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Abstract—Granulocytopenic patients are at high risk for infections caused by gram-negative
bacteria mostly originating from the gastro-intestinal tract. Several antimicrobial prophylactic
regimens are used for prevention of bacterial infections. Prophylaxis with absorbable antimicrobial
agents suck as trimethoprim—sulfamethoxazole or new fluorinated quinolones seems to be superior
to non-absorbable drugs such as polymyxin, vancomycin and gentamicin. The most promising
results are obtained with new quinolones. Use of prophylaxis in neutropenic patients leads to changes

in the spectrum of infections from gram-negative towards gram-positive.

INTRODUCTION

INFECTIONS are a frequent consequence of severe
granulocytopenia in patients with acute leukemia
[1]. During remission induction treatment these
patients are especially susceptible to bacterial infec-
tions developed from either endogenous (belonging
to the patients’ own flora) or hospital-acquired
organisms that colonize the alimentary tract, upper
airway, urinary tract and/or skin {2, 3].

The most common organisms which cause infec-
tion in granulocytopenic patients are aerobic gram-
negative bacilli such as Escherichia coli, Pseudomonas
aeruginosa, Klebsiella/ Enterobacter spp. and gram-posi-
tive bacteria especially Staphylococcus aureus and
Staphylococcus epidermidis. Infections caused by anaer-
obic bacteria are relatively rare in neutropenic
patients. The commonest infections in granulocy-
topenic patients are pneumonias, oropharyngeal
infections, esophagitis, perianal and perirectal
lesions, skin and soft tissue infections and septicemi-
as.

Several factors predispose patients with acute
leukemia to infection. The most important factor
s the profound and prolonged granulocytopenia
either due to the disease or to its treatment. Besides
the myelosuppressive and mucosal effect on skin
and mucous membranes of cytotoxic drugs, immu-
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nosuppression as a consequence of corticosteroids
is also a factor that predisposes to infection. Medical
procedures such as intravenous infusions, indwell-
ing urinary and central venous catheters, which
interrupt the skin and/or mucosal barrier, also con-
tribute to the susceptibility of the patient to infec-
tions. Most of the infections occur during the period
when the granulocyte counts are below 500/ul; the
majority of severe and sometimes lethal infections
are observed when granulocyte counts are below
100/ul [1, 3, 4].

Although there has been a dramatic decline in
death rate associated with infections due to
advances in antimicrobial therapy, extensive diag-
nostic procedures and a better supportive care,
morbidity from infectious disease in granulocytop-
enic patients still remains a problem. Various
methods to prevent infection in these patients have
been studied. A rational approach for infection
prevention in granulocytopenic patients is to sup-
press the potential pathogens already colonizing
the patients and to reduce the acquisition of new
microorganisms from the environment [5, 6].

The aim of this overview article is to compare the
results obtained by different investigators using
various antibiotics or combination of antibiotics in
neutropenic patients nursed either under isolation
or in open wards.

RESULTS AND DISCUSSION

1. Reverse single room or laminar airflow room isolation
The effectiveness of simple protective isolation
(single room treatment) or complete reverse iso-
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lation with laminar air-flow alone is not convincing
[7,8]. Use of laminar air-flow rooms not only
requires expensive equipment, but also a sterile
supply of food, skilled nursing staff and other ser-
vices. Besides, strict isolation procedures are a
psychological burden to the patient.

2. Total decontamination of the alimentary tract

Since the alimentary tract has been recognized
as an important reservoir of potential pathogens,
total decontamination of the alimentary tract has
been tried to prevent infections. The basic method of
microbial suppression is the use of non-absorbable
antibiotics such as gentamicin, vancomycin and
nystatin, often in conjunction with topical antisep-
tics applied to the skin and orificia [5]. The results
ofthe use of total decontamination of the gastrointes-
tinal tract alone are controversial [5, 7, 9].

This procedure was only significantly effective
in preventing infections in one study [10]. Poor
compliance, usually due to the unpleasant taste of
the oral nonabsorbable antibiotic regimens, can
be a cause of significant rebound overgrowth of
potential pathogens and acquisition of resistant
strains from the hospital environment [5, 6].

The combination of oral non-absorbable anti-
biotics with nursing under strict isolation conditions
has improved these results. A substantial reduction
(about 50%) in the incidence of infections with this
combined approach was obtained in a number of
studies [7, 9-13]. However, in other studies results
were less convincing [8, 14].

3. Selective decontamination of the alimentary tract

In the light of these problems another approach
was developed by van der Waaij and co-workers
[15-18]: the selective decontamination of the ali-
mentary tract. This procedure aims to eliminate
potentially pathogenic aerobic gram-negative rods
from the alimentary tract, without affecting the
anaerobic flora, and is based on the cbservation
that most infections seen in neutropenic patients
are caused by these potentially pathogenic, aerobic
gram-negative rods and on the observation in mice
that the anaerobic flora prevent the host from
becoming colonized with bacteria from the environ-
ment (colonization resistance). With the anaerobic
flora left intact, the resistance to colonization by
aerobic gram-negative bacilli is. considered to be
maintained and subsequent infection prevented.

Antimicrobial agents such as nalidixic acid, colis-
tin (polymyxin B) and trimethoprim—sulfa-
methoxazole selectively suppress aerobic flora and
do not change the anaerobic flora [19]. Therefore
these agents can be used for selective decontami-
nation of the alimentary tract. These drugs are more
palatable, leading to better compliance and are
cheaper than gentamicin and vancomycin. Another

advantage of this approach could be that there is
no need for nursing the patient in a laminar airflow
room. The results of infection prevention based on
selective decontamination that have been evaluated
are encouraging [20-23].

A. Prophylactic use of trimethoprim-sulfamethoxazole
Hughes et al. [24] were the first to report that
children with leukemia and solid tumors had fewer
episodes of bacterial sepsis when given tri-
methoprim-sulfamethoxazole as prophylaxis against
Preumocystis carinii infection than when given
placebo. Enno et al. [25] extended these findings.
An additional benefit of using trimethoprim-
sulfamethoxazole was reported by these authors
on patients already receiving the combination of
framycetin, colistin and nystatin.
Trimethoprim—sulfamethoxazole offers several
potential advantages as a single oral prophylactic
antimicrobial agent [21, 24-32]. This drug combi-
nation is not only effective in the elimination of
gram-negative bacilli from the gut but in addition
it is well absorbed and gives therapeutic levels in
the blood and tissues. Wade et al. [26] showed that
the effect of the combination of trimethoprim—
sulfamethoxazole and nystatin was comparable to
that of the combination of gentamicin and nystatin,
but the first combination resulted in the appearance
of fewer resistant organisms and was better toler-
ated. Subsequent studies by Watson et al. [27] and
Starke et al. [28] demonstrated also the equivalency
or superiority of trimethoprim—sulfamethoxazole to
non-absorbable antibiotics as prophylaxis. Results
of the randomized study from the EORTC Gnotobi-
otic Project Group [29] showed superiority of
trimethroprim—sulfamethoxazole + colistin when
compared to only non-absorbable drugs colistin
+ neomycin. In the group of patients receiving
trimethoprim—sulfamethoxazole + colistin the inci-
dence of febrile days as well as the incidence of
acquired infections was lower than in the group of
patients receiving neomycin and colistin. The most
striking differences were found in the occurrence
of septicemias without localized infections. These
studies indicate that absorbable drugs are better
able to prevent infections than oral non-absorbable
drugs, although both regimens are able to selectively
decontaminate the gastro-intestinal tract. It raises
the question whether not only selective decontami-
nation but also tissue levels of the antibiotic are
important for prevention of infection. This would
be in line with findings published by Wells et al.
[30, 31]. This group showed that bacteria may
translocate from the gastro-intestinal tract to the
mesenteric lymph nodes, where they can survive.
These bacteria could then be an initial site of
invasion into other tissues. Thus, elimination of the
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flora from the gastro-intestinal tract by oral non-
absorbable drugs does not eliminate bacteria from
the lymph nodes, and foci of infection remain in
existence.

One of the potential problems of using
trimethoprim—sulfamethoxazole alone as a prophy-
lactic agent is the emergence of resistant gram-
negative bacilli which can colonize patients and can
cause infections.

That means, that although trimethoprim-
sulfamethoxazole does not affect the anaerobic flora
it does affect the colonization resistance.

Dekker ef al. [32] showed a decrease in the total
number of acquired infections and fever in a group
of patients with acute leukemia receiving
trimethoprim-sulfamethoxazole. However, most of
the infections caused by gram-negative bacilli in
those patients were caused by bacteria resistant to
this drug. Colonization of the alimentary tract with
subsequent infections by resistant Enterobacteria-
ceae during treatment with trimethoprim-sulfa-
methoxazole has also been found in several other
recent studies [26, 33-37]. Addition of colistin to
trimethoprim—sulfamethoxazole significantly
reduced the acquisition of resistant gram-negative
bacilli and subsequent colonization of the lower
alimentary tract with these bacteria leading to
reduction of infections [38].

Another potential disadvantage of the prophylac-
tic use of trimethoprim—sulfamethoxazole could be
an increased duration of the granulocytopenic per-
jod which was shown in some studies [32, 37, 39,
40]. However, in other studies no prolongation of
granulocytopenia was observed [29, 41]. It is poss-
ible that the effect of trimethoprim-sulfamethoxazole
on the bone marrow is dependent on the intensity
of the myelosuppressive therapy used. A serious
probiem observed in some patients receiving
trimethorprim-sulfamethoxazole prophylactically is
the development of hypersensitivity reactions,
especially due to the sulfa component [29, 38, 42].
These adverse reactions to trimethoprim-sulfa-
methoxazole are not dose-dependent.

B. Prophylactic use of new fluorinated quinolones

The drawbacks associated with the use of
trimethoprim—sulfamethoxazole encourage the
search for more efficacious and safer antimicrobial
prophylaxis in patients with prolonged and pro-
found granulocytopenia. The development of the
new quinolone derivatives holds some attractive
promises. The orally well absorbed quinolones,
norfloxacin and ciprofloxacin, exhibit broad activity
against aerobic gram-positive and gram-negative
bacteria, especially against Enterobacteriaceae and
Pseudomonas  aeruginosa  [43, 44]. These anti-
microbial agents show limited activity against
anaerobic bacteria. Both drugs are well absorbed,

and for most pathogens the plasma concentrations
are above the inhibitory value [45, 46].

The effect of ciprofloxacin, given 500 mg twice
daily to 15 patients, on the flora of the alimentary
tract was investigated [47]. A rapid reduction in the
number of Enterobacteriaceae in feces was observed
within 3-5 days and thereafter cultures remained
negative for Enterobacteriaceae. In contrast to rapid
elimination of Enterobacteriaceae, no significant
reduction in the number of anaerobic gram-negative
bacilli and clostridium occurred although some
effect was seen on anaerobic non-sporeforming
gram-positive bacilli and anaerobic cocci. During
this study period (mean duration of study 46 days)
six resistant strains of Pseudomonas species were
isolated from 186 fecal cultures, one resistant Pseudo-
monas species and two Acinetobacter species were
isolated from oropharyngeal samples, but none of
these bacteria colonized patients or caused infec-
tions. Most of the patients became colonized with
Staphylococcus epidermidis. The mean peak concen-
tration of ciprofloxacin in serum 2 h after adminis-
tration of the drug was 1.6 mg/1 with a range from
0.8 to 2.3 mg/l1. All but one of the bacteriologically
documented infections were caused by gram-posi-
tive cocci; no infections caused by gram-negative
bacilli were observed. Ciprofloxacin was very well
tolerated, compliance was excellent and no adverse
reactions were seen. This study showed that cipro-
floxacin was effective for selective decontamination
of the alimentary tract and prevented infections
caused by gram-negative bacilli.

The results of a randomized study by Dekker et
al. [48] showed the superiority of ciprofloxacin,
especially for prevention of infection caused by
gram-negative bacilli in adult patients treated for
acute leukemia over the combination of
trimethoprim—sulfamethoxazole and colistin. In the
group of patients receiving ciprofloxacin no infec-
tions caused by gram-negative bacilli occurred.
Most of the acquired infections were caused by
gram-positive bacteria. Ciprofloxacin also pre-
vented colonization of the alimentary tract with
resistant gram-negative bacilli. Ciprofloxacin was
better tolerated leading to excellent compliance and
showed less skin reactions when compared to the
combination of trimethoprim—sulfamethoxazole +
colistin. Other investigators [49-51] showed the
benefit of prophylactic use of norfloxacin in patients
with acute leukemia. Oral prophylaxis with nor-
floxacin suppressed infection caused by aerobic
gram-negative bacilli during anti-leukemic therapy
without significant effect on the incidence of infec-
tions caused by gram-positive bacteria.

CONCLUSION
It is possible that the use of trimethoprim-
sulfamethoxazole and especially the effective new
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quinolone derivatives for selective decontamination
of the alimentary tract may lead to a change in the
spectrum of infections seen in patients undergoing
myelosuppressive therapy, from infections caused
by organisms such as Enterobacteriaceae or Pseudo-
monas aeruginosa to Staphylococcus epidermidis, o-hem-
olytic streptococci and other gram-positive bacteria.
S. epidermidis infections are often associated with the
presence of long-term indwelling central venous
catheters [52, 53]. Infections caused by a-hemolytic
streptococci in patients from our center are fre-

J. Verhoef, M. Rozenberg-Arska and A.W. Dekker

quently related to intensive cytotoxic treatment (e.g.
amsacrine, high doses of cytarabine) which not only
lead to profound and prolonged granulocytopenia
but often also to ulcerations of the oropharynx and
alimentary tract.

More studies are needed to ascertain the true
efficacy of quinolone derivatives for infection pre-
vention. It remains to be determined whether they
should be used alone, or used in combination with
additional agents active against gram-positive bac-
teria.
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