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Abstract

Background: Infections due to gram-negative bacilli are common in cancer pa-
tients during aggressive therapy. The presented study determined the microbial
spectrum and antimicrobial susceptibility of gram-negative bacteria isolated from
various infection sites in hospitalized cancer patients in Egypt.
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Methods: A total of 343 samples were collected from cancer patients. The microbial
spectrum of bacteria isolated from various infection sites was determined with full
characterization of isolated microorganisms, quantitative and qualitative determina-
tion of antimicrobial susceptibility patterns of isolates to the most frequently used
antimicrobial agents using Microscan PID, Microscan WalkAway Systems and manual
methods.

Results: From Out of 343 gram-negative isolates collected from different clinical
specimens Escherichia coli were the most frequent isolates (30%) followed by Pseu-
domonas aeruginosa (24.5%) then Acinetobacter baumannii/haemolyticus (18.7%). Aci-
netobacter baumannii/ haemolyticus was the main isolated gram-negative bacteria
from blood sputum and throat. The most frequent gram-negative bacteria isolated
from skin infection, urine and stool were Escherichia coli. Isolates of Escherichia coli,
Klebsiella, Enterobacter, Pseudomonas and Acinetobacter species were resistant to
most of the tested antibiotics including non-3-lactam antibiotics such as aminogly-
cosides (gentamicin) and quinolones (ciprofloxacin, levofloxacin).

Conclusion: This is the first comprehensive study to report the evolution of resis-
tance to imipenem and simultaneous resistance to cefotaxime and ceftazidime with
alarming rates in to Acinetobacter species, Enterobacter, Klebsiella and Pseudomonas
species. Policies restricting antibiotic consumption should be implemented to avoid
the evolution of resistance against newer generations of antibiotic.

bacteriaceae cause approximately 65% to 80% of documented
gram-negative infections in cancer patients [4-7]. Pseudomo-
nas aeruginosa was also associated with significant morbidity
and mortality in immune compromised patients [1].This severe
risk of bacterial infection, coupled with the insensitivity of di-
agnostic tests and delays in the identification of pathogens,
warrants the immediate empiric administration of broad-spec-
trum antibiotics [8].

Introduction

Infection is a continuous and significant problem in cancer due
to both direct and indirect effect on a patient’s immune sys-
tem. Many factors increase the susceptibility of immunosup-
pressed cancer patients to infection, such as neutropenia dur-
ing aggressive therapy, altered gut flora because of frequent
antibiotic administration, disruption of skin and damage of

epithelial surfaces by cytotoxic agents [1-3].
Currently the initial selection of an antibiotic regimen is based

Infections due to gram-negative bacilli are common in cancer
patients during aggressive therapy [4]. In recent years, there
has been marked increase in the incidence of antibiotic resis-
tance against gram-negative bacilli [5-6]. Data from several
large surveillances studies conducted at major cancer centers
both in the United States and Europe indicated that Entero-
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on the types of organisms causing the infection in each in-
stitution, their susceptibility to antibiotics and the individual
characteristics of each patient. Although national guidelines
are available for the management of febrile children with
neutropenia, local microbiological epidemiology is more im-
portant when deciding the empiric antibiotic regimen for the
individual patient [9].
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The aims of the present study were to determine the micro-
bial spectrum of gram-negative bacteria isolated from various
infection sites in hospitalized cancer patients. The spectrum
studied was not limited to the most common gram-negative
bacteria, but included less-frequent gram-negative bacteria as
well. Also, the resistance profiles of the isolated gram-negative
bacteria were examined. This study will help in assessment
of the new potent antibiotics and current resistance pattern
against antibiotics in use to treat cancer patients

Patients And Methods

Patient samples

Three hundred and forty three non-duplicate clinical speci-
mens were collected from patients at the National Cancer
Institute (Cairo, Egypt) during the period from March to June
2010. Demographic and clinical data were collected such as pa-
tient hospital number (ID number), gender, date of test, ward
of isolation and source of specimen. As a routine procedure in
the National Cancer Institute(Cairo, Egypt) if the patient has a
body temperature of more than 38°C or higher taken by mouth
and other symptoms that point to a certain organ, samples
will be taken to check for germs in that area. Symptoms of
an infection may include sore throat, cough, or shortness of
breath, nasal congestion, burning or pain when passing urine,
bloody or cloudy urine. Other symptoms included redness,
swelling, drainage, or warmth at the site of an injury, surgi-
cal wound, or vascular access device (VAD), or anywhere on
the skin including the genital and rectal areas, stiff neck and
sinus pain or headache. Several samples may be taken from
different suspected infection sites to certainly identify the site
of infection by microbiological diagnosis. Patients whom had
no evidence of infection on admission but developed signs of
infection after at least 2 days of hospitalization were selected.
Gram-negative isolates collected were from clinical specimens
from urine, sputum, pus, blood chest tube, broncho-alveolar
lavage (BAL), skin infection swabs, and throat swabs. Speci-
mens were cultured at 37°C on different media that included
macConkeys agar, nutrient agar, nutrient broth, mannitol salt
agar, trypticase soya agar and urea agar base. Ethical approval
to perform the study was obtained from the Egyptian Ministry
of Health and Population. Patient consent was obtained before
collection of specimens.

Microbial identification

Biochemical activities including oxidase test; glucose, lactose
and mannitol fermentation, indole production, gelatin lique-
faction, catalase activity, nitrate reduction, urease production,
H,S production, coagulase and pigment production were per-
formed for the identification of each isolate. We also used a
Microscan Negative Identification (PID) panel type 2 (NEG ID
Type 2) (Dade Behring, West Sacramento, USA) to confirm the
identification of gram-negative facultative bacilli. PID is an in
vitro diagnostic product that contains substrates conjugated
with fluorophores and substrates with a fluorescent pH indica-
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tor. AutoSCAn W/A, an automated panel processor equipped
with a fluorometer, reads the panels after 2 h of incubation
and can identify gram-negative facultative bacilli to the spe-
cies level[10].The system is based on reactions achieved with
34 pre-dosed substrates that are incorporated into the test
media to determine bacterial activity. The panel was reconsti-
tuted using a prompt inoculation system. Five Clinical Labora-
tory Standards Institute (CLSI) recommended quality control
strains, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Enterococcus faecalis ATCC 29212, and Escherichia
coli ATCC 35218 were included as QC strains.

Biochemical Tests

In each Microscan NEG ID Type 2, several biochemical tests
were performed. These included carbohydrate fermentation
tests, carbon utilization tests and specific tests such as Voges
Proskauer, nitrate reduction, Indole test, Esculine hydrolysis,
Urease test, Hydrogen Sulphide production test, Tryptophan
deaminase test, Oxidation-Fermentation test and oxidase test.

Reagents

For the Microscan NEG ID Type 2, reagents used were B1010-
45A reagent (0.5% N, N-dimethyl-1-naphthylamine), B1015-44
reagent (sulfanilic acid), B1010-42A reagent (5% a-naphthol),
B1010-93A reagent (40% potassium hydroxide), B1010-48A
reagent (10% ferric chloride), and B1010-41A reagent (Kovac’s
reagent).

Antimicrobial Susceptibility Tests

Antimicrobial susceptibility testing was performed by both au-
tomated and manual methods. The Microscan Negative Break
Point combo panel type 12 (NBPC 12) automated system was
used for antimicrobial susceptibility testing of gram-negative
isolates. The following antimicrobial agents were tested: ami-
kacin, amoxicillin/clavulanic acid, gentamicin, netilmicin, am-
picillin/sulbactam, ticarcillin, ticarcillin/clavulanic acid, piper-
acillin, piperacillin/tazobactam, aztreonam,cefazolin,cefotax
ime,cefotetan,cefoxitin,ceftazidime,ceftizoxime,ceftriaxone,c
efuroxime,cephalothin,cefepime,ciprofloxacin,gatifloxacin,le
vofloxacin,imipenem,meropenem,trimethoprim/sulfamethox
azole,tobramycin,ticarcillin, and tetracycline. Prompt Inocula-
tion system was used to inoculate the panels. Incubation and
reading of the panels were performed in the Microscan Walk-
Away System (Dade Behring) according to the manufacturer’s
suggested procedure. The Kirby-Bauer technique [11] (disc dif-
fusion method) was used to confirm resistant gram-negative
isolates. In accordance with clinical laboratory standards insti-
tute (CLSI) guidelines discs of several antimicrobial discs (Ox-
oid Ltd., Basin Stoke, and United Kingdom) were placed on the
surface of Muller-Hinton agar plates followed by incubation at
35°C. Reading of the plates was carried out after 24 hours us-
ing transmitted light by looking carefully for any growth within
the zone of inhibition. Quality control organisms were utilized
routinely to ensure accurate performance of the susceptibility
tests.
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Results

A total of 343 gram-negative isolates were collected. E. coli
was the main isolated gram-negative bacteria from all clinical
specimens (30%) followed by P. aeruginosa (24.5%) and by A.
baumannii/haemolyticus (18.7%) which was the main isolated
gram-negative bacteria from sputum and throat (35.1% and
34.6% respectively) (Table 1).

Blood stream infections caused by gram-negative bacteria
were mainly due to Acinetobacter species (27.5%) and P. aerugi-
nosa (23.5%). Skin infections were common in cancer patients.
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Escherichia coli accounted for (38.3%)of the total gram-nega-
tive bacteria isolated from skin infections followed by Pseu-
domonas species (29.4%).The most commonly isolated gram-
negative pathogens from urine were Escherichia coli (49.2%)
followed by A. baumannii/haemolyticus and Pseudomonas spe-
cies (15.3% each). The most commonly isolated gram-negative
pathogens from stool were E. coli and K. pneumoniae (66.7%
and 14.6% respectively) (Table 1)

A number of less-frequent gram-negative bacteria were iso-
lated and identified (Chromobacterium violaceum , Burkholderia
cepacia, Stenotrophomonas maltophilia, Yersinia pseudotubercu-
losis and Salmonella arizona).ln addition ,there was a low fre-

TABLE 1. The microbial spectrum of gram-negative bacteria in different clinical specimens.

Throat Chest Endotr .
b Sputum b acheal Pus Urine
Different S LN .
species
No. No. No. No No. No.
(%) (%) (%) (%) (%) (%)
Achromobacter 2 6 0 0 1 3
species(VD-1,2) (7.7) (8.1) (2.9 (5)
a9 om0 4
——— (34.6) (35.1) (33.3) (11.8) (15.3)
Acinetobacter 1 1
Iwofii (3.8) (1.4) 0 0 0 0
Acinetobacter 10 27 1 0 4 9
species(total) (38.5) (36.5) (33.3) (11.8) (15.3)
Enterobacter 1 1
aerogenes Y v Y Y (2.9) 1.7)
Enterobacter 0 4 1 0 2 1
cloacae (5.4) (33.3) (5.9) (1.7)
Enterobacter 1
sakazakii L (1.4) g L Y g
Enterobacter 0 5 1 0 3 2
species(total) 6.7) (33.3) (8.8) (3.4)
Escherichia 6 7 1 0 13 29
coli (23) (9.5) (33.3) (38.3) (49.2)
Klebsiella 4 13 0 0 3 7
pneumoniae (15.4) (17.6) (8.8) (11.8)
Pseudomonas 4 15 0 18 9 8
aeruginosa (15.4) (20.3) (100) (26.5) (13.6)
Pseudomonas 1
fuorescens 0 0 0 0 (2.9) 0
Pseudomonas 1
luteola Y v Y Y v (1.7)
Pseudomonas 1
orzihabitans & (1.4) g & g g
Pseudomonas 4 16 0 18 10 9
species(total) (15.4) (21.6) (100) (29.4) (15.3)
Total 26 74 3 18 34 59
(7.6) (21.6) (0.9) (5.2) 9.9) (17.2)
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Blood stool Swab drain ks BAL CSF total
man
No. No. No. No. No. No. No. No.
(%) (%) (%) (%) (%) (%) (%) (%)
4 5 1 ! 21
79 62 on m2 ° 0 0 ©1)
1 1 2 1 64
(21.6) 0 77 @22 (@25 0 0 (187)
3 5
(59) 0 0 0 0 0 0 (1.5)
14 1 2 1 69
(27.5) 0 77) (22 (@5 0 0 (20.1)
2 8
se 46 0 0 0 0 0 o
6 14
(11.8) 0 0 0 0 0 0 @)
1 2
(1.9) 0 0 0 0 0 0 0.6
9 4 24
a76) (83 0 0 0 0 0 7)
10 3 2 2 1 . . 103
(196)  (667) (154) (222 (25 (30)
2 7 2 38
39  (146) 0 (22.2) 0 0 0 (1)
12 2 9 2 2 . 3 84
235 @42 (692 (222  (50) (100)  (24.5)
1 2
0 0 0 0 0 (100) 0 0.6)
1
0 0 0 0 0 0 0 03)
1
0 0 0 0 0 0 0 03)
12 2 9 2 2 1 3 88
(235 42 (692 (222 (500  (100)  (100)  (25.7)
51 48 13 9 4 1 3 343
149 (14 38 (26 (2  ©03 (09 (100
3
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TABLE 2. The microbial spectrum of less frequent gram-negative bacteria in different clinical specimens.

Different species

Burkholderia cepacia
Cedecea davisae
Cedecea lapagei

Chromobacterium violaceum
Chryseobacterium indologenes
Citrobacter freundii complex
Enterococcus faecium
Escherichia vulneris
Haftnia alvei
Morganella morganii
Pasteurella-Actinobacillus species
Proteus mirabilis
Proteus penneri
Providencia alcalifaciens
Providencia rustigianii
Raoultella ornithinolytica
Salmonella choleraesuis
Salmonella typhi
Salmonella arizona
Serratia fonticola
Serratia marcescens
Serratia odorifera 1
Shigella sonnei
Shigella species
Stenotrophomonas maltophilia
Vibrio alginolyticus
Vibrio fluvialis
Yersinia pseudotuberculosis

Yokenella regensburgei

Total No.(%)

This article is available from: http://www.acmicrob.com

Throat
swab

No.

4
(6.6)

Sputum

No.

1

13
(21.3)
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Chest
tube

No.

2
(3.3)

7

(11.5)

urine

No.

1

14
(23)

blood

No.

1

10
(16.4)

stool

No.

10

(16.4)

drain

No.

1
(1.6)

2011
Vol. 2 No. 6:2
doi: 10:3823/243

total
No.(%)

2(3.3)

3(4.9)

2(3.3)

1(1.6)

1(1.6)

8(13.1)

1(1.6)

2(3.3)

1(1.6)

8(13.1)

1(1.6)

5(8.2)

1(1.6)

1(1.6)

1(1.6)

1(1.6)

2(3.3)

2(3.3)

2(3.3)

1(1.6)

1(1.6)

2(3.3)

1(1.6)

3(4.9)

3(4.9)

2(3.3)

1(1.6)

1(1.6)

1(1.6)

61
(100)
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TABLE 3. Antimicrobial Susceptibility of 69 Acinetobacter isolates.
Break Susceptibility % MIC ug/ml
Antibiotic Gl . | o wic wic

50 90
Amikacin 32 18.8 29 78.3 >32 >32

Amoxicillin/K clavulanate 16/8 13 8.7 78.3 >16/8 >16/8

Ampicillin/sulbactam 16/8 174 29 79.7 >16/8 >16/8
Ampicillin 16 7.2 5.8 87 >16 >16
Aztreonam 16 7.2 7.2 85.6 >16 >16
Cefazolin 16 4.3 0 95.7 >16 >16
Cefepime 16 14.5 0 85.5 >16 >16
Cefotaxime 16 8.7 7.2 84.1 >32 >32
Cefotetan 32 5.8 1.4 92.8 >32 >32
Cefoxitin 16 4.3 0 95.7 >16 >16
Ceftazidime 16 174 1.4 81.2 >16 >16
Ceftizoxime 32 15.9 0 84.1 >32 >32
Ceftriaxone 16 13 29 84.1 >32 >32
Cefuroxime 16 5.8 29 91.3 >16 >16
Cephalothin 16 1.4 1.4 97.2 >16 >16
Ciprofloxacin 2 319 0 68.1 >2 >2
Gatifloxacin 4 36.2 14.5 49.3 4 >4
Gentamicin 8 319 5.8 62.3 >8 >8
Imipenem 8 29 5.8 65.2 >8 >8
Levofloxacin 4 36.3 7.2 56.5 4 >4
Netilmicin 16 304 20.3 49.3 16 >16
Piperacillin 64 14.5 4.3 81.2 >64 >64
Tetracycline 8 49.3 10.1 40.6 4 >8
Ticar/K Clav 64 17.4 5.8 76.8 >64 >64
Ticarcillin 64 16 1.4 82.6 >64 >64
Tobramycin 8 29 18.8 52.2 8 >8

Sufamethoxazole/trimethoprim 16 174 0 82.6 >2/38 >2/38
Meropenem 8 13.7 4.5 81.8 >8 >8

S: susceptible, I: Intermediate, R: resistant, MIC: minimum inhibitory concentration.

quency of enteric infections as evidenced by the low preva-
lence of Salmonella, Shigella and Yersinia species (Table 2 ).

We examined the antimicrobial resistance patterns of differ-
ent gram-negative isolates from cancer patients; results were
mainly based on automated methods and were interpreted
according to CLSI guidelines [12]. Decreased susceptibility to
most antibiotics tested including non-B-lactam antibiotics
such as aminoglycosides (gentamicin) and quinolones (cipro-
floxacin, levofloxacin) was observed in isolates of Escherichia
coli, Klebsiella, Enterobacter, Pseudomonas and Acinetobacter
species. In addition, isolates exhibited simultaneous resistance
to more than one non B-lactam drug (Tables 3,4,5,6 and 7)

© Copyright iMedPub

Acinetobacter species exhibited higher resistance to cipro-
floxacin (68.1%) than to gatifloxacin (49.3%) and Levofloxacin
(56.5%).A similar trend was seen with Escherichia coli, Klebsiella
and Enterobacter species. By contrast, Pseudomonas species
exhibited lower resistance to ciprofloxacin (28.1%) than to Le-
vofloxacin (39.5%) (Tables 3,4,5,6 and 7).Resistance to carbap-
enems, which are B-lactam antibiotics with a broad spectrum
of antibacterial activity, had been reported. Resistance to imi-
penem was observed with Acinetobacter species (65.2%), E. coli
(3.9%), Enterobacter species (25%), Klebsiella (10.5%) and Pseu-
domonas species (42.7%). Meropenem resistance was highly
detected in Acinetobacter species (81.8%) and Pseudomonas
species (50%) (Tables 3,4,5,6 and 7).
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TABLE 4. Antimicrobial Susceptibility of 103 Escherichia coli isolates.

Antibiotic

Amikacin
Amoxicillin/K clavulanate
Ampicillin/sulbactam
Ampicillin
Aztreonam
Cefazolin
Cefepime
Cefotaxime
Cefotetan
Cefoxitin
Ceftazidime
Ceftizoxime
Ceftriaxone
Cefuroxime
Cephalothin
Ciprofloxacin
Gatifloxacin
Gentamicin
Imipenem
Levofloxacin
Netilmicin
Pip/Tazo
Piperacillin
Tetracycline
Ticar/K Clav
Ticarcillin
Tobramycin

Sufamethoxazole/trimethoprim

S: susceptible, I: Intermediate, R: resistant, MIC: minimum inhibitory concentration.
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Break
point

32
16/8
16/8

16

16
32

16

64
64
8
64
64
8

16

85.4

28.2

12.6

6.8

33

15.5

38.8

35

87.4

60.2

43.7

4.7

35

27.1

49

359

36.9

47.6

94.2

36.9

56.3

57.2

8.7

14.5

35

6.8

359

14.6

Susceptibility %
|
7.8
33

5.8

3.9

3.9

5.8

14.6

5.8

49

5.8

5.8

29

14.6

14.6

359

1.7

6.8

38.8

81.6

92.2

67

80.6

57.3

65

6.8

25.2

56.3

52.5

65

68

89.3

64.1

57.3

52.4

3.9

60.2

29.1

28.2

90.3

84.5

29.1

92.2

52.4

85.4
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MICs,
<16
16/8

>16/8
>16
>16
>16
>16

>32

>16
>32
>32
>16
>16
>2
>4

>8

>64
>8
64

>64
>8

>2/38
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MIC ug/ml

MICy,
16

>16/8

>16/8
>16
>16
>16
>16

>32

>16
>16
>32
>32
>16
>16
>2
>4
>8
>8
>4
>16
>64
>64
>8
>64
>64
>8

>2/38
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TABLE 5. Antimicrobial Susceptibility of 24 Enterobacter isolates.

Antibiotic

Amikacin
Amoxicillin/K clavulanate
Ampicillin/sulbactam
Ampicillin
Aztreonam
Cefazolin
Cefepime
Cefotaxime
Cefotetan
Cefoxitin
Ceftazidime
Ceftizoxime
Ceftriaxone
Cefuroxime
Cephalothin
Ciprofloxacin
Gatifloxacin
Gentamicin
Imipenem
Levofloxacin
Netilmicin
Pip/Tazo
Piperacillin
Tetracycline
Ticar/K Clav
Ticarcillin
Tobramycin

Sufamethoxazole/trimethoprim

Break
point

32
16/8
16/8

16

16
32

16

64
64
8
64
64
8

16

54.2

4.2

4.2

4.2

4.2

20.8

4.2

8.3

4.2

4.2

4.2

4.2

37.5

4.7

25

58.3

45.8

25

4.2

29.1

4.2

4.2

20.8

16.7
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Susceptibility %
|
16.7
4.2

4.2

4.2

4.2

16.7

4.2

4.2

4.2

8.3
8.3
8.3
16.7
4.2
12.5
8.3
8.3
4.2

4.2

S: susceptible, I: Intermediate, R: resistant, MIC: minimum inhibitory concentration.
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29.1

91.6

91.6

95.8

91.6

95.8

79.2

95.8

75

95.8

95.8

91.6

95.8

91.6

100

54.2

50

66.7

25

50

62.5

87.5

91.7

66.7

91.6

95.8

79.2

83.3

MICs,
16
>16/8
>16/8
>16
>16
>16
>16

>32

>16
>16
32
>32
>16

>16

>16
>64
>64
>8
>64
>64
>8

>2/38

MIC ug/ml

MICy,
>32
>16/8
>16/8
>16
>16
>16
>16
>32
>32
>16
>16
>32
>32
>16
>16
>2
>4
>8
>8
>4
>16
>64
>64
>8
>64
>64
>8

>2/38
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TABLE 6. Antimicrobial Susceptibility of 38 Klebsiella isolates.

Antibiotic

Amikacin
Amoxicillin/K clavulanate
Ampicillin/sulbactam
Ampicillin
Aztreonam
Cefazolin
Cefepime
Cefotaxime
Cefotetan
Cefoxitin
Ceftazidime
Ceftizoxime
Ceftriaxone
Cefuroxime
Cephalothin
Ciprofloxacin
Gatifloxacin
Gentamicin
Imipenem
Levofloxacin
Netilmicin
Pip/Tazo
Piperacillin
Tetracycline
Ticar/K Clav
Ticarcillin
Tobramycin

Sufamethoxazole/trimethoprim

S: susceptible, I: Intermediate, R: resistant, MIC: minimum inhibitory concentration.
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Break
point

32
16/8

16/8

64
64
8
64
64
8

16

421

39.5

76.3

52.6

421

394

421

36.8

23.7

44.7

60.5

50

84.2

65.8

50

44.7

5.3

26.3

36.8

0

44.7

39.5

Susceptibility %
|
2.6
31.6
79
2.6
0
2.6
2.6
(0]
5.3

10.5

5.3

5.3

26.3

36.8

63.2

97.4

65.8

65.8

55.3

60.5

18.4

36.9

57.9

55.3

57.9

57.9

76.3

421

39.5

50

10.5

34.2

36.8

47.4

94.7

63.2

50

92.1

50

60.5
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MIC,
16
16/8
>16/8
>16
>16

>16

>16
32

>32

>16

>16

64
>64
>8
64

>64

>2/38
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MIC ug/ml

MICy,
>32

>16/8

>16/8
>16
>16
>16
>16
>32
>32
>16
>16
>32
>32
>16
>16
>2
>4
>8

8

>4
>16
>64
>64
>8
>64
>64
>8

>2/38
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TABLE 7. Antimicrobial Susceptibility of 88 Pseudomonas isolates.

Antibiotic

Amikacin
Amoxicillin/K clavulanate
Ampicillin/sulbactam
Ampicillin
Aztreonam
Cefazolin
Cefepime
Cefotaxime
Cefotetan
Cefoxitin
Ceftazidime
Ceftizoxime
Ceftriaxone
Cefuroxime
Cephalothin
Ciprofloxacin
Gentamicin
Imipenem
Levofloxacin
Netilmicin
Pip/Tazo
Piperacillin
Tetracycline
Ticar/K Clav
Ticarcillin
Tobramycin
Sufamethoxazole/trimethoprim

Meropenem

S: susceptible, I: Intermediate, R: resistant, MIC: minimum inhibitory concentration.
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32
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4.7
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2.3

22.7

2.3

41.6

4.5

2.3

2.3

32.6

4.7

10.2

2.3

67.4

419

56.2

58.2

50.6

11.6

31.5

7

4.7

4.7

51.2

8.8

50

Susceptibility %
|
4.5
0
0
2.3

4.5

5.6
7.9

4.7

1.1
11.6

2.2

45
14
1.1

2.3

4.5

1.1

4.7

4.7

9.3

95.3

95.3

95.4

72.8

97.7

52.8

87.6

93

97.7

66.3

83.7

87.6

97.7

100

28.1

44.1

42.7

39.5

449

88.4

67.4
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90.6

90.6
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TABLE 8. Percentage of potential Extended-spectrum {3-lactamase (ESBL) producing gram-negative bacteria.

Species

Escherichia coli
Enterobacter species

Klebsiella species

Aztereonam is a monobactam antibiotic with antimicrobial
activity against gram-negative bacilli such as Pseudomonas
aeruginosa. Isolates of Acinetobacter species, Escherichia coli, En-
terobacter species Klebsiella species and Pseudomonas species
exhibited resistance to aztreonam at the following respective
percentages of resistance: 85.6%, 67%, 91.6%, 65.8% and 72.8%
(Tables 3,4,5,6 and 7).

Gram-negative isolates were highly resistant to cefotaxime and
ceftazidime. Acinetobacter species exhibited 84.1% and 81.2%
resistance to cefotaxime and ceftazidime. The percentage re-
sistance to cefotaxime and ceftazidime was also high Escherich-
ia coli, Enterobacter species, Klebsiella species and Pseudomonas
species isolates(Tables 3,4,5,6 and 7).In addition, simultaneous
resistance to cefotaxime and ceftazidime was evident in Esch-
erichia coli, Enterobacter and Klebsiella species at the following
respective percentages, 54.4%, 95.8% and 57.9% (Table 8).

It should be noted that the use of tazobactam (3-lactamase
inhibitor) enhanced the activity of piperacillin against Esche-
richia coli, Enterobacter species and Klebsiella species. Similarly,
the use of clavulanate restored the activity of ticarcillin against
Acinetobacter species, Escherichia coli, Enterobacter species and
Klebsiella species (Tables 3,4,5,6 and 7).

Isolates resistant to at least three classes of potentially effec-
tive antimicrobial agents were considered as MDR. In our study
high rates of multi resistance were identified in Acinetobacter
species isolates; the susceptibility rates to all agents tested
were <50%., with tetracycline being the most active against
Acinetobacter species (49.3% susceptibility). Escherichia coli and
Klebsiella species isolates showed multi drug resistance and
were only susceptible to imipenem (94.2%, 84.2%susceptibil-
ity respectively), cefotetan (87.4%, 76.3% susceptibility respec-
tively) and amikacin (85.4%, (71.1% susceptibility respectively).
Enterobacter species isolates were resistant to most antibiotics
tested, withimipenem being the most active against Enterobac-
ter (58.3% susceptibility). Pseudomonas isolates were resistant
to most antibiotics tested, with ciprofloxacin and levofloxacin
being the most active against Pseudomonas (67.4% and 58.2%
susceptibility respectively) Tables 3,4,5,6 and 7.

Discussion
Bacterial infection continues to be the most common com-

plication of chemotherapy-induced neutropenia. The goal of
antineoplastic therapy is to achieve maximum antitumor re-

10

Resistance to both Cefotaxime and Ceftazidime (potential ESBL
producers)

54.4%
95.8%
57.9%

sponses, which usually result in substantial and, sometimes,
prolonged neutropenia.

El-Mahalawy et al.[13] stated that it's important to recognize
the importance of bacteremia due to organisms such as E.
coli, Pseudomonas aeruginosa and Klebsiella species, as they
causes higher mortality rate rather than bacteremias due to
gram- positive organisms. In his study Zinner[14] reported that
gram-negative bacteraemia remains an important cause of
morbidity and mortality in neutropenic patients. In his study,
E. coli led the list of pathogens, which was consistent with our
study results; as 30% of the total gram-negative isolated bac-
teria were E.coli followed by Pseudomonas aeruginosa (24.5%)
which is similar to a study by Saghir and his colleagues [1]. P.
aeruginosa has also been reported to cause a wide variety of
infections in immunocompromised cancer chemotherapy pa-
tients as it is a common hospital and opportunistic pathogen
[15]. In our study Pseudomonas aeruginosa was isolated from
blood, skin and urine infections with the following percent-
ages 23.5%, 26.5% and13.6% respectively. In a study by ElI-Ma-
halawy et al.[13] on 328 bloodstream infections in the pediatric
oncology unit at the National Cancer Institute Pseudomonas
species, Acinetobacter species, Enterobacter species, Klebsiella
species and E. coli were isolated with the following percentag-
es 5.5%, 6.7%, 2.7%, 1.5% and 2.1%. In another study by Talaat
et al.[16] on urinary tract infection in 4 intensive care units in
Egypt Klebsiella pneumoniae, Escherichia coli, and Pseudomonas
species were the most commonly isolated bacteria.

A number of less-frequent gram-negative bacteria were iso-
lated and identified including Stenotrophomonas maltophilia,
Salmonella, Shigella and Yersinia species, which was also, re-
ported earlier [14].

In vitro activity of different anti-microbial agents against gram-
negative bacteria was evaluated in our study; Acinetobacter
species exhibited 84.1% and 81.2% resistance to cefotaxime
and ceftazidime respectively, Zinner[14] showed that increas-
ing consumption of ceftazidime was associated with decreas-
ing susceptibility of Acinetobacter species and S. maltophilia.
O’Neill et al., [17] observed high resistance rates against cepha-
losporins in P. aeruginosa and Enterobacteriaceae. Enterobacter
species exhibited 95.8% resistance to both antibiotics Pseu-
domonas species exhibited 87.6% and 66.3% resistance to ce-
fotaxime and ceftazidime, resistance was high in Escherichia
coli and Klebsiella species, which is consistent with a study
from Egypt that reported high resistance levels to cefotaxime
(74.4%) in gram-negative rods [16]. This high resistance in En-
terobacteriaceae may be attributed to -lactamase activity [18-
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19]. However, further confirmatory tests are needed to confirm
the presence of ESBL enzymes in such isolates. This is an impor-
tant future avenue specially that rates of extended-spectrum
B-lactamase (ESBL) producing isolates among E. coli and Kleb-
siella species are increasing[20]. Studies on the resistance to
B-lactam antimicrobial agents, especially extended-spectrum
cephalosporins and other antimicrobial agents among clinical
isolates of gram-negative bacteria are on the rise worldwide
[21-22].In Egypt Talaat et al.[16] reported that extended spec-
trum (-lactamase was detected in 78.6% and 56% of E. coli
and K pneumoniae strains respectively. ESBL-producing Klebsi-
ella pneumoniae isolates will render most cephalosporins and
some combinations of $-lactam and B-lactamase ineffective.

In our study isolates of Acinetobacter species, Escherichia coli, En-
terobacter species Klebsiella species and Pseudomonas species
exhibited resistance to aztreonam at the following respective
percentages of resistance: 85.6%, 67%, 91.6%, 65.8% and 72.8%
which was consistent with a study on patients at South Egypt
Cancer Institute that showed high resistance with aztereonam
(78%)[23]. High resistance to Ciprofloxacin has been reported
for gram-negative bacilli collected in United States, Canada,
and Latin America in SENTRY Antimicrobial Surveillance Pro-
grams and in Turkey [24-26]. In our study Acinetobacter spe-
cies exhibited high resistance to ciprofloxacin (68.1%). Evident
resistance to ciprofloxacin was also found in E. coli, Klebsiella
and Enterobacter species. Fluoroquinolones resistance against
E. coli in cancer patients was found with a resistance rate of
more than 50% among E. coli.[27]

Ashour and El Sharif [28] reported that the newest fluoroqui-
nolones (levofloxacin, gatifloxacin) have enhanced activity
against gram-positive bacteria, with only a minimal decrease
in activity against gram-negative bacteria. However, the newer
generation quinolones are still quite active against most En-
terobacteriaceae (such as Enterobacter, Escherichia, Klebsiella)
and non-fermentative gram-negative bacilli (such as Acineto-
bacter) with the exception of Pseudomonas aeruginosa [29]. Our
results demonstrated that whereas Acinetobacter species, Esch-
erichia coli, Klebsiella and Enterobacter species were relatively
more susceptible to newer quinolones than ciprofloxacin,
Pseudomonas species exhibited higher susceptibility to cipro-
floxacin than to levofloxacin.

Anderson Cancer Center showed that resistance among gram-
negative bacilli at their center, increased to third generation
cephalosporins, quinolones, B-lactams and aminoglycosides.
They suggested that meropenem, cefepime, imipenem and
piperacillin/tazobactam were appropriate choices for febrile
neutropenic patients in their hospital [30]. Our results show
that the use of tazobactam (B-lactamase inhibitor) greatly en-
hanced the activity of piperacillin against Escherichia coli and
Klebsiella species, which is consistent with a study from Germa-
ny that showed that piperacillin-tazobactam, has been used
as initial monotherapy in Bonn for more than 10 years with no
increase of bacterial resistance despite its intensive use. The
susceptibility rates in 2005 for Escherichia coli were 97% and
for Klebsiella pneumoniae (94%)[31].
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In 2000, the results of a comprehensive survey on the suscep-
tibility of gram-negative bacteria isolated from Cairo hospi-
tals reported that, the resistance to imipenem was totally ab-
sent or very low [32] .Eleven years later, the presented study
showed that the resistance to imipenem was observed with
Acinetobacter species (65.2%), Enterobacter species (25%), Kleb-
siella (10.5%) and Pseudomonas species (42.7%). These results
should be very alarming to the public health authorities re-
sponsible for setting and implementing the antibiotic policy
in Egyptian hospitals. The antibiotic policy must be reviewed
and special measures should be taken to reduce the spread
of antibiotic resistance among bacterial infections. This high
resistance to carbapenems may be attributed to metallo {3 lac-
tamases (MBLs) of the IMP and VIM types which have been
identified among many different enterobacterial species and
also often among Pseudomonas species[33].Another explana-
tion may be the recent emergence of the MBL NDM-1 among
different enterobacterial species[34] and also in Acinetobacter
baumannii [35]. In addition, the emergence of the Ambler class
A KPC -lactamase during the recent years, mostly in Klebsiella
pneumoniae (but also in P. aeruginosa, Escherichia coli, and A.
baumannii)[36].

Queenan and Bush[37] stated that Overall, worldwide suscep-
tibility to carbapenems is 98% among the Enterobacteriaceae,
where as imipenem susceptibility ranges from 60%to 83%for
P. aeruginosa and A. baumannii respectively. Kremery and col-
leagues [38] studied the susceptibility of 115 strains of E. coli
,causing 65 bacteremic episodes in cancer patients, to antibi-
otics and found the lowest resistance rates were observed for
meropenem 1.5% and netilmicin 37% . In our study the sus-
ceptibility of E. coli isolates to Imipenem was 94.2% and 56.3%
to netilmicin.

Multidrug-resistance organisms (MDRO) such as P. aeruginosa,
K. pneumoniae and the other Enterobacteriaceae species with
emerging resistance, is an important cause of morbidity and
mortality in hospitalized critically ill patients and patients with
underlying medical condition such as neutropenia and immu-
nosuppressant[39]. The return to the pre-antibiotic era has be-
come areality in many parts of the world. MDR microorganisms
were recently named as the ‘ESKAPE’ pathogens (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acineto-
bacter baumannii, Pseudomonas aeruginosa and Enterobacter
species), indicating their ‘escape’ from the effects of antibacte-
rial agents or the non-existence of newer active antibiotics [40].
In our study, MDR organisms were highly observed among our
isolates (Tables 3-7) which is quite concerning. Rate of multi-
drug resistance was shown to be a general phenomena in most
of reported studies [41-42]. Similarly anti-microbial resistance
pattern among bloodstream infection isolated from SENTRY
antimicrobial Surveillances Program (1997-2002) showed high
prevalence of multidrug resistant P. aeruginosa in America [43].
The lack of alternative agents that are active against gram-neg-
ative bacteria necessitates the use of measure for controlling
emergence of resistance in bacterial strains.
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Conclusion

In our conclusion, high resistance observed in this study war-
rants the need for surveillance of resistant pattern of antimi-
crobial agents administered to patients undergoing treatment
for better patient’s management. A careful monitoring of anti-
microbial use, in hospital, is required to identify the situation
in which prescription patterns are contributing to the devel-
opment of resistance. The lack of any new compounds in the
near future indicates that there is need for constant monitor-
ing at national, regional level as these surveillance efforts are
essential to provide clinicians with information for choosing
empirical treatment regiments and implement strict antibiotic
prescribing policies and hospital infection control guidelines.
Screening for ESBL production as a routine procedure in clini-
cal laboratories gives valuable information to the clinician in
appropriate selection of antibiotics. Moreover, bacterial strains
resistant to most classes of antibiotics will continue to arise un-
less the inappropriate use of these drugs is curtailed.
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