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Most drugs used for anti-neoplastic chemotherapy have a mar-
ginal therapeutic index: their ability to kill tumor cells does not 
skip normal cell populations, in particular those of the mucosal 
surfaces and bone marrow. Myelosuppression is the most seri-
ous consequence of anti-neoplastic chemotherapy, because the 
resulting neutropenia is associated with a high rate of infectious 
complications that are often severe and life-threatening. Fever 
is the most consistent manifestation of systemic infection in 
neutropenic patients. The chemotherapeutic regimens commonly 
associated with the development of febrile neutropenia are those 
producing myelosuppression lasting more than one week, such 
as the induction protocols for acute leukemias and the condi-
tioning regimens used in bone marrow transplantation. At least 
one-half of neutropenic patients who become febrile have an 
established or occult infection, and at least one-fifth of patients 
with neutrophil counts of < 100 cells/mm3 have bacteremia [1]. 
However, it has been well documented that negative cultures 
do not exclude infection [2]. The mortality from infection in the 
neutropenic cancer patient remains substantial (between 5% and 
10%) despite patient awareness and the empiric approach to 
antibiotic treatment [3]. Consequently, the appearance of fever 
in a neutropenic patient is considered a medical emergency and 
requires immediate attention. 

The organisms responsible for infections associated with 
neutropenia are most often the patient’s own bacteria. The 
primary source of pathogens is the alimentary tract, where 
cancer chemotherapy-induced mucosal damage allows invasion 
of opportunistic organisms. Similarly, skin damaged by invasive 
procedures, e.g., with vascular access devices, is another portal 
of entry for infectious organisms. As the duration of hospital 
stay extends, cross-infection with nosocomial pathogens becomes 
increasingly dominant. In the early years chemotherapy-induced 
febrile neutropenia was associated mostly with Gram-negative 
septicemia, which was often caused by Escherichia coli, Klebsiella 
spp, Enterobacter spp. and Pseudomonas aeruginosa. More recently, 
an increasing incidence of Gram-positive septicemia was noted 
in some centers due to widespread use of prophylactic anti-
biotics such as fluoroquinolones, the most common isolates 

being Staphylococcus aureus, coagulase-negative staphylococci, and 
streptococci.

Attempts to reduce the infectious complications of chemo-
therapy-induced neutropenia have included empiric antimicrobial 
therapy [4] and prophylactic antibiotics [5]. The concept of em-
piric therapy consists of prompt administration of broad-spectrum 
antibiotics as soon as fever develops in the neutropenic patient, 
before the results of cultures are available. The choice of the 
antibiotic regimen has to be guided therefore by indirect infor-
mation on the prevailing bacterial pathogens associated with 
neutropenic fever. These, as we have seen, have changed with 
time but can also vary in place. Most importantly, the local 
antimicrobial resistance pattern must also be considered. 

Until the 1980s, combination antibiotic therapy (consisting 
usually of a beta-lactam and an aminoglycoside) was the rule [6]. 
However, despite the proven efficacy of combination therapy, the 
potential of monotherapy for the empiric management of febrile 
neutropenic patients is attractive because of its lack of toxic-
ity, ease of administration and lower cost. Several studies have 
documented the efficacy of ceftazidime, cefepime, carbapenem 
or piperacillin/tazobactam monotherapy [7]. Despite the increase 
in Gram-positive bacteremia, several clinical trials have demon-
strated that including vancomycin in the initial management of 
febrile neutropenic patients did not provide a survival advantage 
[8]. Moreover, because of the emergence of vancomycin-resistant 
enterococci associated with an excessive use of vancomycin, this 
agent should be used very cautiously. 

In this issue of IMAJ, Paul et al. [9] report their findings on 
bloodstream isolates from neutropenic patients in a single medi-
cal center over more than a decade. The most common organ-
isms were E. coli (18.9% of isolates in adult patients), Pseudomonas 
aeruginosa (16.7%), and Klebsiella pneumoniae (11%). Gram-negative 
bacteria predominated throughout the study period and the 
ratio of Gram-negative to Gram-positive bacteremia increased 
from 1.7 to 2.3. Among children, on the other hand, the ratio 
of Gram-negative to Gram-positive bacteremia reversed from 1.2 
to 0.7, due to the increasing prevalence of coagulase-negative 
staphylococcal bacteremia. Another factor that had impact on 
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the prevalence of different pathogens was the length of hospital 
stay prior to bacteremia. The prevalence of E. coli decreased 
with time in hospital while the rates of Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Enterobacter spp., Acinetobacter spp., Enterococcus 
spp. and Candida spp. increased. Not surprisingly, the duration 
of hospitalization also had repercussions on the susceptibility 
of the isolates: resistance to the broad-spectrum antimicrobial 
agent used for empiric monotherapy in the authors’ center was 
observed in > 40% of Gram-negative bacteria when bacteremia 
was acquired after more than 14 days in hospital. Are these 
findings center-specific or in other words, can they be generalized 
for use in other institutions?

Greenberg and colleagues [10] investigated the microbiological 
spectrum and susceptibility patterns of pathogens causing bacte-
remia in pediatric febrile neutropenic patients. Their retrospective 
study was conducted at the Soroka Medical Center in Beer Sheva 
and covered the period 1998 to 2002. The most common organ-
isms were: Klebsiella spp. 15.2%, coagulase-negative staphylococci 
11.4%, Pseudomonas spp. 10.6%, Streptococcus spp. 9.8%, Enterobacter 
spp 9.1%, and E. coli 8.3%. A trend toward an increase over time 
in recovery rates of Gram-positive organisms was observed. In 
the study by Paul and team [9] the distribution of blood isolates 
in pediatric patients during the same period was different, with 
coagulase-negative staphylococci (26.6%) and viridans strepto-
cocci (12.9%) being the most prevalent, followed by E. coli and 
P. aeruginosa (9.7% each). More importantly, the resistance rates 
in the two centers differed noticeably. Whereas in Soroka the 
resistance to ceftazidime, pipracillin-tazobactam and ciprofloxacin 
was approximately 5–10%, in Schneider Children’s Hospital it 
was approximately 15% to ciprofloxacin and 30% to the other 
two agents. 

The geographic diversity in the prevalence of different patho-
gens and particularly in their susceptibility pattern is exemplified 
by the following reports. At a medical center in Taiwan [11] 
where routine antibacterial prophylaxis was not used, bacteremia 
in febrile neutropenic adult patients between 1999 and 2002 
was caused mostly by Gram-negative rods, accounting for 78.2% 
of isolates. E. coli was responsible for 27.5% of Gram-negative 
isolates; other isolates included K. pneumoniae (19.3%), P. aeruginosa 
(11%), and Enterobacter cloacae (10.1%). Staphylococci, mostly methi-
cillin-resistant Staph. aureus, were responsible for approximately 
70% of Gram-positive isolates. Quite surprisingly, P. aeruginosa 
isolates were the most sensitive Gram-negative organisms while 
E. cloacae were the most resistant. In a prospective multicenter 
study conducted in Norway over 2 years, bacteremia was docu-
mented in 34% of neutropenic fever episodes [12]. Overall, 40% 
of the episodes were caused by Gram-positive organisms, 41% 
by Gram-negative organisms and 19% were polymicrobial. The 
most frequently isolated bacteria were E. coli (25.6%), streptococci 
(15.6%), coagulase-negative staphylococci (12.4%) and Klebsiella 
spp. (7.4%). None of the Gram-negative isolates was resistant to 
gentamicin, meropenem, ceftazidime or ciprofloxacin. Only five 
coagulase-negative staphylococci isolates were resistant to both 
penicillin G and aminoglycoside.

Hence, to achieve best results empiric antimicrobial therapy 

should be tailored individually for each neutropenic patient, 
taking into account not only the local distribution of bacterial 
pathogens and their susceptibility pattern, but also the duration 
of the patient’s stay in hospital, the aggressiveness of the chemo-
therapeutic protocol used and the resultant depth and duration 
of neutropenia, the degree of skin damage, and whether antibiotic 
prophylaxis was used. Only a few surveys on the microbiology of 
neutropenic fever in Israel have been published. Yet, it is not 
known whether more information would have benefitted other 
facilities. Not only should each medical center treating febrile 
neutropenic patients gather and analyze its own data, but such 
surveys should be repeated periodically to detect any changes in 
the antimicrobial resistance. 

Initial attempts of antibiotic prophylaxis in neutropenic pa-
tients used non-absorbable antimicrobials (such as vancomycin, 
polymyxin, aminoglycosides) or cotrimoxazole. Although results 
were encouraging, the tolerability of these agents was low. The 
use of cotrimoxazole was also associated with a high incidence 
of allergic skin reactions and a mild myelosuppressive effect. 
More recently, several studies have demonstrated the efficacy 
of fluoroquinolones in preventing fever in neutropenic patients. 
More specifically, fluoroquinolones have reduced morbidity from 
Gram-negative bacteria but not from Gram-positive bacteria. 
Moreover, there was no impact on infection-related mortality. 
When compared to earlier regimens, ciprofloxacin was better 
only in preventing Gram-negative infections. The addition to 
the fluoroquinolone regimen of a second antibiotic with anti-
Gram-positive activity reduced the incidence of Gram-positive 
infections but likewise had no impact on the morbidity and 
mortality [3]. Prophylactic levofloxacin had no protective effect 
against the risk of severe infection or death. Although the use 
of levofloxacin prophylaxis led to a decrease in the overall rate 
of documented bacterial infection, there was also a substantial 
increase in the rate of documented infections with resistant or-
ganisms [13,14]. One can conclude that prophylactic antibiotics 
can reduce the occurrence of febrile episodes in neutropenic 
patients but they do not affect the disease outcome. Also, 
the emergence of resistance among Gram-negative organisms 
in association with the use of fluoroquinolones cannot be 
ignored. Because of the concern about the spread of resistance 
to antibiotics and the marginal clinical benefit, the routine use 
of antimicrobial prophylaxis is not recommended [1,15]. These 
experts advocate considering the administration of a quinolone 
plus penicillin or cotrimoxazole during critical periods only for 
patients with profound and prolonged neutropenia [1,15]. In 
their update published in this issue of IMAJ, Gafter-Gvili et 
al. [16] adopted a more liberal approach to antibiotic pro-
phylaxis. They recommended prophylaxis with ciprofloxacin or 
levofloxacin in patients treated for acute leukemia or high dose 
chemotherapy with stem cell transplantation. Based on the 
‘modest’ results of the study by Cullen et al. [14], Gafter-Gvili 
and team [16] also advise that prophylaxis be considered for 
the first cycle of treatment in patients with solid tumors or 
lymphoma. 

Antibiotic use comes at a price, including increased costs, side 
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effects, susceptibility to enteric infections, and emergence of re-
sistant endogenous organisms. Additional potential consequences 
of a broadly applied strategy of antimicrobial prophylaxis are 
difficult to predict. More research is needed to better characterize 
those patients at highest risk in order to optimize the balance of 
risks and benefits.

Finally, as Paul and collaborators [9] rightfully pointed out, 
adherence to infection control recommendations is of prime 
importance. Scrupulously maintained hand hygiene is the single 
most important technique for preventing the spread of hospital 
pathogens, the antimicrobial resistance of which is incessantly 
increasing. 
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The germinal matrix of premature infants is selectively 
vulnerable to hemorrhage within the first 48 hours of life. 
To assess the role of vascular immaturity in germinal matrix 
hemorrhage (GMH), Ballabh and co-workers evaluated ger-
minal matrix angiogenesis in human fetuses and premature 
infants, as well as in premature rabbit pups, and noted 
active vessel remodeling in all three. Vascular endothelial 
growth factor (VEGF), angiopoietin-2 and endothelial cell 
proliferation were present at consistently higher levels in 
the germinal matrix relative to the white matter anlagen 
and cortical mantle. On that basis, the researchers asked 
whether prenatal treatment with either of two angiogenic 

inhibitors – the COX-2 inhibitor celecoxib, or the VEGFR2 
inhibitor ZD6474 – could suppress the incidence of GMH 
in premature rabbit pups. Celecoxib treatment decreased 
angiopoietin-2 and VEGF levels as well as germinal matrix 
endothelial proliferation. Furthermore, treatment with ce-
lecoxib or ZD6474 substantially decreased the incidence of 
GMH. Thus, by suppressing germinal matrix angiogenesis, 
prenatal celecoxib or ZD6474 treatment may be able to 
reduce both the incidence and severity of GMH in susceptible 
premature infants.
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Capsu le

Angiogenic inhibition reduces germinal matrix hemorrhage

I fear nothing, I hope for nothing, I am free

Nilos Kazantzakis (1883-1957), Greek poet and novelist, best known for his book Zorba the Greek
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