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Objective: This study is aimed to determine the local profile of blood culture isolates and changes in the susceptibility patterns to guide the antibiotic therapy in oncology and
haematology units.

Methods: Microbiologically documented hospital-acquired bloodstream infections were reviewed between 2005 - 2007 as a part of infection control surveillance in haematology-
oncology department of a university hospital.

Results: 194 microorganisms were isolated in 170 bloodstream infections episodes. Among these episodes, 79,1% (n=31), 80,9% (n=>51) and 70,5% (n=48) were monomicrobial
inyears 2005, 2006 and 2007, respectively. Among the isolated 194 microorganisms, the ratio of the gram-negative bacteria were slightly increasing throughout these three years;
68,9%, 70,4% and 77%, whereas the gram-positive bacteria were decreasing 31,1%, 23,9% and 19,2%, respectively and Candida species were the cause of 4 episodes (5,6%) in
2006 and 3 episodes in 2007 (3,8%) (p>0.05). The majority of the cases were primary bloodstream infections. The most prevalent secondary cause of bacteremia was urinary tract
infections in year 2005 and 2007 and pneumonia in 2006. Extended spectrum beta lactamases (ESBL) rate among £.coli and Klebsiella spp. isolates were 69,6%, 40% and 79,2% in
years 2005, 2006 and 2007 respectively. Vancomycin resistance was high; 15/20 among Enterococcus species in the three years. The most effective agents against gram negative
bacteria were aminoglycosides and carbapenems.

Conclusion: As a conclusion, gram negative microorganisms especially the Enterobacteriaecea are the major cause of bacteremia in haematology and oncology patients. Due to

the high resistance rates, antibiotic therapy should be selected strictly.
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Introduction

Infections are inevitable complications which are result of
neutropenia and impaired immune response after chemothe-
rapeutic use in cancer patients. Most of these infections are
hospital-acquired in nature, because patients with cancer have
prolonged and repeated contact with hospital environment
and are exposed to numerous sources of infection which may
involve invasive procedures. Additionally, they generally suffer
from immunosuppressive chemotherapy and radiation. Aggres-
sive antineoplastic chemotherapy is a risk factor for infections in
immunocompromised patients with cancer (1-4).

Bloodstream infections in cancer patients account for approxi-
mately more than 20% of hospital-acquired infections (5-7).
Hospital-acquired bloodstream infections in cancer patients can
be caused by a variety of microorganisms, but the most com-
mon pathogens are bacteria followed by fungi. The prognosis of
nosocomial bloodstream infections is influenced by many fac-
tors, including the microorganism causing the sepsis, the sour-
ce of infection, the absolute neutrophil count, the bone marrow
status, and the presence or absence of shock.(4-6). Bloodstream
infections are often associated with high mortality rate.

Currently, gram-positive bacteria are isolated more often than
gram negative bacteria in bloodstream infections in cancer pa-
tients (8). However: in developing countries this shift is not true
because of the limited sources for infection control measures
(8-11).

Additionally, by prompt and appropriate empirical antibiotic
therapy, mortality was shown to be decreased and over the de-
cades it became mandatory. One of the major principles of the
management of infections in patients with cancer is to recogni-
ze the variability from one time period to another. Regular lo-
cal data relating causative microorganisms leading to hospital-
acquired bloodstream infections are very important to control
infections in these countries, such as Turkey. For this reason,
local surveillance data should be maintained regularly for early
and appropriate empirical therapy.

The objective of this article is to report a 3 years study of hos-
pital-acquired bloodstream infection surveillance results in an
oncology unit that is based on National Nosocomial Infections
Surveillance (NNIS) system methods.

These data might serve for comparative studies with other on-
cology ICUs and also help to develop a more efficient surveillan-
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ce system, allowing for detailed infection control measures for
these high-risk patients.

Material and methods

The study was conducted athaematology-oncology department
of Cukurova University Hospital. Both hematological and solid
organ malignancies were followed up by this department. Be-
fore 2006 our haematology and oncology patients were hospi-
talized in the same ward and after 2006 these two units were
separated. Antibiotic policies have been derived by infectious
diseases, haematology and oncology professionals since 2000
according to Infectious Diseases Society of America (IDSA) gui-
delines for febrile neutropenia (12-13).

Surveillance data of the infection control committee reviewed
blood culture positive infections in these units for the years
2005-2007. An episode of bacteremia was defined as a clinically
significant isolate(s) in blood cultures with compatible clinical
findings of infection. An episode was considered as monomi-
crobial only when one organism was isolated; the recurrent iso-
lation of the same organism from blood over a four-week pe-
riod was considered as a part of the same episode. When more
than one organism was isolated from a patient’s blood cultures
within 48 hours, the episode was called as polymicrobial. The
diagnosis of bloodstream infection was based on the Center for
Disease Control (CDC) criteria and performed by infection con-
trol doctor and nurses.

Bactec (BD Becton Dickinson) and VITEC 2 (BioMerioux) systems
were used for culture, identification and susceptibility testing.
Standard accredited methods were used for organism isolation
and identification, and sensitivity testing was performed using
a comparative plate disc diffusion method (8).

Resistance to an antibiotic was defined as an intermediate or re-
sistant according to the disc sensitivity test result. Glycopeptide
resistance amongst the enterococci was confirmed using Etest
methodology.

Statistical analysis was performed using the statistical package
SPSS v 15.0. Comparisons were done using the Chi-square test
or trend analyses. Descriptive statistics were used and data were
expressed as frequency (n), percent (%), median and range.

Results

In the haematology-oncology unit, a total of 2486 patients were
hospitalized in a three year period (411, 1086 and 989 in years
2005, 2006 and 2007, respectively). There were 170 episodes of
documented bloodstream infections (bacteremia/fungemia)
in total of 131 patients over the three year period. The rate of
bloodstream infections (episodes / total hospitalized patients
in oncology and haematology unit) was 6,8%. Male:female ra-
tio was 1,3:1. The median age in haematology and oncology
unit who had bloodstream infection was 42 years (range 17-73
years) in 2005, 39 years (range 18-75 years) in 2006 and 47 years
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(range 20-84 years) in haematology unit and 52 years (range 26-
73 years) in oncology unit in 2007.

Of the 170 episodes, 79,1% (n=31), 80,9% (n=51) and 70,5%
(n=48) were monomicrobial in years 2005, 2006 and 2007, res-
pectively.

A total of 194 microorganisms were isolated, 39 episodes of
documented bloodstream infection in 30 patients in 2005, 63
episodes in 50 patients in 2006 and 68 episodes in 51 patients
in 2007.

Of the 194 episodes, while the ratio of the gram-negative bac-
teria were slightly increasing in three years; 68,9%, 70,4% and
77%, gram-positive bacteria were decreasing 31,1%, 23,9% and
19,2%, and Candida species were causative agents in 4 episodes
(5,6%) in 2006 and 3 episodes in 2007(3,8%) (p>0.05) (Table 1,
figure 1).

The majority of the cases were primary bloodstream infections.
The most prevalent secondary cause of bacteremia was urinary
tract infections in year 2005 (15,6%) and in year 2007 (11,6%)
and pneumonia (8,5%) in 2006 (Table 2).

In our haematology and oncology unit, source of bloodstream
infection was assessed and no significant difference was shown
in between. But in 2005 two patients were monitorized in the
same service and the source of infection was not identified.
However, bloodstream infection rate (bloodstream infection
episode/total number of hospitalized patients) increased from
7,3% to 13,1% in haematology unit, decreased from 5,9% to
3,8% in oncology unit between 2006 and 2007. This data is
shown in Table 3.

High rates of resistance in both gram negative and positive pa-
thogens were prominent. Extended spectrum beta lactamases
(ESBL) percentages among E.coli and Klebsiella isolates were
69,6%, 40% and 79,2% in years 2005, 2006 and 2007 respec-
tively. Vancomycin resistance was also high; 7/8, 3/5 and 5/7
among Enterococcus species in three years. The methicillin re-
sistant Staphylococcus aureus (MRSA) rates were 2/3 in the year
2005, 2/5 in 2006 and 1/5 in 2007.

The most effective agents for gram negative bacteria were ami-
noglycosides and carbapenems. The resistance rates among the
predominant pathogens Enterobactericaea are shown in Table 4.

Discussion

Malignant hematologic diseases require intensive treatment
regimens. Neutropenia following chemotherapy in this patient
population is common, often profound and prolonged, with an
increased risk of infection (14). Neutropenia is recognized as an
independent risk factor for central line related blood stream in-
fection (15).

Our study revealed that Gram negative bacteria were predomi-
nant. This has been an observation among similar studies done
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Table 1. Microorganisms causing blood-stream infections in haematology-oncology units.

2005 2006 2007
n % n % n %
Gram-negative | E. coli 16 356 | 22 31,0 | 25 32,0

K. pneumoniae | 6 13,3 7 99 7 9

A. baumannii 3 6,7 6 8,5 6 7,7

P. aeruginosa 2 4,4 5 7,0 2 2,6

E. cloacae 3 3,8
Burkholderia 4 5,6

spp.

C. indologenes 1 14

K. oxytoca 1 2,2 1 1,4 7 9
S. malthophilia 1 14 5 6,4
P. mirabilis 1 1,4 1 1,3
Rhizobium 1 14

radiobacter

Shigella sonnei | 1 2,2

Other non- 2 4.4 1 1,4
fermantative
gram (-)
bacillus

Other gram 4 5,1
negative
organisms

Total 14 311 17 24 15 19,2

Gram-positive | Enterococcus 8 178 |5 7,0 7 9

SPp

S. aureus 3 6,7 5 7,0 5 6,4

Coagulase- 2 4,4 4 5,6 2 2,6
negative sta-
phylococcus

S. pneumoniae | 1 2,2 1 1,4

S. mitis 2 2,8

Other Strepto- 1 1,3

coccus spp

Total 31 689 |50 |704 60 77
Fungi C. albicans 3 4,2 1 1,3

C. krusei 1 1,3

C. kefyr 1 1.3

C. lusitaniae 1 1,4

Total 45 1000 | 71 100,0 | 78 100

in patients in the developing countries (9-11). The reasons for
this could be the relatively lower use of indwelling catheters
and other portal devices. Another reason can be the lack of the
application of prophylactic antibiotic regimens in neutropenic
patients. Our institute does not use empirical antibiotics for pre-
vention of bacterial infections among cancer patients.
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Table 2. Sources of blood stream infections (BSI) in haematology-oncology units.

2005 2006 2007

Frequency | Percent | Frequency | Percent | Frequency @ Percent
Primary | 35% 77,8 58%* 81,7 65%%% 83,3
blood
stream
infection
Urinary | 7 15,6 4 5,6 9 11,6
infection
Pneu- 2 44 6 8,5 3 38
monia
Soft 1 2,2 i 4,2 rxx* 1,3
tissue
infection
Total 45 100,0 71 100,0 78 100,0

* 4 catheter induced BSl infections
** 5 catheter induced BSl infections
*** 6 catheter induced BSI infections
**** Decubitis infection, cellulitis cases

Despite the 4-fluoroquinolones are not part of a prophylactic
regimen on either unit, fluoroquinolone resistance was a signifi-
cant problem among strains of Enterobacteriacea isolated from
blood. Resistance was, however, seen in nearly 37% isolates of
E.coli, K. pneumoniae and other coliforms and in 22% of P. aeru-
ginosa isolates of. MRSA bacteremia is not endemic in either unit
and therefore active MRSA infection control measures are wor-
thwhile. It is interesting to note that documented fungemia is
low in last three years. While it is recognized that blood cultures
have a low sensitivity for detection of fungemia, in studies using
rRNA PCR and sequencing methodology showed no evidence
of fungemia (16).

Over the last decades there has been a shift from gram negative
causative agents to gram positive pathogens especially coagu-

Figure 1. The percentage of microorganisms causing bloodstream infection according to
years.
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Table 3. Source of blood stream infections (BSI) in haematology-oncology units in 2006 and
2007.

Unit Primer BSI* Catheter Urinary tract Respiratory tract ~ Soft tissue
related BSI related BSI related BSI related BSI
2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
Haematology1 30 46 0 2 0 5 4 3 2 1
Oncology2 22 14 6 3 4 4 2 0 1 0
Total 52 60 6 5 4 9 6 3 3 1

*BSI unknown source

1In 2006 493 patients, in 2007 435 patients were hospitalized in the haematology
inpatient clinic.

2In 2006 593 patients, in 2007 554 patients were hospitalized in the oncology
inpatient clinic.

Table 4. Rates of antibiotic resistance among Enterobactericaea in years 2005, 2006 and
2007.

ARCHIVES OF CLINICAL MICROBIOLOGY

2005 2006 2007

Frequency Percent | Frequency Percent | Frequency Percent
Amikacin 1/19 53 5/30 16,7 6/48 12,5
Cefepime 9/23 391 16/30 533 24/50 48,0
Ceftazidime | 9/23 391 21/30 70,0 25/50 50,0
Ciprofloxa- | 9/23 39,1 12/30 40,0 15/46 326
cin
Gentamicin | 7/23 304 16/30 533 13/49 26,5
Imipenem 2/23 87 12/30 40,0 5/50 10,0
Merope- 2/23 8,7 7/30 233 6/50 12,0
nem
Piperacillin- | 6/23 26,1 16/30 533 16/49 32,7
tazobactam
Ticarcillin- 4/7 57,1 20/30 66,7 25/44 56,8
clavulanate
Trimeto- 11/23 47,8 13/30 43,3 27/50 54,0
prim-sulfa-
methoxa-
zole
Tobramy- 9/23 391 16/30 533 21/50 42,0
cine

lase negative staphylococci (CoNS), S. aureus and viridans strepto-
cocci. Therefore, in some European countries gram negative bacilli
reemerged as etiological agents in cancer patients where as gram
positive predominance continued in USA. These data, including
changing epidemiology and resistance patterns of microorga-
nisms, presents the necessity of continuous surveillance of blood
stream infections in haematology-oncology units (17-19).

The occurrence of methicillin-resistant S. aureus (MRSA) was
high (5/13) in our study. Because of high rates of methicillin-
resistance, utilization of empirical vancomycin at our institute
must be throughly scrutinized. The indiscriminate use of van-
comycin has promoted resistance and this is evident by the
high occurrence of vancomycin-resistant Enterococcus isolates
(15/20 of isolates).

The high occurrence of non-lactose fermenters (10-15%) espe-
cially Pseudomonas aeruginosa and Acinetobacter baumannii
was of concern. Both of these bacteria are associated with a
high degree of resistance to antibiotics. Blood stream infections
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with P. aeruginosa have been associated with increased morta-
lity in some studies. Acinetobacter spp. have emerged as promi-
nent multidrug-resistant bacteria in several intensive care units
all over the world, and their occurrence in the setting of malig-
nancy could be disastrous (20-21).

Intravascular devices are considered the main sources of primary
BSI (22). Our data showed that only 10.1% of BSI's were conside-
red CVC-related. CVC-related infection is one of the major com-
plications in haematology and oncology patients, and usually
requires removal of the infected CVC to cure the infection (23).
Intravascular catheters are often used for chemotherapy and
fluid replacement, which frequently result in catheter-induced
infections. A determination of the disinfection method to be
employed is often possible when the potential risks of infection
associated with the use of certain patient care materials in the
hospital environment are considered (24).

During the last two decades, the incidence of CVC-related Gram-
negative bacteremia and septicemia caused by Stenotrophomo-
nas maltophilia have increased (25-26). S. maltophilia, as well as
other non-fermentative Gram-negative bacilli, may contaminate
the infusate and enter the catheter. In our patient population in
2007 S. maltophilia was the fifth most prevalent Gram-negative
pathogen responsible from bloodstream infection.
Considerably higher rates of resistance in both gram negative
and positive pathogens were striking in our study. This may be
because of the antibiotic policies, severe underlying diseases,
chemotherapeutics used, prolonged hospital stay and ineffec-
tive infection control measures. Strict infection control policies
for this very susceptible patient group seem to be essential as
with the other parts of the hospital.

Conclusion

As a conclusion, gram negative bacteria especially the Entero-
bacteriaecea are the major cause of bacteremia in the haemato-
logy and oncology patients in our institute. Regarding the high
rates of resistance among gram negative and positive microor-
ganisms, combination therapy of aminoglycosides with cepha-
losporins and piperacillin-tazobactam, and monotherapy with
carbapenems seems to be appropriate as recommended by
IDSA febrile neutropenia guidelines. Linezolid therapy should
also be kept in mind for resistant gram positive infections. This
study also demonstrates the importance of surveillance of in-
fection in haematology and oncology patients to detect trends
in infection and the emergence of multi-resistant organisms,
e.g. vancomycin resistant enterococci (VRE).

In addition, the present study describes the predominance of
primary BSI, most of them from unknown sources; the impor-
tance of the urinary and respiratory tract as the main source for
secondary BSI. The emerging trends in antibiotic resistance and
their implications for empirical therapy indicate that institutions
caring for cancer patients should have active ongoing micro-
biological surveillance studies with the objective of monitoring
infections due to antibiotic-resistant pathogens, in order to im-
prove their current antimicrobial regimens.
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