedures and previous cephalosporins 

therapy are known to be risk factors in Acinetobacter infections (Husni, et al., 1999 and Baran, 

et al., 2008). The sensitivity rate of Acinetobacter baumannii to imipenem was recorded to be 

high (78%) but not absolute. Emergence of Acinetobacter resistance to imipenem and other 

antibiotics were reported to be rising steadily (Cisneros and Rodriguez-Bano, 2002 and Del 

Mar Tomas, et al., 2005). The sensitivity rates of Acinetobacter baumannii to amikacin, 

augmentin and netilmicin were 67, 73 and 88%, respectively, as recorded by Lahiri et al., 

(2004). Lower sensitivity rates were recorded, in the present study, to the same antibiotics as 

37, 30 and 70%, respectively. Again, differences in susceptibility rates are expected to be due 

to strain differences in different localities under different conditions (Cisneros and 

Rodrı´guezBan˜o, 2002). Enterobacter strains showed high resistance rates to all antibiotics 

tested, except quinolones and carpabenems, where 93% of Enterobacter strains were sensitive 

to levofloxacin and 73% were sensitive to imipenem and meropenem. Similar results were 

recorded by Spencer et al., (2002) who found that out of sixteen Enterobacter isolates, 94% 

were susceptible to imipenem, and 100% susceptible to meropenem and levofloxacin. In 

addition, Blot, et al., (2003) recorded that Enterobacter bacteria are increasingly emerging 

nosocomial pathogens because antibiotic-resistant susceptibility patterns easily developed in 

these pathogens.    

 The four coagulase-negative Staphylococci isolated in this study were oxacillin-resistant 

and quinolones-sensitive. Oxacillin-resistant Coagulase negative Staphylococci and S. aureus 

infections are growing in frequency, especially within school hospitals; they account for over 

30% of isolates in some Brazilian hospitals and 34% in North-American hospitals (Moreira, et 

al., 1998). About 63% of Coagulase-negative Staphylococci, isolated from infected 

intravenous catheter, were oxacillin- resistant as reported by Bouza, et al., (2004).   

Slime production is an important factor for microbial adherence and biofilm formation. 

Accordingly, test for slime production was performed for all of the clinical isolates obtained 
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from CVCs. The total number of positive slime producers, in this study, was 77, in addition to 

Candida tropicalis isolate. The highest number of strong slime producer strains was observed 

in case of Pseudomonas strains (11 out of 23), Acinetobacter strains (10 out of 33), 

Enterobacter (5 out of 15) and only two out of 18 Klebsiella pneumoniae isolates. Farrag, et 

al., (2002), Banin et al., (2006) Sherertz, et al., (2006) and Walencka, et al., (2006), also 

reported the ability of Pseudomonas for slime production. About 44% of different Gram-

negative bacteria, including Klebsiella pneumoniae and Providencia, were proved to be slime 

producer microorganisms (Farrag, et al., 2002). Farrag, et al., (2002), Salama, (2004) and 

Marchese, et al., (2006), reported similar results about Candida tropicalis strains. Also this 

species was reported to be of higher capability for adherence than other Candida species 

(Salama, 2004). In general, microbial adherence is organism dependent and 

extrapolysaccharide production, as in Pseudomonas, enhances bacterial adhesion to catheters 

and other biomedical materials (Raad, 1998 and Hanna, et al., 2001). The absence or presence 

of adherent growth and biofilm formation, to any degree, was confirmed by scanning electron 

microscopy; where heavy growth showed cottony like appearance, a description used also by 

other investigators (Marrie and Costerton 1984; Farrag, 2001; Pruthi, et al., 2003 and Storti, et 

al., 2005).The  tested strains are able to grow and proliferate on the inner and outer surfaces of 

catheters in absence of any other externally supplied nutrients. The adherent cells were grown 

in clusters covering the entire surface of the catheter. Peters et al., (1982) reported that cell 

multiplication and increase in colony size, in absence of externally supplied nutrients, would 

seem possible only if the microbial cells are able to use some catheter components as a 

nutritional source. Bacterial adherence to catheter may depend in part on the nature of the 

biomaterial and that substances eluted from the catheters may affect the viability and growth 

of different microorganisms (Farrag, 2001). On examining the biofilm of Pseudomonas 

aeruginosa, Klebsiella Pneumoniae, Acinetobacter baummanii and Candida tropicalis, the 

surface was occluded by large numbers of adherent cells, which were embedded in a matrix 

consisting of exoplymeric cotton-like material of their own amorphous exopolysaccharides to 

form a thick adherent biofilm. Similar observations were recoreded by Salama, (2004).    

   

CONCLUSION  

Gram-negative rods are the main etiologies for central venous catheter related infections 

in Egyptian university hospitals. The increasing rates of antibiotic resistance among the isolates 

emphasize the importance of local surveillance programs to correctly guide empiric therapy. 

This study suggests the use of levofloxacin or carbapenem as empiric therapy until the accurate 

antibiogram for the infecting agents is performed. Biofilm formation on catheter surface can 

act as a nidus of blood stream infections in centrally catheterized patients. Further studies are 

recommended for prevention and elimination of microbial colonization on central venous 

catheters and catheter surfaces modification to interfere with growth and biofilm formation.   
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