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ABSTRACT 
 

Aim: To determine risk factors, microbiological isolates and antibiotic sensitivity pattern of blood 
stream infections of pediatric malignancies. 
Study Design: A prospective single center cohort study included Children with malignancies that 
developed one or more episodes of septicemia during the period of their treatment and follow up. 
Place and Duration of Study: We included 46 children who were admitted to the Pediatric 
oncology Unit of Tanta University Hospitals, Egypt, over the period of six months. The included 
children had a microbiologically confirmed blood stream infections. 
Methodology: Positive blood cultures by BacT/ALERT were sub cultured on MacConkey agar, 
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blood agar, chocolate agar, and sabouraud agar. VITEK 2TM Compact 15 was used for verification 
of bacterial identification and MIC determination. 
Results: Sixty seven blood stream infections were detected in 46 patients. Hematological 
malignancies (67.4%) and neutropenia (69.7%) were the major risk factors. Gram positive bacteria 
represented (53.7%) including mainly coagulase negative Staphylococci (38.9%) and Streptococci 
(30.6%). Methicillin resistance was detected in all S. aureus, 71.4% of Coagulase negative 
Staphylococci that were sensitive to ciprofloxacin (85.7%, 100%), gentamycin (85.7%, 100%) and 
clindamycin (71.4%) respectively. Gram negative bacteria represent (46.3%) mainly Klebsiella 
pneumoniae (38.7%). ESBL in Enterobacteriaceae was (81.3%) with sensitivity to ciprofloxacin, 
amikacin, piperacillin/ tazobactam and sulbactam/ cefoperazone (100%, 100%, 69.2%, 53.8%) 
respectively. Carbapenem resistance was detected in one isolate of K. pneumoniae, two                
P. aeruginosa and two A. baumanii. Intestinal translocation of Klebsiella pneumoniae in (41.7%, 
5/12) and P. aeruginosa (40%, 2/5), as well as in the four detected cases of central line blood 
stream infections.  
Conclusion: The application of infection control guidelines and the strict antibiotic policy are 
mandatory for each institute. Selective digestive decontamination is considered to limit 
translocation. Carbapenem resistance was alarming and mandating more evaluation of β-lactam/β-
lactamase inhibitors in treatment of ESBL Enterobacteriaceae. 
 

 
Keywords: Blood stream infections; pediatric cancer; risk; microbiology. 
 
1. INTRODUCTION 
 
Despite early diagnosis and proper treatment of 
pediatric malignant diseases, cancer remains a 
major psycho-social and health problem with a 
complex protocol of treatment. During the period 
of treatment, pediatric patients with cancer are at 
increasing risk of healthcare-associated 
infections especially bloodstream infections 
(BSIs) [1]. 
 
These children who are receiving cytotoxic 
chemotherapy and other anti-neoplastic therapy 
are at increased risk of neutropenia   as a 
common consequence of their treatment, also 
the indwelling central line along with loss of the 
mucosal integrity of the gastrointestinal tract can 
predispose these patients to bacteraemia and 
sepsis. Febrile episodes are observed in 34% of 
neutropenic periods in children treated for 
cancer, with bacteraemia identified in 10-20% of 
cases [2]. 

 
Bacterial BSI is considered an acute life-
threatening condition especially in 
immunosuppressed patients. This condition 
should be treated immediately with intravenous 
antibiotics and supportive measures for at least 
72 hours to prevent mortality due to potential 
pathogens [2]. 

 
So it is important to know the local profile of 
causative pathogens within a particular institution 
to allow appropriate management strategies, 
such as the choice of first line empirical 
antibiotics and infection control programs. 

The aim of this study is to determine the 
incidence of BSI in children with malignancies, 
associated risk factors, microbiological profiles 
and the sensitivity pattern of isolated organisms. 
 
2. MATERIALS AND METHODS 
 
2.1 Setting 
 
Pediatric Oncology Unit of Tanta University 
Hospitals, Egypt, that consists of 18 beds. 
Approximately 100 new referrals were made 
each year mainly patients with hematological 
malignancies. The Unit caters for its patients 
from all regions of the country. 
 
2.2 Study Design 
 
This a prospective single center cohort study 
including all oncology patients on treatment, or 
follow-up, who developed one or more episodes 
of septicemia during their entire course of 
treatment during six month period. Blood cultures 
yielding the same microorganism with the same 
sensitivity pattern within a seven day period were 
considered to be as the same septicaemic 
episode; however if the sensitivity pattern was 
different, it was considered as a different episode 
[2]. 
 
2.3 Data Collection 
 
The following list of information was collected 
from patient data records: (1) Patients' 
characteristics which included demographic data 
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(e.g. age, sex, race), site of admission during 
episode, and the underlying diagnosis; (2) The 
presence of a central venous catheter during 
septicaemic episode; (3) The presence of 
predisposing infections (e.g: gastrointestinal, 
respiratory, wound); (4) The use of steroid 
therapy; (5) The results of the investigations 
(absolute neutrophil count during septicaemic 
episode, microbiological results including type of 
isolated organism and antibiotic sensitivity 
pattern). 
 
2.4 Microbiological Investigations 
 
2.4.1 Sampling 
 
One Blood sample was taken at the onset of 
fever before starting antimicrobial therapy in all 
patients. Further, blood samples were collected 
for those patients every 48 hours till blood culture 
became negative according to the Hospital 
policy. Blood cultures were drawn from 
peripheral vein under complete aseptic technique 
with also existing central venous catheters, if 
present.  
 
2.4.2 Culture 
 
Bacteremia was defined as at least one positive 
blood culture, irrespective of the pathogen 
detected, using a qualitative automated culture 
system (BacT/ALERT 3 D 60, bioMérieux, 
Marcy-l'Etoile, France) [3]. Positive blood 
cultures by BacT/ALERT were subcultured on 
MacConkey, blood agar and chocolate, and 
incubated in 5-10% CO2, at 37°C for 24 hours, 
while sabouraud agar was incubated at room’s 
temperature.  
 
2.4.3 Identification 
 
Identification of the bacterial isolates was 
performed as per standard procedures including 
morphology and traditional biochemical 
reactions, with verification of suspected isolates 
by VITEK 2TM Compact 15 (bioMérieux, Geneva 
Marcy-l'Etoile, France).   
 
2.4.4 Antimicrobial susceptibility testing by 

two methods  
 
2.4.4.1 Disk diffusion method  
 
Susceptibility testing was performed using                       
the Kirby–Bauer Method as per the Clinical                       
and Laboratory Standards Institute                      
guidelines [4]. 

2.4.4.2 MIC determination by VITEK2TM compact 
15 

 

Susceptibility testing was performed using AST-
P592 cards for gram positive, AST-XN05 test 
cards for gram negative and AST-YS07 for yeast. 
Interpretation was done according to CLSI 
guidelines [4]. Quality control tests were 
performed according to the manufacturer’s 
guideline by using the following control strain 
Escherichia coli ATCC ® 25922TM, 
Pseudomonas aeruginosa ATCC ® 27853TM, 
Staphylococcus aureus ® 29213TM and 
Enterococcus faecalis ® 29212 TM. The 
following antibiotic susceptibility pattern was 
recorded: sensitivity to penicillin, 
oxacillin/methicillin and vancomycin) for gram-
positive bacteria; sensitivity to ceftazidime, 
meropenem, amikacin, piperacillin/tazobactem, 
cefoperazone/sulbactam, ciprofloxacin, 
tigecycline and colistin for gram-negative rods). 
 

2.5 Defnitions 
 

2.5.1 Bloodstream infection (BSI)  
 

was defined as the isolation of a bacterial or 
fungal pathogen from at least one blood culture 
with the presence of at least one of the following 
signs of infection: fever (> 38°C), a systolic blood 
pressure < 60 mmHg, or signs of localized 
infection (inflammation) in a major organ/system 
[5]. For coagulase-negative staphylococci 
(CoNs), corynebacteria other than 
Corynebacterium jeikeium, and other common 
skin contaminant, at least two consecutive 
positive blood cultures, drawn in different 
occasions, are needed [6]. 
 
2.5.2 Laboratory diagnosis of catheter related 

bloodstream infections (CRBSI) 
 

The presence of positive blood culture from the 
peripheral vein with absence of apparent cause 
except central line along with fever was 
considered catheter related blood stream 
infection. In addition, one of the following should 
also present: A positive semi-quantitative (>15 
CFU/catheter segment) [7] or quantitative (>103 
CFU/catheter segment) [8] catheter tip culture 
also, the same organism (species and anti-
biogram) is isolated from the catheter segment 
and peripheral blood culture. Simultaneous 
quantitative paired blood cultures with a >5:1 
ratio CVC versus peripheral, or positivity of the 
blood culture drawn from the CVC that becomes 
2 hr earlier than the peripheral blood culture, is a 
new method for the diagnosis of CRBSI without 
removing the catheter [9]. 
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2.5.3 Fever  
 
Fever was defined as an axillary temperature > 
38°C.  
 
2.5.4 Neutropenia  
 
Neutropenia was defined as an absolute 
granulocyte count < 1000/mL [5].  
 

2.6 Antibiotic Policy  
 
All FN patients received cefoperazone/sulbactum 
empirically with addition of amikacin in (acute 
myeloid leukaemia, Burkitt's lymphoma, 
induction, reinduction, reintensification, relapse 
and vital instability). Then antibiotics were 
modified according to the microbiological culture 
report. However, in culture negative patients 
same antibiotic was continued. Vancomycin was 
administered additionally to the patients, who 
had persistent fever, hypotension, redness or 
tenderness at central line insertion site and 
pneumonia. Amphotericin B was initiated 
empirically in patients in whom fever persisted 
despite antibiotics on day 4 or 5, in sinusitis with 
suspected fungal infection, pleuritic chest pain or 
chest X-ray suggested presence of fungal ball. In 
culture negative and stable patients intravenous 
antibiotics were continued for 5–7 days or until 
ANC recovered to >500/µl. 
 

2.7 Statistical Analysis 
 
Data were analyzed using statistical package of 
social science (SPSS) version 21. Qualitative 
data were described using number and percent 
and was compared using Chi square, statistical 
significance is p ≤ 0.05. Spearman test was used 
to calculate the correlation coefficient between 
different variables. Quantitative data were 
described using range (minimum and maximum), 
mean, standard deviation and median. 
 

3. RESULTS 
 
During six months observation, 67 BSIs were 
detected in 46 pediatric cancer patients, 52% 
were males. The two major risk factors for BSIs 
were hematological malignancies (67.4%) mainly 
leukaemias and neutropenia (70%) with 
statistical significance (p=0.018, 0.008) 
respectively. There was strong correlation 
between hematological malignancies 
neutropenia and presence of indwelling CVC 
(correlation coefficient=0.95, table not shown). 
As regard central line insertion, there were 10 
cases (21.7%) and four of them (40%) had 
CLABSIs by the following isolates: Two 
Pseudomonas aeruginosa, one Acinetobacter 
baumanii and one Enterococcus faecium that 
were found as a stool colonizer (Table 1). 
 

Table 1. Characteristics of patients with BSIs events 
 

Characteristic (46) No. ( SD ) % P 
Sex: 
Male 
Female 

 
24 
22 

 
52.2 
47.8 

 
0.768 

Age (months): 
Mean 
Median± SD 
Range 

 
44.5 
36 ± 35.12 
4 month-12 years 

 
 

 

Underlying disease: 
Hematological malignancy  
Solid tumor 

 
31 
15 

 
67.4 
32.6 

 
 
0.018* 

Neutropenia: 
Yes 
No 

 
32 
14 

 
69.6% 
30.4% 

 
0.008* 

Indwelling CVC: 
Yes 
No 

 
10 
36 

 
21.7 
78.3 

 
0.008* 

In hospital before fever:  
Yes 
No 

 
21 
25 

 
45.7 
54.3 

 
 
0.000* 

Steroid therapy: 
Yes 
No 

 
9 
37 

 
19.6 
80.4 

 
 
0.000* 

SD: Standard deviation, CVC: central venous catheter, P≤0.05 significant 
 



 
 
 
 

Amer et al.; MRJI, 18(3): 1-12, 2017; Article no.MRJI.30595 
 
 

 
5 
 

There was predominance of gram positive 
bacteria (GPB) (54.5%). The most commonly 
isolated GPB was CoNS represent (38.9%, 
14/36), followed by Streptococcus spp (30.6%, 
11/36) that include (5) VGS, (2) S. pneumoniae, 
(2) Granulicatella adiacens, (1) Granulicatella 
elegans and one S. pyogenes isolate. There 
were two isolates of Enterococci (one isolate               
E. faecium and the other was E. faecalis). Gram 
negative bacteria (GNB) represent (45.5%) with 
predominance of Klebsiella pneumoniae (11/30, 
36.7%) (Table 2).  
 

Table 2. Bacterial isolates distribution in BSIs 
 

No. of isolates (%) 
(67) 

Organism  

(53.7%)36  Gram positive isolates 
 %)38.9(14  CoNS  

%)19.4(7  Staphylococcus aureus 
%)30.6(11  Streptococcus spp  

%)5.6(2 Enterococcus spp 
%)5.6(2  Rothia dentocariosa 

31(46.3%) Gram negative isolates  
%)38.7(12  Klebsiella pneumoniae 

%)12.9(4  Eschericia coli 
%)16.1(5  Pseudomonas aeruginosa 

%)9.7(3  Salmonella spp 
%)6.5(2  Acinetobacter baumanii 
%)3.2(1  Enterobacter cloaca 
%)3.2(1 Stenotrophomonas 

maltophilia 
%)3.2(1  Brucella melitensis 
%)3.2(1 Chrysobacterium 

meningeosepticum 
%)3.2(1 Aeromonas salmonicida 

CoNS: Coagulase negative Staphylococci 
 
As regard susceptibility pattern of K. pneumonia 
(83.3%, 10/12), E. coli (75%, 3/4) was Extended-
spectrum β-lactamase (ESBL) producers. 
Sensitivity of ESBL producers to ciprofloxacin 
was (100%), amikacin (100%), piperacillin/ 
tazobactam (TZP) (69.2%, 9/13) and 
cefoperazone/ sulbactam (CFS) (53.8%, 7/13). 
Carbapenem resistance was detected in one 
isolate of K. pneumoniae (that was sensitive only 
to amikacin, gentamycin, colistin and tigecycline), 

also was detected in one isolate of P. aeruginosa 
that was isolated from a CLABSI case and was 
sensitive to amikacin, gentamycin, ciprofloxacin 
and colistin. The two isolates of A. baumanii 
were resistant to all antibiotics except colistin and 
tigecycline (Table 3). 
 
In GPB all S. aureus isolates and (71.4%, 10/14) 
of CoNS were methicillin resistant without 
detection of vancomycin resistance. Sensitivity of 
S. aureus and CoNS to ciprofloxacin (100%, 
85.7%) and gentamycin (100%, 85.7%) and 
clindamycin (71.4%) respectively. All isolated 
VGS isolates were penicillin sensitive and one of 
two isolates of S. pneumniae was penicillin 
resistant, however was vancomycin sensitive. 
High level gentamycin resistance was detected in 
one isolate of E. faecium without appearance of 
vancomycin resistant Enterococci (Table 4). 
 
4. DISCUSSION 
 
BSIs are considered as major challenge in 
pediatric oncology. The source of infection is 
generally endogenous or exogenous. Low 
granulocyte count, mucosal damage and the 
presence of central venous catheters (CVC) 
expose patients to the risk of bacterial infections, 
especially shortly after chemotherapy, while 
prolonged neutropenia is a classic risk factor for 
bacterial infections [1].  
 
Neutropenic episodes represent (32/46, 70%) in 
the current study, so febrile neutropenia is an 
important complication of cancer therapy 
associated with higher morbidity and mortality. 
Therefore, It should be considered a medical 
emergency, and a prompt administration of 
empirical antibiotic therapy is mandatory [1]. 
Thus administration of growth factors has been 
reported to reduce the degree and duration of 
post chemotherapy neutropenia, also the 
patients can be safely discharged to receive 
either outpatient or home antibiotic therapy 
thereby decreasing costs of treatment [10]. 

 
Table 3. Antibiotic susceptibility of the five most common gram negative isolates 

 
Antibiotic sensitivity Organism                    

MER CIP AK CFS TZP CAZ 
11(91.7%) 11(91.7%) 12(100%) 6 (50%) 8 (66.7%) 1 (8.3%) Klebsiella pneumonia (12) 
4(100%) 4(100%) 4(100%) 3(75%) 3(75%) 1(25%) E. coli (4) 
4(80%) 3(60%) 3(60%) 3(60%) 3(60%) 2(40%) Pseudomonas aeruginosa (5) 
1(33.3%) 0 0 0 0 0 Acinetobacter spp (2) 
3(100%) 3(100%) 0 2(66.7%) 2(66.7%) 3(100%) Salmonella spp (3) 

CAZ: ceftazidime, TZP: piperacillin/tazobactam, CFS: cefoperazone/ sulbactam, AK: amikacin, CIP: ciprofloxacin,  
MER: meropenem 
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Table 4. Antibiotic susceptibility of the most common gram positive isolates 
  

Antibiotic sensitivity N(%) Organism 
LNZ TEI VAN GEN CIP DA E OXA 
14(100) 12(85.7) 14(100) 12(85.7) 12(85.7) 10(71.4) 8(57.1) 4(28.6) CoNS (14) 
7(100) 5(71.4) 7(100) 7(100) 7(100) 5(71.4) 2(28.6) 0 Staphylococcus aureus (7) 
11(100) 11(100) 11(100) 11(100) 11(100) 8(72.7) 8(72.7) 10(90.9) Streptococcus spp (11) 
2 0 2 1 0 0 0 0 Enterococcus spp (2) 
2 2 2 2 2 2 2 2 Rothia dentocariosa (2) 

OXA: oxacillin, E: erythromycin, DA: clindamycin, CIP: ciprofloxacin, GEN: gentamycin, VAN: vancomycin, TEI: teicoplanin, 
LNZ: linezolide, CoNS: Coagulase negative Staphylococci 

 
Central line associated blood stream infections 
(CLABSI) were detected in four cases (4/10, 
40%) in the current study. The presence of an 
indwelling catheter has been shown in other 
studies to be an important prognostic factor in 
febrile neutropenic patients [11]. The incidence of 
CVC-associated BSIs in neutropenic patients 
could be significantly reduced (e.g. from 24.3 to 
16.2 per 1000 neutropenic days) by good training 
and education [12]. However not all CLABSI can 
be prevented by strict adherence to current 
CLABSI prevention bundles [13].    
 
The present study showed that the traditional 
concept of catheter-related infections being 
mainly due to gram-positive cocci may not be 
completely true. Indeed, in recent years, an 
increasing role played by gram-negative bacteria 
in causing catheter-related infections has been 
reported by several investigators, including ours 
[5,14,15]. In the present study, gram-negative 
bacteria were reported in (3/4) of catheter-related 
infections and a large proportion of the isolated 
strains belonged to the group of bacteria that are 
usually associated with gut translocation. Many 
studies have hypothesized the translocation of 
bacteria across the mucosal barrier, rather than 
their introduction through percutaneous central 
venous catheter, as a common mechanism of 
CLABSI in neutropenic patients [16,17]. 
Therefore, in a recent manual on CLABSI, the 
definition of Mucosal Barrier Injury-Laboratory 
Confirmed Bloodstream Infection (MBI-LCBI) has 
been introduced as "Blood culture positive for 
one of the following intestinal organisms such as 
Enterobacteriaceae, viridans Streptococci, 
Bacteroides spp., Enterococcus spp., 
Fusobacterium, Peptostreptococcus, Prevotella 
or Clostriudium in a neutropenic patient or in a 
HSCT recipient with severe gastrointestinal graft-
versus-host disease or diarrhea [6]. 
 
In accordance with our study, several risk factors 
in neutropenic patients influence the occurrence 
of BSIs such as mucositis, the presence of CVC, 
gastrointestinal bacterial colonization, prolonged 

hospital stay, acute myeloid leukemia and 
previous antibiotic treatments [18,19]. Latiff et al. 
[10] found none of the risk factors which were 
analyzed significant. These include the 
chemotherapy status, underlying disease, use of 
steroids and inpatient status at the onset of fever, 
although the presence of a central venous 
catheter conferred a higher risk but without 
statistical significance (p=0.11). 
 
As regard type of isolated organisms, there was 
predominance of GPB (53.7%, 36/67), however 
GNB represent (46.3%, 31/67). CoNS (38.9%) 
was the most common GPB. The predominance 
of CoNS may be attributed to long-term invasive 
devices in oncology children that can be the 
exogenous sources of bacteria into the blood 
stream that may reflect defects in hygienic 
precautions [2].    
 
The second common GPB was Streptococci 
(30.6%, 11/36) especially Viridans group 
Streptococci (VGS) (5/11), which are prominent 
members of the oral flora. They are the most 
common cause of streptococcal infections in 
patients with cancer, particularly in episode of 
neutropenia [20]. We reported two case of 
Granulicatella adiacens and one case of 
Granulicatella elegans, was originally known as 
‘nutritionally variant streptococci’, it is a normal 
component of the oral flora, but reported as a 
cause of bacterial endocarditis and advised to be 
treated in the same way as Enterococcal 
endocarditis [21]. So they can be considered as 
a cause of BSIs in immune compromised 
patients. 
 
The predominance of GPB reported in our study 
was in agreement with an Italian study that 
reported 191 BSIs in 156 patients from 18 
pediatric hematology and oncology centers, 
Gram-positive cocci caused 48.7% (93/191) of 
BSIs with predominance of VGS (20) and CoNS 
(43). Gram-negative rods 47.1% (90/191) with 
predominance of Pseudomonas spp (28) and 
Klebsiella spp (22) and fungi 10.9% (21/191) [5]. 
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Also, 250 patients with 328 BSI in a retrospective 
study at the National Cancer Institute (this     
center is a 90 bed tertiary care, Cairo University, 
Egypt), found predominance of gram-positive 
bacteria (168, 51.2%) including mainly CoNS 
(53, 16.2%), Staphylococcus aureus (44, 13.4%) 
and VGS (27, 8.2%). Gram-negative bacteria 
accounted for (97, 29.6%) of the total number of 
BSIs. Within gram negative isolates, 
Acinetobacter spp (22, 6.7%) were the most 
prevalent, followed by Pseudomonas spp (18, 
5.5%). Fungal isolates were 30 of the total 
number of isolates [22]. In evaluation of 14-
bedded pediatric oncology unit over a period of 3 
years, 313 septicemia episodes were recorded in 
131 children and Low-level pathogens such as 
CoNS account for 70% of these infections [2]. 
Another study in National Cancer Institute and 
Pediatrics, Egypt, found 348 BSIs in acute 
leukemia patients with predominance of GPC 
239(68.7%) of the total isolates (mainly 
Staphylococci either staph aureus (111), 
CoNS(56) while Gram-negative organisms 
accounted for 68(19.5%), (18 Pseudomonas spp, 
18 Acinetobacter spp, 18 E. coli spp) and 
fungemia was detected in 11 patients only (3.1%) 
[23]. Another study was done in Switzerland and 
Germany included 67 patients with febrile 
neutropenia episodes with bacteremia, a total of 
83 pathogens were identified; 54 (65%) were 
GPB (27 CoNS, 20 VGS) and 29 (35%) were 
GNB (15 E. coli) [24].   
 
In the current study Klebsiella pneumoniae 
(38.7%, 12/31) was the predominant GNB 
followed by pseudomonas aeruginosa (16.1%, 
5/31). We found a case of Aeromonas 
salmonicida, that  is mainly a fish pathogen and 
considered to be non-pathogenic for humans as 
it cannot grow at 37°C, although this the second 
case report  from human blood [25].   
 
Our study was in accordance with a surveillance 
study at the pediatric oncology unit of the 
University Hospital in Kuala Lumpur, Malaysia, 
that found Klebsiella pneumoniae, the most 
commonly isolated gram-negative bacteria, 
accounting for up to 20% of blood-culture 
isolates yearly. We found stool colonization with 
Klebsiella pneumoniae in (41.7%, 5/12) and 
Pseudomonas aeruginosa (40%, 2/5) in cases of 
septicemia with the same organism that is 
explained by gut translocation. Other studies 
proved the same finding that bacteraemia was 
preceded by the stool colonization with resistant 

organisms. In 43 bacteraemia episodes in 
patients with acute leukemia, 39 of them were 
preceded by surveillance cultures from various 
locations yielding the same organism [26]. 
Tancre`de and Andremont [27] had similar 
results showing stool colonization preceded 
bacteraemia with the same Enterobacteriaceae 
in 31/38 case. Wingard et al. [28] also found that 
25% of patients with bone marrow transplant 
colonized with a resistant organism went on to 
have an infection by the same organism while 
only 6% of patients developed an infection from a 
resistant organism that was not previously 
identified by surveillance stool cultures. Three 
criteria need to be fulfilled in order for 
microorganisms to cause septicemia due to 
translocation: Gut overgrowth, defined as ≥105 
micro-organisms per g of feces, increased 
permeability of the intestinal wall and 
immunosuppression [27,29].   
 
Decolonization will remain a controversial 
procedure to be considered before the onset of 
neutropenia but there is few data about its 
benefit [1]. By use of, oral gentamycin or a 
combination of oral gentamycin and colistin, the 
eradication rate of carbapenem resistant 
enterobacteraicae was 40-50% [30,31]. 
Infectious Disease Society of American 
guidelines [19] and the National Comprehensive 
Cancer Network Guidelines [32] suggested the 
use of fluoroquinolone as a prophylaxis in 
neutropenic patients at intermediate or high risk 
of infection with expected durations of prolonged 
and profound neutropenia. Possibility of selecting 
resistance to the last antibiotics that used for 
treatment of MDR(multidrug resistant) bacteria, is 
the main disadvantage of decolonization [1]. The 
rate of post-decolonization resistance was 25% 
and 45% to gentamycin and 40% to colistin in 
two studies [31,33]. However, the results of meta 
analyses indicated a strong protective effect of 
the full protocol of parenteral and enteral non-
absorbable antimicrobials of SDD (selective 
decontamination of digestive tract) on pneumonia 
and BSIs with resistance being controlled and 
reduction in mortality [2,34]. These guidelines 
were based on studies conducted in adults and 
but there is limited data about prophylaxis in 
pediatric patients with careful measurement of 
risks and benefits [35]. Due to increased 
resistance from use of prophylactic antibiotics, 
the use of synbiotics (prebiotic and probiotic) as 
a prophylaxis for bacterial translocation can be 
suggested. 
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Cancer is one of the leading causes of increased 
antibiotic resistance. Regarding resistance 
pattern of GPB in this study, methicillin 
resistance was detected in (10/14, 71.4%) CoNS 
and in all isolates of Staphylococcus aureus. 
Resistance to ciprofloxacin and gentamycin was 
in two isolates of CoNS (2) and not found in 
Staphylococcus aureus. No appearance of 
vancomycin resistance. All isolates of 
Streptococci were penicillin sensitive except one 
isolate of S. pneumoniae. High level gentamycin 
resistance was detected in one isolate of 
Enterococcus faecium without appearance of 
vancomycin resistance.  In agreement with our 
results, resistance to oxacillin was (33/43) in 
CoNS and (16/19) in S. aureus. Penicillin 
resistance was (8/20) in VGS [5].  A study in 
National Cancer Institute, Egypt, Methicillin 
resistant Staphylococcus aureus (MRSA) was 
(12/44, 27.3%). In addition, Vancomycin resistant 
Gram-positive strains were found in (33, 28.2%) 
[22]. A systemic review found that MRSA in 
cancer patients appears to be on the rise [36]. In 
the United States, penicillin resistance was 
reported in approximately 20% of invasive Cases 
of S. pneumoniae in 2010–2011 [37].   
 

Regarding resistance of GNB in the present 
study, ESBL producing Enterobacteriaceae was 
(13/16, 81.3%) (10/12 K. pneumoniae, 3/4                  
E. coli), all these isolates were sensitive to 
ciprofloxacin and amikacin. The high percentage 
of ESBL make the empirical therapy with 
cephalosporins or piperacillin/tazobactam 
ineffective, this was in agreement with other 
studies [38,39]. ESBL producing 
Enterobacteriaceae is mainly detected in                     
K. pneumoniae more than E. coli as found by 
Prabhash et al. [40] who detect ESBL in 
(15.15%) of Enterobacteriaceae and more 
frequently in K. pneumoniae (62.86%) than                 
E. coli (50.94%) and Enterobacter cloacae 
(9.09%). Also in one year study bacteremia due 
to ESBL was more common in K. pneumoniae 
(11/14) than E. coli (15/87) and all the isolates 
were susceptible to carbapenems (meropenem 
and imipenem–cilastatin) [41].  
 

Viscoli et al. [5] found different resistance pattern 
for GNB, (5/58, 9%) strains tested were resistant 
to both amikacin and ceftriaxone, (10/78, 13%) to 
both amikacin and ceftazidime, to 
fluroquinolones were (12/80, 15%) and (11/59, 
19%) to the carbapenems. Also Ali El-Din et al. 
[22] found resistance of GNB to Ceftazidime 
(60%), to Amikacin and Imipenem (50%) and 
(40%) for Piperacillin-tazobactum, Cefoperazone, 
Cefepime and Ciprofloxacine.  

In the present study,  carbapenem resistance 
was detected in one isolate of Klebsiella 
pneumoniae, one isolate of Pseudomonas 
aeruginosa and the two isolates of Acinetobacter 
baumanii that were sensitive to colistin. Although 
a study done in pediatric unit of   National Cancer 
Institute during one year duration extending from 
first January to end of December 2014 ,reported 
carbapenem resistance in Enterobactreacae 
isolates (95 /207, 45.9%) with increased 
incidence in Klebsiella pneumoniae (31/80, 
39%). Also carbapenem resistance was (12/19, 
63%) of Acinetobacer baumanii, (3/7, 42%) of 
Stenotrophomonas maltophilia, and (9/47, 19%) 
of Pseudomonas aeruginosa. colistin resistance 
was detected also in Enterobactreacae isolates 
(10/223, 44%) and Non-Fermenters (6/76, 8%) 
with increased mortality rate [42]. 
 

Although most studies detect high resistance 
whether in GPB or GNB that differs according to 
the antibiotic policy at each institute, a study in 
the oncology unit at Alder Hey hospital, England, 
found rare antibiotic resistance. No detection of 
methicillin resistance or vancomycin resistance in 
164 CoNS and 19 Staphylococcus aureus 
isolates. In 27 pseudomonas, two only were 
MDR, in 11 E. coli, no MDR, in 11 Klebsiella spp, 
only one isolate was ESBL [2]. 
 
In this study, the sensitivity of ESBL producing 
Enterobacteriaceae to TZP and CFS was 
(69.2%, 53.8% respectively). These observations 
had greatly helped selecting empirical antibiotic 
treatment in febrile neutropenia. In our institute, 
first-line empiric antibiotic therapy was CFS or 
combination of CFS and amikacin according to 
the patient criteria, that showing appropriate 
sensitivity pattern that has been given edge in 
the literature also [43]. This was supported by 
Prabhash et al. [40] that found the sensitivity of 
the β-lactam/β-lactamase inhibitors (BLBLIs) 
combinations was better in the overall activity 
against GNB [48.8% susceptibility for TZP and 
58.5% for CFS] with reported resistance to 
carbapenem (28.8%). Also in a study that include 
(141/269) Enterobacteracae ESBL and conclude 
carbapenems were the most sensitive followed 
by cefepime-tazobactam (CPT), cefepime, CFS 
and TZP [44]. Twenty-four (92%) of the ESBL-
producing organisms were susceptible to either 
piperacillin-tazobactam or amikacin and 
recommend use of piperacillin-tazobactam plus 
amikacin or isepamicin instead of carbapenem, 
as an  empirical therapeutic options for patients 
with neutropenic fever who are at high risk of 
developing bacteremia with ESBL-producing 
pathogens [45]. Also in a study that isolated 
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(210, 52.5%) isolates that were ESBL  
producers, (89, 22.25%) were AmpC producers, 
and (101, 25.25%) produced both types of 
enzymes in 400 total isolates, found that 88% 
sensitive to Cefepime/Tazobactum, 76% to 
amikacin and 66% to CFS, so these                        
antibiotics can empirically serve as carbapenem 
sparing agents in the treatment of infections 
other than BSIs, in hemodynamically stable 
patients [46]. Also  Harris et al. [47] found     
BLBLIs appear to have a similar efficacy to 
carbapenems in the treatment of cefotaxime-
resistant E. coli and Klebsiella pneumoniae, (92) 
BSIs by making in vivo trial without significant 
difference in death rate, resolution of systemic 
inflammatory response syndrome, length of 
hospital stay, difference in isolation of 
carbapenem resistance, Cl. difficile isolation and 
relapsed BSI. So therapy with a BLBLI, when 
susceptibility is proven, may represent an 
appropriate carbapenem-sparing option. These 
findings direct the use of BLBLIs combinations 
especially, the TZP as alternative for 
carbapenems in treating of bacteremia caused 
by ESBL-producing organisms to decrease 
carbapenem resistance that increased                  
globally [48]. There is also report of a case of 
MRSA-associated CRBSI successfully treated 
with the combination of fosfomycin, CFS and 
rifampin followed by fusidic acid and rifampin as 
has been supported by evidence from in vitro 
studies [49]. 
 
5. CONCLUSION 
 
We believe our study is one of the few studies in 
Egypt which spotted the light on the various 
types of organisms causing BSIs, along with their 
susceptibilities, risk factors and management. 
Infection with resistant bacteria is the challenge 
in pediatric oncology. So comprehensive hospital 
infection control practices, and judicious 
antibiotic usage will improve the problem in 
developing countries. More studies also needed 
to evaluate the benefits of selective 
decontamination of digestive tract in decreasing 
blood stream infections in neutropenic pediatrics. 
Further studies are needed for evaluation of β-
lactam/β-lactamase inhibitors in treatment of 
ESBL Enterobacteriaceae to decrease incidence 
of carbapenem resistance that is increased 
worldwide. 
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