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ABSTRACT
للمضادات  والمقاومة  الخطر،  وعوامل  وبائيات،  تقييم  الأهداف:  
أو  الدم  )GNB( عند مرضى سرطان  للبكتيريا سالبة الجرام  الحيوية 

الأورام الخبيثة الصلبة.

الدم  تجرثم  حالة   61 تشمل  استعادية  دراسة  هذه  الطريقة:  
بالبكتيريا سالبة الجرام GNB التي حدثت في 56 من المرضى الذين 
بمستشفى  الأورام  وحدات  في  المنومين  الخبيثة  الأورام  من  يعانون 
العربية  المملكة  في  الدراسة  اجراء  بالرياض. تم  الجامعي  الملك خالد 
السعودية خلال الفترة من يناير 2013 إلى أكتوبر 2015. تم الحصول 
على المعلومات من قاعدة البيانات الحاسوبية من مختبر علم الأحياء 
المجهرية والسجلات الطبية للمرضى بمستشفى الملك خالد الجامعي.

والأورام   ،)54%(  30 الدموية  الخبيثة  الأورام  مثلت  النتائج:  
الأكثر  الدموية  الخبيثة  الأورام  كانت   .)46%(  26 الصلبة شكلت 
 6 الليمفاوية  الغدد  سرطان  يليه   ،)77%(  23 الدم  سرطان  شيوعاً 
 9 والمستقيم  القولون  سرطان  كان  الصلبة،  الأورام  بين   .)20%(
)34.6( وسرطان الثدي 6 )%23( الأكثر شيوعاً. وكانت البكتيريا 
الراكدة  يليها   ،)E. coli( )29.5%( القولونية  الإشريكية  السائدة 
البكتيريا  معدل  وكان   .)A. baumannii( )18%( البومانية 
كولاي  الاي  بكتيريا  من   lactamases-البيتا لانزيمات  المنتجة 
وكليبسيلا الالتهاب الرئوي )%34.6(. وكان معدل المقاومة لمضاد 
الإيميبينيم بين الزائفة الزنجارية Pseudomonas aeruginosa والراكدة 
البومانية/A. baumannii عالية )%52.4(. وكان معدل الكائنات 
بتجرثم  المرتبطة  الخطر  عوامل  وكانت   .)43.5%( المقاومة  متعددة 
ما  مرحلة   ،)32.1%( المركزة  بالعناية  المريض  وجود  تتضمن  الدم 
كان   .)21.4%( وريدي  انبوب  ووضع   ،)23.2%( الجراحة  بعد 
معدل الوفيات لمدة 30 يوماً للمرضى الخاضعين للدراسة عالٍ بنسبة 

.)32.1%(

الجرام  سالبة  البكتيريا  بين  العالي  المقاومة  معدل  ضوء  في  الخاتمة:  
GNB المعزولة من مرضى الأورام الخبيثة في مستشفى الملك خالد، 
فأننا ننصح بالاختيار الدقيق للمضادات الحيوية على أساس اختبارات 

الحساسية لمضادات الميكروبات.

Objectives: To evaluate the epidemiology, risk factors, 
and antibiotic resistance of Gram negative bacteria 
)GNB( in patients with hematologic or solid organ 
malignancies. 

Methods: This is a retrospective study of 61 episodes 
of GNB bacteremia occurring in 56 patients with 
malignancy admitted to the Oncology Units in King 
Khalid University Hospital, Riyadh. Kingdom of Saudi 
Arabia during the period from January 2013 to October 
2015. Data were retrieved from the computerized 
database of the microbiology laboratory and the patient’s 
medical records.

Results: Hematological malignancies accounted for 30 
)54%( and solid tumors accounted for 26 )46%(. The 
most common hematological malignancies were leukemia 
23 )77%(, followed by lymphoma 6 )20%(. Among solid 
tumors, colorectal cancer 9 )34.6( and breast cancer 6 
)23%( were the most common. The most predominant 
pathogen was Escherichia coli )E. coli( )29.5%( followed 
by Acinetobacter baumannii )A. baumannii) )18%(. The 
extended-spectrum beta-lactamases producers rate of 
E. coli and Klebsiella pneumonia was )34.6%(. Imipenem 
resistance among Pseudomonas aeruginosa/ A. baumannii 
was high )52.4%(. The multi-resistant organisms rate 
was )43.5%(. Risk factors associated with the bacteremia 
were ICU admission )32.1%(, post-surgery )23.2%(, 
and placement of central line )21.4%(. The overall 30-
day mortality rate of the studied population was high 
)32.1%(.

Conclusion: In light of the high resistant rate among 
the GNB isolated from malignancy patients from 
our institution, careful selection of antimicrobial 
treatment based on antimicrobial susceptibility testing is 
recommended. 
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Blood stream infection caused by Gram-negative 
bacilli )GNB( is a significant threats to hospitalized 

patients, cancer patients are particularly prone to 
hospital-acquired bacteremia. This can be due to the 
effect of chemotherapy on their immune system.1 Data 
over the past decade have found a higher prevalence of 
Gram-positive organisms as the predominant etiologic 
agent causing nosocomial bacteremia among patients 
with malignancy. However recent reports have shown 
a considerable change in the spectrum and antibiotic 
susceptibility pattern of organisms causing bacteremia 
with reemergence of Gram-negative bacteria in cancer 
patients.2,3 In recent years, a notable increase in antibiotic 
resistance among Gram-negative bacteria has been 
reported, especially in critically ill patients, including 
patients with malignancy.4 Limited information is 
available regarding the spectrum and microbiology of 
these infections in cancer patients in our country. 5-8 
We aim to evaluate the epidemiology and risk factors 
of acquiring GNB bacteremia in febrile cancer patients 
at a university hospital in Saudi Arabia, emphasizing 
the emergence of multi-resistant organisms and their 
antibiotic resistance patterns.

Methods. Setting, patients, and study 
design. A retrospective study was conducted in King 
Khalid University Hospital, a 200 bed hospital 
admitting children and adult cancer patients, Riyadh, 
Saudi Arabia. The study included all hospitalized 
cancer patients diagnosed with solid and hematologic 
malignancy with at least one episode of bacteremia 
from January 2013 to October 2015. Variables of 
interest included age, gender, presence of solid tumor 
or hematologic disease, underlying disease, type of 
infection, and causative microorganisms. The presence 
of the following comorbid conditions were also 
documented: recent operation, corticosteroid use, 
immunosuppressant use, indwelling urinary catheter, 
cancer status, central venous catheter use, length of 
intensive care unit )ICU( stay, and the 7- and 30-day 
mortality. 

Exclusion criteria. gram-negative isolates from 
patients having bacteremia in the same admission 
during the study period were excluded. 

Definitions. Bacteremia is defined as isolation of 
the same bacterial or pathogen from at least one set 
of blood cultures )2 bottles taken at the same time(. 

Bacteremia is considered polymicrobial if at least 2 
organisms from the same blood culture on 2 occasions 
are isolated, or more than one organism each in at least 
2 separate blood cultures within 48 hours.10 Bacteremia 
occurring more than 14 days after a previous episode 
and separated by repeatedly negative blood cultures was 
considered a separate episode. Fever was defined as oral 
temperature of 38°C or above for at least one hour.9 

Each new hospital admission for cancer patients with 
fever was defined as a separate episode.

Microbiological identification and susceptibility 
testing. Blood cultures received from all febrile cancer 
patients in the study period were included. Blood cultures 
were performed using BACTEC 9240 automated system 
)Becton-Dickinson Microbiology Systems Sparks, MD, 
USA(. The GNB were identified and their antibiotic 
susceptibility was tested using commercial panels from 
the MicroScan system )Siemens Healthcare Diagnostics 
Inc., West Sacramento, CA, USA(. Negative blood 
culture bottles were incubated for 7 days before being 
reporting negative. Interpretive criteria )breakpoints( for 
susceptible, intermediate, and resistant bacterial isolates 
were those included in the Clinical and Laboratory 
Standards Institute guidelines )CLSI(.11 Strains showing 
“intermediate” antimicrobial susceptibility profiles were 
considered to be resistant. Antimicrobial susceptibility 
testing and extended-spectrum beta-lacamases 
)ESBL( confirmatory testing were performed using an 
automated system for the modified broth microdilution 
method or the disk diffusion method according to the 
recommendations of the CLSI.11 Sensitivity testing for 
non-Enterobacteriaceae was carried out by using agar 
dilution method as recommended by CLSI.11 In this 
study, gram-negative bacteria were considered multidrug-
resistant, when resistant to third and fourth generation 
cephalosporins, fluoroquinolones, aminoglycosides, and 
carbapenems, including Stenotrophomonas maltophilia  
(S. maltophilia), carbapenem-resistant Pseudomonas 
aeruginosa (P. aeruginosa), and Acinetobacter baumannii 
)A. baumannii).12 

Statistical analysis. Data were reported as the 
mean standard deviation )SD( or number of patients 
)percentage( using the Statistical Package for the Social 
Sciences version 23 )IBM Corp., Armonk, NY, USA(. 

Results. In the present study, both patients with 
hematologic malignancies )leukemic patients( and 
patients with solid tumors were included in the study. 
In addition, we detected the risk factors, mortality 
rates attributed to nosocomial infections caused by 
gram-negative isolates. Almost half )29/51%( of our 
studied population were elderly above 50 years of 
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age. Among the 61 microbiologically documented 
febrile episodes in 56 patients with malignancy, 
hematological malignancies accounted for 30 )54%(, 
while solid tumors accounted for 26 )46%(. The most 
common hematological malignancies were leukemia 
23 )77%(, followed by Hodgkin’s and non-Hodgkin’s 
lymphoma 6 )20%(. The distribution of solid tumor 
in malignancy patients was as followed: Colorectal 
cancer 9 )34.6%( followed by breast cancer 6 )23%(, 
brain cancer 4 )15.3%(, bladder cancer 3 )11.5%(, gall 
bladder cancer 3.27% )2/61%(, Cholengiocarcinoma 
2 )7.6%(, pancreatic cancer and sarcoma 1 )4%( 
for each. Significant risk factors associated with the 
bacteremia were ICU admission 32.1% )18/56(, 
post-surgical 23.2% )13/56(, and central line 21.4% 
)12/56( )Table 1(. The multi-resistant organisms 
)MRO( represent 43.5 of all isolates. The ESBL rate 
of Escherichia coli )E. coli) and Klebsiella pneumonia 
)K. pneumonia(, was 34.6% )9/26(. The overall 30-day 
mortality rate of the study population was high 32.1% 
)18/56(. The microbial spectrum of gram-negative 
bacteria isolated from various infection sites in 
hospitalized cancer patients is shown in Figure 1. The 
spectrum studied was not limited to the most common 
gram-negative bacteria, but included less-frequent 
gram-negative bacteria as well. The most predominant 
pathogen was E. coli 29.5% )18/61( followed by 
A. baumannii. 18.0% )11/61(, Pseudomonas spp. 
16.3% )10/61(, and K. pneumonia 13.1% )8/61(. 
Other organisms included, Salmonella spp. )6.5%(, 
Serratia marcescens )4.9%(, Enterobacter spp. )3.24%( 

Table 1 - Epidemiological and clinical characteristic of 
56 malignancy patients with GNB bacteremia.

Characteristics No )%(
n=56*

Age, years  
1-18   7 )13.0(
19-30 10 )18.0(
31-50 10 )18.0(
>50 29 )51.0(

Clinical characteristics  
Type of malignancy 

Hematological    30 )54.0(
Leukemia    23 )77.0(
Lymphoma      6 )20.0(
Multiple myeloma      1   )3.0(

Solid tumor    26 )46.0(
CA-colon/rectum       9 )34.6(
CA-breast      6 )23.0(
Brain tumor      4 )15.3(
CA-bladder      3 )11.5(
Cholengiocarcinoma      2   )7.6(
CA-pancreas      1   )4.0(
Sarcoma      1   )4.0(

ICU admission    18 )32.1(
Septic shock      2   )3.2(
Post-surgical    13 )23.2(
Central line    12 )21.4(
ESBL      9 )34.6(
MRO    26 )43.5(
Poly-microbial infection      2   )3.2(
Number of death    18 )32.1(

*Five patients have 2 episodes of bacteremia during 
the same admission with different organisms, 

GNB - Gram-negative bacteria, ESBL - extended-
specturm beta-lactamases, CA - cancer, ICU - intensive 

care unit, MRO - multi-resistant organisms

Figure 1 - The microbial spectrum of Gram-negative bacteria causing bacteremia in patients with malignancy,  
A. baumannii - Acinetobacter baumannii, E. coli  - Escherichia coli, K. pneumoniae - Klebsiella pneumoniae
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proteus mirabilis, Aeromonas hydrophila, Salmonella typhi, 
Citrobacter koseri and S. maltophilia contributed to 
)1.6%( with one isolate each. The resistance profile 
of the isolated fermentative gram-negative bacteria 
was examined )Table 2(. The highest sensitivity was 
shown to imipenem and meropenem. Nearly 50% 
of E. coli isolates and 25% of Salmonella spp. were 
resistant to ciprofloxacin. The susceptibility profile of 
A. baumannii and P. aeruginosa is shown in Table 3. 
Imipenem resistance among P. aeruginosa/ A. baumannii 
was high 52.4% )11/21(. Multi-resistant organisms  
rate among the isolates of P. aeruginosa/ A. baumannii 
was 31.1% )19/61(.

Discussion. Bacteremia is a major cause of life 
threatening and poor outcome in patients with cancer, 
particularly patients with hematologic malignancies, 
such as leukemia and lymphoma. The spectrum of 
microorganisms isolated from blood culture have 
been significantly changed over the past decades, with 
reemergence of GNB as the leading causative agents.13,14 
The current study was carried out with the intention 
of testing the etiology of bacteremia in febrile cancer 
patients, and to describe in more detail the clinical 
characteristics and outcome of patients. Our study 
revealed that E. coli followed by A. baumannii and 
P. aeruginosa as the predominantly isolated pathogens. 
This result is similar to previous studies,15,16 where 
E. coli was the most prevalent organism. 

In a recent study from Lebanon,15 E. coli represent 
)39.5%( of all gram negative organisms. In another study 
from Pakistan16 to evaluate drug resistance amongst 
bacteremic isolates of febrile neutropenic patients, 
E. coli was found to be the most predominant organism 
of the Enterobacteriaceae group while P. aeruginosa 

and Acinetobacter species were the most common 
isolates among the non-Enterobacteriaceae group.16 
In contrast to this finding, a study from Greece17 
revealed that, Pseudomonas spp. was the most common 
cause )19%(, followed closely by E. coli )18%( and 
K. pneumoniae )17%(. Recently, there is an emergence 
of drug-resistant GNB, such as ESBL producing GNB, 
MRO P. aeruginosa, A. baumannii, S. maltophilia, 
and carbapenemase-producing GNB.18,19 The 
emergence of carbapenemase-producing K. pneumoniae 
)KPC-Kp( blood stream infection among patients with 
hematologic malignancies is a major concern. The 
KPC-Kp has contributed to 26 )18%( of all 147 blood 
stream infections caused by gram negative bacteria 
in patients with hematologic malignancies in Italy.20 
In this study, the extended-spectrum beta-lactamases 
producers )ESBLs( rate was 34.6%. This rate is 
considerably higher than that reported by Kang et al21 
)23.7%(. This finding might be related to the extensive 
use of ß-lactam agents in the management of oncology 
patients in our institution. The increasing incidence of 
ESBL-producing bacteremia in cancer patients could 
contribute to increasing rates of treatment failure and 
poor outcome in such patients with severe infectious 
complications.22 In a Korean study,23 approximately 
40% of patients factors associated with ESBL-producing 
bacteremia were nosocomial acquisition, ICU care, 
and prior use of antibiotics. Gudiol and Carratala,24 
reported that the risk factors of bacteremia due to GNB 
in febrile neutropenic cancer patients vary depending on 
the type of organism, duration of hospitalization, and 
antibiotic therapy. Several factors have been implicated 
for the emergence of multi-resistant GNB, namely 
the increased placement of indwelling catheters, the 
administration of antimicrobial prophylaxis, the nature 

Table 2 - Susceptibility of fermentative gram-negative isolates from blood stream infection of patient with malignancy.

Organism TAZ MEP IMP GM AK AMP FEP CIP ATM CTX FOX CAZ CRO CXM
E. coli 
)n=21(

12 )57( 18 )86( 18 )86( 15 )71( 17 )81( 3 )14( 10 )48( 9 )43( 12 )57( 12 )57( 15 )71( 12 )57( 11 )52( 9 )43(

E. aerogenes 
)n=5(

4 )80( 5 )100( 5 )100( 5 )100( 4 )80( 0 )0( 5 )100( 5 )100( 5 )100( 3 )60( 1 )20( 3 )60( 4 )80( 1 )20(

K. pneumoniae 
)n=10(

5 )50( 8 )80( 8 )80( 8 )80( 8 )80( 0 )0( 7 )70( 8 )80( 7 )70( 7 )70( 8 )80( 7 )70( 7 )70( 7 )70(

Salmonella 
)n=5(

1 )25( 3 )75( 3 )75( 0 )0( 0 )0( 1 )25( 0 )0( 3 )75( 3 )75( 3 )75( 0 )0( 0 )0( 3 )75( 0 )0(

E. coli  - Escherichia coli, E. aerogenes - Enterobacter aerogenes, K. pneumoniae - Klebsiella pneumoniae

Table 3 - Susceptibility of A. baumnii and P. aeruginosa causing blood stream infection in malignancy patients.

Organism TAZ MEP IMP GM AK FEP CIP ATM CAZ
A. baumnii )n=11(, )%( 2 )18.2( 2 )18.2( 3 )27.3( 5 )45.5(    3 )27.3( 2 )18.2(    1 )9.1( 1   )9.1( 2 )18.2(
P. aeruginosa )n=10(, )%( 7 )70.0( 8 )80.0( 7 )70.0( 9 )90.0( 10 )100( 9 )90.0( 10 )100( 9 )90.0( 8 )80.0(

A. baumannii - Acinetobacter baumannii, P. aeruginosa - Pseudomonas aeruginosa
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of chemotherapeutic regimens currently in use, as well 
as several environmental conditions that are still poorly 
identified. Intensive care unit admission, placement of 
central line, and post-surgery were significant factors 
associated with bacteremia in this study. The impact 
of antimicrobial resistance, ESBL-producers, and 
MRO, on outcome in patients with malignancy is still 
a controversial issue.25,26 Furthermore, the association 
between multi-resistant organisms and ESBL producing 
GNB, and serious infection in patients with malignancy 
has not been fully established. A major concern is the 
progressive emerging resistance to carbapenem group 
of antimicrobial agents, which are considered to be the 
mainstay treatment of blood stream infection caused 
by resistant GNB. In a study from Pakistan,27 rising 
trend of resistance against this group of antibiotics 
was observed among Enterobacteriaceae including 
P. aeruginosa. Acinetobacter species were highly resistant 
against imipenem/meropenem.27 We observe in our 
study that 52.4% of P. aeruginosa/A. baumannii were 
imipenem resistant and the overall MRO resistant rate 
was 43.5%. In addition, the hospital mortality rate was 
relatively high 32.1% in the present analysis compared 
with 20% in the 2 previous studies from lebanon.28,29 
These results are higher than a recent published data 
documenting mortality rates ranging between 4-7%.30-32 

In conclusion, the pattern of infecting organisms 
in febrile malignancy patients has been not been well 
studied in Saudi Arabia. Our data suggest that there 
is a rising trend of highly resistant organisms stresses 
the increasing importance of continuous surveillance 
system and stewardship of antibiotics as strategies in the 
overall management of patients with malignancy and 
determining the optimal empiric antimicrobial therapy.
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