
A lmost all bacteria have developed some type of
resistance against antibiotics.1  The importance

of antimicrobial resistance among nosocomial and
community-acquired pathogens is now appreciated
worldwide.2  Clinical microbiology has focused on
the problem of antimicrobial resistance for the last
decade.3  Antimicrobial surveillance have provided
important information on changes in the spectrum of
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ABSTRACT

microbial pathogens and trends in antimicrobial
resistance patterns in nosocomial and
community-acquired infections.2

Methods. Aerobic bacteria causing nosocomial
infections were included in this study according to
the criteria of the Centers for Disease Control and
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Objective: The aim of this study is to determine the
resistance patterns of bacteria causing nosocomial
infections.  The outcome of this resistance was followed
for 3 years.

Methods: This study was carried out during 2000 to
2002 at a university hospital in Turkey.  The resistance
patterns of 570 bacteria (390 Gram-negative, 180
Gram-positive) against meropenem, imipenem,
ceftazidime, cefotaxime, cefepime,
piperacillin/tazobactam, ciprofloxacin and tobramycin
were investigated using the E-test. Extended-spectrum
beta-lactamase (ESBL) production was determined using
ceftazidime and ceftazidime/clavulanic acid E-test strips.

Results: Meropenem was the most effective antibiotic
against Gram-negative organisms (89.0%); this was
followed by imipenem (87.2%) and
piperacillin/tazobactam (66.4%). The most active
antibiotic against Gram-positive bacteria was imipenem
(87.2%) and this was followed by

piperacillin/tazobactam (81.7%) and meropenem
(77.8%).  The rates of production of ESBL by
Escherichia coli were 20.9%, Klebsiella pneumoniae
50% and Serratia marcescens were 46.7%.
Extended-spectrum beta-lactamase production increased
each year (21.7%, 22.1% and 45.5%).  All of the ESBL
producing isolates were sensitive to meropenem and
98.5% sensitive to imipenem.  AmpC beta-lactamase was
produced by 20.9% of the Enterobacter species spp,
Citrobacter spp. and Serratia marcescens.  All of these
were sensitive to meropenem and 77.8% to imipenem and
ciprofloxacin.  Multi-drug resistance rates in
Acinetobacter spp were 45.4% and 37.7% in
Pseudomonas aeruginosa  isolates.

Conclusion: As in the entire world, resistance to
antibiotics is a serious problem in our country. Solving of
this problem depends primarily on prevention of the
development of resistance.
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Table 1  - Species and number of Gram-positive and Gram-negative bacteria according to the year.

Micro-organisms

Gram-negative bacteria
Escherichia coli
Klebsiella spp
Acinetobacter spp
Pseudomonas aeruginosa
Others*

Total

Gram-positive bacteria
Staphylococci
Enterococci
Streptococci

Total

n

  25
  27
  25
  27
  28

 
132

25
14
  9

48

(%)

     (18.9)
     (20.4)
     (18.9)
     (20.4)
     (21.2)

(100)

     (52.1)
     (29.2)
      (18.7) 

(100)

n

  29
  29
  30
  14
  24

126

33
25
  7

65

(%)

  (23)
  (23)

     (23.8)
     (11.1)

  (19)

(100)

      (50.8) 
      (38.5) 
      (10.8) 

(100)

*Enterobacter spp. (21), Serratia spp. (15), Proteus spp. (14), Citrobacter spp. (7), Pseudomonas vesicularis (5), Morganella morganii (3),
Salmonella spp. (2), Aeromonas veronii (2), Providencia rettgeri (2),  Hafnia alvei (1).

ceftazidime ≥32 mg/L,  piperacillin/tazobactam
≥128/4 mg/L, ciprofloxacin ≥4 mg/L and
tobramycin ≥16 mg/L. Methicillin-resistant
Staphylococci, Enterococcus faecium and
Stenotrophomonas maltophilia known to be
resistant to carbapenems were not included in the
study. Control strains included Staphylococcus
aureus ATCC 29213, E. coli ATCC 25922, P.
aeruginosa ATCC 27853 and 3 K. pneumoniae spp
(1951-high level ESBL producers, 1204-moderate
level ESBL producers and 911-non-ESBL
producers).

Results. In this study, the most Gram-negative
organisms were E. coli (22%), Klebsiella spp
(22%), Acinetobacter spp (19.7%) and P.aeruginosa
(17.7%) and Gram-positives were Staphylococci
(41.7%), Enterococci (37.8%) and Streptococci
(20.5%) (Table 1).  The most effective antibiotic
against Gram-negative bacteria was meropenem
(89.0%), followed by imipenem (87.2%) and
piperacillin/tazobactam (66.4%) (Table 2). All
Klebsiella spp. were sensitive to carbapenems.  As
for E. coli, all were sensitive to imipenem and an
average of 98.8% to meropenem (100% in 2000 and
2002; and 96.5% in 2001).  Resistant bacteria such
as Acinetobacter spp. and Pseudomonas spp. were
most sensitive to meropenem (79.2%) and to
piperacillin/tazobactam (84.1%) (Table 3 and
*Appendix 1). The antibiotic sensitivities of the
isolates tested (cumulative percentage inhibition at
MIC) are shown in *Appendix 1.  The MIC50 and
MIC90 values of Gram-negative bacteria are shown

Prevention.4,5  For this purpose, during a period of
3-years, each year approximately 200 bacteria were
collected (180 Gram-positives and 390
Gram-negatives making a total of 570 isolates).
Their antibiotic sensitivity patterns were evaluated
using the E-test (AB-BIODISK, Solna, Sweden).
Conforming to National Committee for Clinical
Laboratory Standards (NCCLS)6 proposals the
E-test was performed on Mueller Hinton agar and
the results were evaluated according to the NCCLS
criteria.  The percentage of the resistant bacteria was
expressed as the sum of the percentages of resistant
and moderately resistant isolates.

In the establishment of ESBL production by
Klebsiella pneumoniae (K. pneumoniae), Klebsiella
oxytoca (K. oxytoca) and Escherichia coli (E. coli)
strains, since the minimum inhibitory concentration
(MIC)  of ceftazidime is ≥ 2 mg/L, the criteria was
an 8-fold decrease in the MIC of ceftazidime with
an additional of 4 mg/L clavulanic acid.6,7

Enterobacter spp, Citrobacter spp and Serratia
marcescens (S. marcescens) have been reported to
be potential AmpC producers.  Also, Morganella
morganii and Providencia spp are included in the
AmpC producers.  High levels of resistance against
ceftazidime, cefotaxime and piperacillin/tazobactam
were interpreted as evidence of AmpC production.7

Multi-drug resistance (MDR) isolates,
particularly Acinetobacter spp and Pseudomonas
aeruginosa (P. aeruginosa), were organisms
resistant to 3 or more antibiotic groups.  In this case,
the MIC values taken as criteria for carbapenems
(meropenem or imipenem, or both) was ≥16 mg/L,

n

  32
  30
  22
  28
  20

132

  17
  29
  21

  67

(%)

     (24.2)
     (22.7)
     (16.7)
     (21.2)
     (15.2)

(100)

     (25.4)
     (43.3)
     (31.3)

(100)

n

  86
  86
  77
  69
  72

390

  75
  68
  37

180

(%)

   (22) 
   (22) 

      (19.7) 
      (17.7) 
      (18.5) 

(100)

       (41.7)  
     (37.8)
     (20.5)

(100)

2000 2001 2002 Total

*The full text including Appendix 1 is available in PDF format on Saudi Medical Journal website (www.smj.org.sa)
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Table 2  - Antibiotic susceptibility of Gram-negative bacteria according to the year.

Antibiotics

Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam
Ciprofloxacin  
Tobramycin

N=132
%

91.7
88.6
66.7
58.3
72.0
77.3
66.7
65.2

MIC - minimum inhibitory concentration

2000 Total
N=390N=126

%

86.5
87.3
55.6
54.0
63.5
69.0
67.5
63.5

2001
N=132

%

88.6
85.6
50.8
35.6
51.5
53.0
59.8
56.1

2002
N=390

%

89.0
87.2
57.7
49.2
62.3
66.4
64.6
61.0

Total

MIC50

       0.064
     0.38

4
12 
 2
 4

        0.125
    1.5

MIC90

   6
  32
256
256
256
256
  32
256

Table 3  - Species, antibiotic susceptibility  (S) and MIC50, MIC90 values of Gram-negative bacteria according to the year.

n

25

27

25

27

2000
   MIC50

    0.12
    0.19
    0.064
    0.19
    1.5
    0.064

    0.19
    2   

    0.016
    0.19
    0.5
    0.032
    1.5
    0.38

    0.38
    3  

 

    0.5
    0.75
256
  32  
    3
  48

  32
256

    0.019
    1
    1
  12
    1.5
    3

    0.125
    1

  MIC90

    0.047
    0.38
    4
256
  24
  32

  32
  16

    0.064
    0.25
256
256
  48
256

  32
128

  16
  32
256
256
256
256

  32
256

  32
  32
256
256
256
  32

  32
256

S
(%)

100
100
  92
  85
  85
  85

  52
  85

100
100

     74.1
     66.7
     81.5

 75

    85.2
    55.5 

    80.0
    72.0
    16.0
    20.0
    36.0
    36.0

    28.0
    52.0

    77.8
    74.1
    70.4
    37.0
    70.4
    96.3

    70.4
    59.2

n

29

29

30

14

2001
   MIC50

    0.023
    0.19
    0.125
    0.064
    0.047
    2

    0.094
    1

    0.064
    0.25
  24
  24
    4
  16

    0.125
  24

    1
    0.75
  32
256
  48
  16  

    1
    1.5

    6
    4
    6
256
  12
  16

  32
256

  MIC90

    0.064
    0.75
  64
256
  32
256

  32
  32 

    0.125
    0.75
256
256
256
256

32
256

  32
  32
256
256
256
256

  32
256

  32
  32
256
256
256
256

  32
256

S
(%)

    96.5
100

      82.7 
     82.7
     89.6
     89.6

     69.0
     75.9

100
100

     27.6
     48.3
     55.2
    55.2

     72.4
     44.8

     73.3
     73.3
     33.3
     23.3

  30
  50

  60
    66.7

    42.8
50

    57.1
      7.1
    35.7
    64.3

    21.4
    28.6

n

32

30

22

28

2002
   MIC50

    0.023
    0.25
    1
    1
    2
  32

    4
    1.5

    0.032
    0.25
  64
  96
    2
  32

    0.047
  16

    0.5
    0.5
  64
256
  32
256

  32
    0.75

    2
    3
    3
256
    8
  16

    0.25
  16

  MIC90

    0.19
    0.38
256
256
256
256

  32
  64

    0.125
    0.38
256
256
256
256

  20
256

    6
    6
256
256
256
256

  32
  32

  32
  32
256
256
256
256

  32
256

S
(%)

100
100

     71.9
  50

    53.1
    43.7

    46.9
    62.5

100
100

    43.3
    46.7
    53.3
    46.7

    66.7
    46.7

    86.4
    86.4
    18.2
     22.7
    16.7
    27.3

    45.4
     86.4

     64.3
     57.1
    60.7
    10.7

 50
    82.1

    57.1
    46.4

n

86

86

77

69

Total
   MIC50

    0.016
    0.19
    0.25
    0.125
    0.125
    2

    0.125
 1.5

    0.032
    0.25
  12
    6
    1.5
    8

    0.047
    8

    0.75
    0.75
  48
256
  48
256

    8
    1.5

    0.75
    2
    4
  64
    6
  12

    0.25
  16

  MIC90

    0.094
    0.38
  64
256
256
256

  32
  32

    0.125
    0.38
256
256
256
256

  32
256

  32
  32
256
256
256
256

  32
256

  32
  32
256
256
256
256

  32
256

S
(%)

     98.8
100

     81.4
     70.9
     74.4
     70.9

     55.8
     73.3

100
100

     47.7
     53.5
     62.8
     59.3

     74.4
     48.8

     79.2
    77.9
    24.7
    22.0
    31.2
    39.0

    45.5
    67.5

    65.2
    62.3
    63.8

     20.3 
    55.1
    84.1

    55.0
    46.4

Species and
antibiotics
susceptibility

Escherichia coli
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/
Tazobactam
Ciprofloxacin  
Tobramycin

Klebsiella spp      
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/
Tazobactam
Ciprofloxacin  
Tobramycin

Acinetobacter spp

Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/
Tazobactam
Ciprofloxacin  
Tobramycin

Pseudomonas
aeruginosa

Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/
Tazobactam
Ciprofloxacin  
Tobramycin
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for E. coli was 0.094 and Klebsiella spp was 0.125
and this was followed by imipenem with a MIC90 of
0.38 for both organisms. The highest levels of
resistance were seen in E.coli spp. (44.2%) against
ciprofloxacin and in Klebsiella spp. (52.3%) against
ceftazidime. Fontana et al12 reported that in their
study, meropenem was 8-fold more active against
Enterobacteriaceae as compared to imipenem and 4
to 8-fold more active compared to ceftazidime.

In other similar studies, carbapenems were found
to be the most effective antibiotics against
Acinetobacter isolates that are known to be more
resistant than Enterobacteriaceae. In these studies,
the sensitivity rates of Acinetobacter spp. were
78-81%, 79.6-82.2%, 88.1-89.3% and 84-86%.13-16

In previous studies in our country, the carbapenems
were found to be the most effective antibiotics.17,18

Our Acinetobacter isolates had a higher pattern of
resistance.  While the most effective antibiotics
were meropenem (79.2%) and imipenem (77.9%);
and cefotaxime (78%) was the antibiotic with the
highest level of resistance (Table 3).  In 4 different
studies involving several European countries, the
most effective antibiotics against P.aeruginosa in
one of the studies were meropenem and
piperacillin/tazobactam.  In another studies,
carbapenems (65-82%) were more effective.   In the
third study, meropenem (76.1%) and imipenem
(68.2%) were the most effective and in the fourth
study, piperacillin/tazobactam (85%) and
meropenem (84%).10,11,14,19  In a study in the United
States of America (USA), the most effective
antibiotics against P. aeruginosa were meropenem,
tobramycin and piperacillin/tazobactam; in a
Brazilian study carbapenems, cefepime and
piperacillin/tazobactam; and in the Philippines,
piperacillin/tazobactam.8,13,20  The most effective
antibiotics against P. aeruginosa isolated in Mexico,
Brazil and USA were piperacillin/tazobactam
(81%), ceftazidime (79%) and meropenem (77%).
The most resistant P. aeruginosa in these 3
countries were isolated in Brazil.  In Brazil, the
most effective antibiotics were
piperacillin/tazobactam (71%) and meropenem
(70%).2  In our study, the most effective antibiotic
was piperacillin/tazobactam (84.1%) followed by
meropenem (65.2%) and ceftazidime (63.8%).
Cefotaxime was the least effective antibiotic
(20.3%) (Table 3). When the yearly resistance
patterns of Gram-negatives were taken into account,
development of the highest level of resistance was
found in the cephalosporins (ceftazidime,
cefotaxime and cefepime) and
piperacillin/tazobactam (Table 2).

Various studies reported that the most effective
antibiotics were carbapenems against Gram-positive
organisms such as Gram-negatives.8,919,21 The
effectiveness of carbapenems on

in Table 3.  The antibiotic with lowest MIC90 for E.
coli (0.094) and Klebsiella spp  (0.125) was
meropenem;  this was followed by imipenem (0.38
for both).   When we compared the MIC50 values of
Gram-negative bacteria, the antibiotics with lowest
MIC50 were meropenem against E. coli and
Klebsiella spp. (0.016 and 0.032),
meropenem=imipenem against Acinetobacter spp.
(0.75) and ciprofloxacin against P. aeruginosa
(0.25).  The lowest MIC50 values were for
meropenem (0.064), ciprofloxacin (0.125) and
imipenem (0.38) to all Gram-negative organisms
(Table 2).

The most effective antibiotic against
Gram-positive bacteria was imipenem (87.2%)
followed by piperacillin/tazobactam (81.7%) and
meropenem (77.8%). The antibiotic with lowest
MIC50 for Gram-positive bacteria was imipenem
(0.25), followed by meropenem (0.5) and
ciprofloxacin (0.75) (Table 4). Species, antibiotic
susceptibility and MIC50, MIC90 values of Gram-
positive bacteria are shown in Table 5.

Discussion. Carbapenems are the most
effective antibiotics with the lowest MICs against
both Gram-negative and Gram-positive
organisms.2,8,9  In our study, meropenem was the
most effective antibiotic Gram-negative organism
(89%), this was followed by imipenem (87.2%),
piperacillin-tazobactam (66.4%), ciprofloxacin
(64.6%), cefepime (62.3%), tobramycin (61%),
ceftazidime (57.7%) and cefotaxime (49.2%) (Table
2). The most active antibiotic against Gram-positive
bacteria was imipenem (87.2%), and this was
followed by piperacillin/tazobactam (81.7%),
meropenem (77.8%), ciprofloxacin (61.7%),
cefepime (54.4%), cefotaxime (53.9%), tobramycin
(49.4%) and ceftazidime (31.1%) (Table 4). These
percentages are in accordance with those reported in
the literature but are somewhat lower.  Cefotaxime
(49.2%) showed <50% activity against
Gram-negatives and tobramycin (49.4%) and
ceftazidime (31.1%) against Gram-positives. This
shows us that we are confronted with a serious
resistance problem.

In a similar study including 10 European
countries, the most effective antibiotics against K.
pneumoniae was found to be the carbapenems
(98-100%).10  In another study which included 25
European countries, E. coli isolates were found to
be 100% sensitive to carbapenems.11   The results of
these studies were comparable to our studies in that
all of the Klebsiella spp. were sensitive to
meropenem and imipenem. Of the E. coli isolates,
100% were sensitive to imipenem and 98.8% were
sensitive to meropenem (only one isolate in 2001
was resistant). Meropenem had a lower MIC90 value
than imipenem (Table 3).  The MIC90 of meropenem
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Table 4  - Antibiotic susceptibility and MIC50,  MIC90 values of Gram-positive according to the year.

Antibiotics

Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam
Ciprofloxacin  
Tobramycin

N=48
%

83.3
91.7
43.8
62.5
60.4
85.4
68.8
54.2

MIC - minimum inhibitory concentration

2000 Total
N=180N=65

%

75.4 
89.2
23.1
55.4
52.3
81.5
67.7
63.1

2001
N=67

%

76.1
82.1
29.9
46.3
52.2
79.1
50.7
 32.8

2002
N=180

%

77.8
87.2
31.1
53.9
54.4
81.7
61.7
49.4

Total

MIC50

    0.5
      0.25

48
  6
  4

     1.5
       0.75

   6 

MIC90

  32
  32
256
256
256
256
  32
256

Table 5  - Species, antibiotic susceptibility and MIC50, MIC90 values of Gram-positive  bacteria.

Susceptibility    MIC50

           0.064
           0.032

    8
       1.5
       1.5

    1
         0.19
         0.38

           0.125
           0.047

      12    
       1.5
       1.5

         0.75
           0.125
         0.19

     2 
         0.75

256
256
256
    3

       1.5
  24

       0.5
       0.5

128
  12
  12
    3
    1
  48
   

  MIC90

  1
         0.125

256 
 12
   4
 48
 16
 16

   1
        0.25

 64
   6
   8
   3
   4
   8

  32
    2
256
256
256
256
  32
256

  32
  32
256
256
256
256
  32
256

n

41
42
26
39
40
39
37
37

28
29
13
28
28
29
23
26

50
63
  2
12
12
58
30
17

22
23
15
18
18
21
21
  9

Species and antibiotics susceptibility

Staphylococcus aureus (44)
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam   
Ciprofloxacin  
Tobramycin

Coagulase-negative Staphylococci  (N=31) 
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam
Ciprofloxacin  
Tobramycin

Enterococci (N=68)   
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam
Ciprofloxacin  
Tobramycin

Streptococci (N=37)
Meropenem    
Imipenem
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam
Ciprofloxacin  
Tobramycin

  (%)

(93.2)
(95.5)
(59.1)
(88.6)
(90.9)
(88.6)
(84.1)
(84.1)

(90.3)
(93.5)
(41.9)
(90.3)
(90.3)
(93.5)
(74.2)
(83.9)

(73.5)
(92.6)
  (2.9)
(17.6)
(17.6)
(85.3)
(44.1)
(25.0)

(59.5)
(62.2)
(40.5)
(48.6)
(48.6)
(56.8)
(56.8)
(24.3)
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percentage of potential AmpC producers (Serratia
spp., Enterobacter spp. and Citrobacter spp.) was
20.9%. The efficacy of meropenem against these
AmpC producing isolates was 100%; that of
ciprofloxacin and imipenem 77.8%; and that of
cefepime 66.7%.  The studies in 1998 to 1999  was
shown that the MDR isolates of P. aeruginosa are a
serious problem in Turkey.10  In our study that was
carried out between 2000 and 2002, the percentage
found to be 37.7% in P. aeruginosa and 45.5% in
Acinetobacter isolates. These high percentages
suggest that the MDR isolates are still a problem in
our country.

Antibiotic resistance is alarmingly high in some
countries but much lower in others.  However, this
continues to be a global problem. The incorrect and
indiscriminate use of antibiotics will increase this
problem. Surveillance studies in each country and
even in each hospital will show how to carry out
empiric treatment and will help to control and
prevent infections caused by resistant organisms. 

References

  1. Turner PJ. MYSTIC (Meropenem Yearly Susceptibility
Test Information Collection) Program a global overview. J
Antimicrob Chemother  2000; 46: 9-23.

  2. Pfaller MA, Jones RN. For the MYSTIC Study Group
(Americas) results from the Americas resistance
implications in the treatment of serious. J Antimicrob
Chemother 2000; 46: 25-37.

  3. Jones RN. MYSTIC Advisory Board Detection of emerging
resistance patterns within longitudinal surveillance systems:
data sensitivity and microbial susceptibility between
countries and center types. J Antimicrob Chemother 2000;
46: 1-8.

  4. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM.
CDS definitions for nosocomial infections. Am J Infect
Control  1988; 16: 128-140.

  5. Horan TC, Gaynes RP, Mortane WJ, Jarvis WR, Emori TG.
CDC definitions of nosocomial surgical site infections,
1992: a modification of CDC defitinitons of surgical wound
infections. Am J Infect Control  1992; 20: 271-274.

  6. National Committee for Clinical Laboratory Standards
(NCCLS). Performance standard for antimicrobial
susceptibility testing. Eleventh informational Supplement.
Document M100-S11.  Wayne (PA): NCCLS; 2001

  7. David M, Livermore-Derek FJ, Brown DF. Detection of
b-lactamase-mediated resistance. J Antimicrob Chemother
2001; 48: 59-64.

  8. Mendes C, Hsiung A, Kiffer C, Oplustil C, Sinto S,
Mimical I et al. Evaluation of the in vitro activity of 9
antimicrobials against bacterial strains isolated from
patients in intensive care units in brazil: MYSTIC
Antimicrobial surveillance Program.  Braz J Infect Dis
2000; 4: 236-244.

  9. Goossens H. MYSTIC (Meropenem Yearly Susceptibility
Test Information Collection) results from Europe:
comparison of antibiotic susceptibilities between countries
and centre types.  J Antimicrob Chemother 2000; 46:
39-52.

10. Goossens H, MYSTIC Study Group (Europe). MYSTIC
program: summary of European data from 1997 to 2000.
Diagn Microbiol Infect Dis 2001; 41: 183-189.

methicillin-sensitive Staphylococcus isolates was
found to be 97-99%, 98-100% and 100%.10,1319   In
our study, the most effective antibiotic against
Gram-positive bacteria was imipenem (87.2%)
followed by piperacillin/tazobactam (81.7%) and
meropenem (77.8%). Between 2001 and 2002,
yearly increase in resistance against ciprofloxacin
and, in particular, against tobramycin was
noticeable (Table 4).   Imipenem (94.7%) and
meropenem (92.0%) were most active antibiotics
against methicilline-sensitivite Staphylococci (S.
aureus and coagulase-negative Staphylococci) and
the least effective antibiotic against them was
ceftazidime (52%). When we considered the
sensitivities of Streptococci and Enterococci (E.
faecalis) isolates, it is very clear that we face a
serious problem of resistance.  The most effective
antibiotics against  Streptococci were imipenem
(62.2%) and meropenem (59.5%); and with the least
effective antibiotic being tobramycin (24.3%).  The
most effective antibiotics against Enterococci
isolates were imipenem (92.6%),
piperacillin/tazobactam (85.3%) and meropenem
(73.5%). Ceftazidime was the least effective
antibiotic (2.9%) (Table 5).   In previous studies in
Turkey, the percentages of ESBL producers were
19.5% and 50% and in Russia was 28%.10,22,23  In an
extensive study that also included these 2 countries,
the percentages of ESBL producing organisms were
found to be 27.9-39.6% in Turkey, Russia and Italy
but were much lower in other European countries
(2.5-10.8%).14   The percentage of ESBL producers
was found to be 58.9% in 10 centers in India  and
1.8-10.7 in Canada and USA.24,25    In various studies,
the percentages of E. coli isolates producing ESBL
were 6.7%, 10.1%, 14.6%, 16.7%, 23.3% and
27.8-33.9%.8,26-30  In Klebsiella isolates, these
percentages were 21.7%, 25.7%, 30%, 33.3%,
47.3%, 41.7-46.7% and 59.2% in other countries
and 50% and 60% in Turkey.8,23,26-32   In our study, the
average percentage of ESBL producing isolates was
36.4% for E. coli, Klebsiella spp. and S. marcescens
combined; but 20.9% for E.coli and 50% for K.
Pneumoniae and 46.7% for S.marcescens.
Carbapenems have been reported to be the most
effective antibiotics against ESBL producers.20,27,32,33

In our study, meropenem was 100% effective
against these isolates and imipenem was 98.5%.
The percentages of pathogens producing AmpC
were reported to be 47% in Russia and 16.8-55.4%
in a study including 29 European countries.10,14   In
the Philippines, Citrobacter spp. (29.2%) and
Enterobacter spp (45.8%)  produce AmpC; this
percentage was 10.5-31.4% in Enterobacter spp.,
Serratia spp. and Citrobacter spp. in Colombia and
10-37% in Venezuela.25,27,28   It has been reported
that the most effective antibiotics against AmpC
producers were carbapenems (95.7-100%) and
cefepime (89-98.9%).20,29,34    In our study, the

       
 1408     Saudi Med J 2004; Vol. 25 (10) www.smj.org.sa    



Antibiotic susceptibilities of pathogens causing nosocomial  infections ... Yaman et al

24. Jones RN, Rhomberg PR, Varnam DJ, Mathai D. A
comparison of the antimicrobial activity of meropenem and
selected broad-spectrum antimicrobials tested against
multi-durg resistant Gram-negative bacilli including
bacteraemic Salmonella spp.: Initial studies for the MYTIC
programme in India. Int J Antimicrob Agents 2002; 20:
426-431.

25. Jones RN, Jenkins SG, Hoban DJ, Pfaller MA, Ramphal R.
In vitro efficacy of six cephalosporins tested against
Enterobacteriaceae isolated at 38 North American medical
centres participating in the SENTRY Antimicrobial
Surveillance Program, 1997-1998. Int J Antimicrob Agents
2000; 15: 111-118.

26. Sader HS, Jones RN, Andrade-Baiocchi S, Biedenbach DJ.
SENTRY Participants. Four-year evaluation of frequency
of occurrence and antimicrobial susceptibility patterns of
bacteria from bloodstream infections in Latin American
medical centers. Diagn Microbiol Infect Dis 2002; 44:
273-280.

27. Bell JM, Turnidge JD, Gales AC, Pfaller MA, Jones RN;
Sentry APAC Study Group. Prevalence of extended
spectrum beta-lactamase (ESBL)-producing clinical isolates
in the Asia-Pasific region and South Africa: regional results
from SENTRY Antimicrobial Suveillance Program
(1998-99). Diagn Microbiol Infect Dis 2002; 42: 193-198.

28. Biedenbach DJ, Johnson DM, Jones RN. In vitro evaluation
of cefepime and other broad-spectrum beta-lactams in
Taiwan medical centers. The Taiwan Antimicrobial
Resistance Study Group.  Diagn Microbiol Infect Dis
1999; 35: 299-305.

29. Lewis MT, Biedenbach DJ, Jones RN. In vitro evaluation of
cefepime and other broad-spectrum beta-lactams bacteria
from Indonesian medical centers. The Indonesia
Antimicrobial Study Group. Diagn Microbiol Infect Dis
1999; 35: 285-290.

30. Pfaller MA, Jones RN, Doern GV, Salazar JC. Multicenter
evaluation of antimicrobial resistance to six broad-spectrum
beta-lactams in Colombia: comparison of data from 1997
and 1998 using the E-test method. The Colombian
Antimicrobial Resistance Study Group. Diagn Microbiol
Infect Dis 1999; 35: 235-241.

31. Pfaller MA, Jones RN, Doern GV. Multicenter evaluation
of the antimicrobial activity for six broad-spectrum
beta-lactams in Venezuela: comparison of data from 1997
and 1998 using the E-test method. Venezuelan
Antimicrobial Resistance Study Group. Diagn Microbiol
Infect Dis 1999; 35: 153-158.

32. Aktas E, Yigit N, Yazgi H, Ayyıldız A. Detection of
antimicrobial and extended-spectrum beta-lactamase
production in Klebsiella pneumoniae strains from infected
neonates. J Int Med Res 2002; 30: 541.

33. Johnson DM, Biedenbach DJ, Jones RN. Potency and
antimicrobial spectrum update for piperacillin/tazobactam
(2000): emphasis on its activity against resistant organism
populations and generally untested species causing
community-acquired respiratory tract infections. Diagn
Microbiol Infect Dis 2002; 43: 49-60.

34. Pfaller MA, Jones RN, MYSTIC Study Group (Europe).
Antimicrobial susceptibility  of inducible AmpC
beta-lactamase-producing Enterobacteriaceae from the
Meropenem Yearly Susceptibility Test Information.
Collection (MYSTIC) Programmed, Europe 1997-2000. Int
J Antimicrob Agents 2002; 19: 383-388.

11. Fluit AC, Verhoef  J, Schmitz FJ, European SENTRY
Participants. Frequency of isolation and antimicrobial
resistance of gram-negative and gram-positive bacteria
from patients in intensive care units of 25 European
university hospitals participating in the European arm of the
SENTRY antimicrobial Surveillance Program 1997-1998.
Eur J Clin Microbiol Infect Dis 2001; 20: 617-625.

12. Fontana R, Lo Cascio G, Giacobone E, Romero E, Cipriani
P, Sessa R, et al. Resistance surveillance in Italy: four-year
results from the MYSTIC program. J Chemother 2002; 14:
323-331.

13. Pfaller MA, Jones RN, Biedenbach DJ, MYSTIC Study
Group (Europe). Antimicrobial resistance trends in medical
centers using carbapeneme: report or 1999 and 2000 results
from the MYSTIC program (USA). Diagn Microbiol Infect
Dis 2001 ; 41:177-182.

14. Garcia-Rodriguez JA, Jones RN, MYSTIC Programme
Study Group. Antimicrobial resistance in gram-negative
isolates from European intensive care units: data from the
Meopenem Yearly Susceptibility Test Information
Collection (MYSTIC) programme. J Chemother 2002; 14:
25-32.

15. Sader HS, Gales AC, Pfaller MA, Mendes RE, Zoccoll C,
Barth A, et al. Pathogen frequency and resistance patterns
in Brazilian hospitals: summary of results from three years
of the SENTRY Antimicrobical Surveillance Program.
Braz J Infect Dis 2001; 5: 200-214.

16. Aksaray S, Dokuzoguz B, Guvener E, Yucesoy M, Yulug
N, Kocagoz S, et al. Surveillance of antimicrobial
resistance among Gram-negative isolates from intensive
care units in eight hospitals in Turkey. J Antimicrob
Chemother 2000; 45: 695-699.

17. Turner PJ, Greenhalgh JM, The MYSTIC Study Group
(Europe). The activity of meropenem and comparators
against Acinetobacter strains isolated from European
hospitals, 19007-2000. Clin Microbiol Infect 2003; 9:
563-567.

18. Gunseren F, Mamikoglu L, Ozturk S, Yucesoy M,
Biberoglu K, Yulug N, et al. A surveillance study of
antimicrobial resistance of Gram-negative bacteria isolated
from intensive care units in eight hospital in Turkey. J
Antimicrob Chemother  1999; 43: 373-378.

19. Mendes C, Turner PJ, MYSTIC Study Group (Europe).
Unit differences in pathogen occurrence arising from the
MYSTIC program European database (1997-200). Diagn
Microbiol Infect Dis 2001; 41: 191-196.

20. Johnson DM, Biedenbach DJ, Jones RN. In vitro evaluation
of broad-spectrum beta-lactams in the Philippines medical
centers: role of fourth-generation cephalosporins. The
Philippines Antimicrobial Resistance Study Group. Diagn
Microbiol Infect Dis 1999; 35: 291-297.

21. Goossens H.  MYSTIC (Meropenem Yearly Susceptibility
Test Information Collection) results from Europe:
comparison of antibiotic suspectibilities between countries
and centre type. MYSTIC Study Group (European centres
only).  J Antimicrob Chemother  2000; 46: 39-52.

22. Kocazeybek BS. Antimicrobial resistance surveillance of
gram-negative bacteria ısolated from intensive care units of
four different hospitals in Turkey. Evaluation of the
prevalence of extended-spectrum and inducible
beta-lactamases using different E-test strips and direct
induction methods. Chemother 2001; 47: 396-408.

23. Leblebicioglu H, Gunaydin M, Esen S, Tuncer I, Findik D,
Ural O, et al. Surveillance of antimicrobial resistance in
gram-negative isolates  from intensive care units in Turkey:
analysis of data from the last 5 years.  J Chemother  2002;
14: 140-146.

       
        www.smj.org.sa Saudi Med J 2004; Vol. 25 (10)   1409



Antibiotic susceptibilities of pathogens causing nosocomial  infections ... Yaman et al

Appendix 1  - Antimicrobial activity of antibiotics tested against Gram-negative and Gram- positive isolates.

Cumulative percentage inhibition at minimum inhibitory concentration (MIC) (mg/L)

Staphylococcus aureus (N=44)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam   
Tobramycin

Coagulase Negative 
Staphylococci (31)

MIC
Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Cefotaxime 
Cefepime
Piperacillin/Tazobactam   
Tobramycin

Streptococci (37)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime

Enterococci (68)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime

Escherichia coli (86)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime

Klebsiella spp (86)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime

Acinetobacter spp  (77)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime

Pseudomonas aeruginosa  (69)
MIC

Meropenem 
Ciprofloxacin
Imipenem

MIC
Ceftazidime
Piperacillin/Tazobactam
Tobramycin
Cefotaxime 
Cefepime
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