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Introduction

Patients receiving chemotherapy or stem cell transplan-
tation are at risk of developing severe infectious compli-
cations, and those infections remain a particular concern
due to Gram-negative bacteria. Following prolonged
exposure to ceftazidime, “SPICE” organisms (Serratia
spp, Pseudomonas aeruginosa, indole-positive Proteus,
Citrobacter spp, and Enterobacter spp) have demon-
strated an inducible beta-lactamase. One strategy to con-
trol such Gram-negative bacteria in an institutional set-
ting is the use of antimicrobial prophylaxis incorporating
fluoroquinolones. This strategy, however, may select for
resistant organisms.

Antibiotic resistance is increasingly a global concern.
Consequences include longer hospital stays and increased
morbidity, especially for those seriously ill or immune-
compromised. Mortality may double when resistant
microbes are involved. The Centers for Disease Control
and Prevention (CDC) has estimated the annual cost of
treating resistant infections at $14 billion.

This study is a retrospective survey of the SPICE bac-
teria isolates obtained from patients developing febrile
neutropenia in a blood and marrow transplant (BMT) inpa-
tient unit. Its objectives are first to compare the rates of
isolation of SPICE bacteria before and after addition of a
fluoroquinolone prophylaxis and second, to examine the

From the Division of Infectious Diseases, Department of Internal Med-
icine, College of Medicine, University of South Florida, (ALY, RP) and
the Blood and Marrow Transplant Program (TE JNG) and Pathology
Service (RLS) at the H. Lee Moffitt Cancer Center & Research Institute,
Tampa, Florida.

Submitted August 18, 2003; revised October 14, 2004; accepted June 3,
2005.

Address correspondence to Jobn N. Greene, MD, Blood and Marrow
Transplant Program, H. Lee Molffitt Cancer Center & Research Institute,
MCC-BMPROG, 12902 Magnolia Drive, Tampa, FL 33612. E-mail:
greenejn@moffitt.usfedu

No significant relationship exists between the authors and the compa-
nies/organizations whose products or services may be referenced in
this article.

Abbreviations used in this paper: BMT = blood and marrow transplant,
SPICE = Serratia, Pseudomonas, Citrobacter, and Enterobacter, MIC =
mean inhibitory concentration.

July 2005, Vol. 12, No. 3

effect of fluoroquinone prophylaxis on the proportion-
resistant isolates. Proteus isolates were relatively few and
were omitted from consideration.

This study is based on a review of all organisms iso-
lated from sterile body sites of patients receiving
chemotherapy between 1990 and 2000 in the BMT unit at
our institute. The BMT unit serves patients undergoing
autologous or allogeneic stem cell transplantation, those
receiving chemotherapy prior to collection of peripheral
blood stem cells, and patients requiring readmission
subsequent to these treatments. Records that did not
include the mean inhibitory concentration (MIC) values
were excluded.

Methods and Definitions

Between January 1990 and March 1996, the empiric treat-
ment of febrile neutropenia consisted of ceftazidime and
vancomycin, initiated at the onset of an elevated tempera-
ture. Patients who were allergic to either of these medica-
tions were empirically given an equivalent antimicrobial
agent. InAugust 1998, cefepime replaced ceftazidime. Start-
ing in April 1996, a fluoroquinolone, levofloxacin, was used
as antimicrobial prophylaxis accompanying the administra-
tion of chemotherapy. Trovafloxacin replaced levofloxacin
in 1998 for several months before returning to the use of
levofloxacin. Additional antimicrobial agents were adminis-
tered on a case-by-case basis as clinically indicated.

Definitions for antimicrobial resistance followed the
current National Committee for Clinical Laboratory Stan-
dards guidelines. Resistance to ceftazidime for P aerugi-
nosa is defined as an MIC 232 ug/mL. Intermediate resis-
tance to ceftazidime in the Enterobacteriaceae is defined
as an MIC value of 16 pug/mL, and full resistance is defined
as 232 ug/mL. Accordingly, two additional Pseudomonas
isolates were scored as resistant. One Enterobacter and a
single Serratia isolate were resistant to ceftazidime on a
Kirby-Bauer test but MIC values were not reported. Both
were scored as resistant.

As applied to blood isolates, the words “before” and
“after” refer to the point at which routine use of fluoro-
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Comparison of SPICE Organism Isolation Rates and Proportions Resistant Before and After
Addition of a Quinolone to a Cephalosporin Regimen in a Blood and Marrow Transplant Unit

Organism Resistant + Sensitive = Total Percent Resistant Rate per 10,000 Patient Days Comparison®
Before Atter Before After Before? After® z\Value PValue

Enterobacter 25 +22 =47 2+6=8 53.2% 25.0% 17.7 44 3.92 .000

Pseudomonas aeruginosa 3+30=33 0+9=9 9.1% 0% 12.4 5.0 2.52 .012

Citrobacter 7+3=10 1+4=5 70.0% 20.0% 3.8 2.8 Insufficient data

Serratia 1+4=5 0+0=0 20.0% 0% 1.9 0.0 Insufficient data

All SPICE organisms 36 +59 =95 3+19=22 37.9% 13.6% 35.7 12.2 4.78 .000

226,624 patient days at risk before quinolone prophylaxis.

18,110 patient days after quinolone prophylaxis.

° Comparison of incidence of isolates per 10,000 patient days at risk. Proportions resistant appear in the Figure.

quinolone prophylaxis began (April 1996). Only the first
culture was counted as an isolate if the same patient yield-
ed a subsequent isolate within 30 days of the initial cul-
ture. Rates of isolation before and after the addition of flu-
oroquinolone prophylaxis were compared using patient
hours at risk as denominators (Table). The effect of the
addition of a quinolone was also examined by a Fisher’s
Exact Test using crude counts of the number of isolates
resistant and susceptible (Figure).

Results

SPICE organisms were found among 116 total isolates that
were cultured from 112 patients. Seventy-one organisms

were isolated from blood, 26 from urine, 17 from respira-
tory specimens, and 2 from catheter tips. These isolates
included 55 Enterobacter,42 P aeruginosa, 15 Citrobacter,
and 5 Serratia. Of the Enterobacter isolates, 45 were E
cloacae, 7 were E aerogenes, and 1 each were E amni-
genus, E gergoviae, and E agglomerans (now Pantoea
agglomerans). Among the Citrobacter isolates, 13 were C
Sfreundii, 1 was C braakii,and 1 was C koseri. All 4 Serra-
tia isolates were S marcescens.

Isolation rates and percents of isolates resistant are
presented in the Table, and the proportions of all isolates
resistant appear in the Figure. The incidence of Enter-
obacter, the most common isolate (n = 47) before the addi-
tion of fluoroquinolone prophylaxis, fell from 17.7 per

80% 7

1990

Regimen 1 Regimen 2
(without quinolone) (with quinolone prophylaxis)
60% -
Regimen 1 Regimen 2
Resistant 36 3
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% Resistant 37.9% 13.6%
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- I I
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Percent of SPICE organisms resistant to ceftazidime in a bone and marrow transplant population.
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10,000 patient days at risk to 4.4 after the addition. The
proportion of Enterobacter isolates resistant to cef-
tazidime also fell from 53.2% to 25%, and the incidence of
P Aeruginosa decreased significantly. Isolates of Citrobac-
ter and Serratia were too few to be meaningfully evaluat-
ed independently and were tallied into the category of “All
SPICE Organisms.” For that group as a whole, the incidence
rate of all species isolates declined by nearly two thirds fol-
lowing the use of fluoroquinolone prophylaxis, from 35.7
to 12.2 per 10,000 patient days. The overall decline in the
proportion of isolates resistance, from 37.9% (36/95) to
13.6% (3/22), was also statistically significant (Fisher’s
Exact statistic = 4.82, P=.043).

Among the isolates with resistance to ceftazidime,
94.7% (36/38) were also resistant to ticarcillin/clavu-
lanate, and 86.8% (33/38) were also resistant to
piperacillin. The incidence of Escherichia coli was high
during the 1993-1995 period (3.8 cases per 100 patients)
but later dropped to 0.51 cases per 100 patients between
1996 and 2003.

Discussion

Indiscriminate use of broad-spectrum antibiotics, inappro-
priate dosages, and substandard nosocomial infection con-
trol procedures have all contributed to the global rise of
antibiotic resistance. Notably, the prolonged use of van-
comycin beyond its period of efficacy has led to the rise
of vancomycin-resistant Enterococcus (VRE) in some
intensive care units.!

Although nosocomial Gram-positive infections have
increasingly occurred among patients with cancer, Gram-
negative infections also remain a threat and are a cause of
high morbidity among immune-compromised patients.>>
Cancer patients, with their prolonged hospital stays,
numerous invasive procedures, intravascular catheters,
and exposure to broad-spectrum antibiotics not only are at
increased risk for complicated infections but also create
an ideal setting for resistant nosocomial organisms.®>” Of
the more than 2 million nosocomial infections each year
in the United States, an estimated 50% to 60% are resistant
to some type of antimicrobial.® Fluoroquinolones have
been proven to be safe and effective in reducing the num-
ber of Gram-negative infections in neutropenic patients,
but they have not been shown to increase survival.® Flu-
oroquinolones act on DNA gyrase to prevent replication of
bacterial DNA. Resistance has developed through muta-
tions in this enzyme, resulting in a decreased affinity for
the flouroquinolones.!® Resistance among community-
acquired isolates remains minimal but is rising among
nosocomial pathogens.!!

A number of studies have compared cefepime to cef-
tazidime in the treatment of febrile neutropenia. Respons-
es and cure rates have been compared both head-to-head
or as components of combination therapy. The consensus
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is that cefepime is at least as effective as ceftazidime in
treating neutropenic patients.*1214

P Aeruginosa is an organism that poses a particular
threat to the cancer patient. Infection rates have risen in
those with acute leukemias.">'” Coverage for P aerugi-
nosa should be included in both antimicrobial prophylax-
is regimens and in the empiric treatment of suspected
infection in immune-compromised patients. The 1997-
1999 SENTRY Antimicrobial Surveillance Program classi-
fied multidrug-resistant strains of P aeruginosa that
lack susceptibility to piperacillin, ceftazidime, imipenem,
and gentamicin.'® One of the challenges in managing
P aeruginosa infections is an inherent resistance mecha-
nism, one preexisting in the genome and not induced by
external stimuli. Its multiplicity of resistance mechanisms
may render this microbe less amenable to control by antibi-
otic cycling.”® Among the quinolones, ciprofloxacin is still
the most active against P aeruginosa. Nevertheless, a Euro-
pean study conducted in 1995-1996 reported that 22% of
respiratory isolates were resistant to this antibiotic."”

Enterobacter species, especially E cloacae, have also
emerged as a significant cause of nosocomial infections
and can express an extended spectrum beta-lactamase.
Resistance to ceftazidime, first identified in 1982,%° has
since been strongly linked with previous ceftazidime
exposure.’ As with P aeruginosa, plasmid-mediated resis-
tance has also been attributed in part to clonal spread in
Enterobacter species.”” In a pediatric hospital in the
Netherlands,'® two major clones of Enterobacter were
responsible for 36% of all colonization. Another 35% of
isolates consisted of unique strains. Furthermore, most of
the major clones were isolated within surgical and neona-
tal intensive care units. Thus, hospital infection control
procedures appear to be as important as is the selective
use of broad-spectrum antibiotics. As with P aeruginosa,
Enterobacter species are most sensitive to cefepime and
the carbepenems.!! Nevertheless, resistance to imipenem,
conferred by the NmcA gene, is beginning to emerge.
Classic beta-lactamase inhibitors such as clavulanic acid
and tazobactam can inhibit this enzyme. The IMP-1 gene,
however, expresses a gene product that confers resistance
to imipenem and is not sensitive to either clavulanic acid
or tazobactam.' Enterobacter species do not appear to
express the multiresistance mechanisms characteristic of
P aeruginosa.

Despite increasing antibiotic resistance nationally
and globally, the incidence of resistant SPICE bacteria
decreased significantly between 1990 and 2000 in the
BMT unit of our institute since incorporating fluoro-
quinolones as antimicrobial prophylaxis. Levaquin pro-
phylaxis has continued as of mid-2004 and has continued
to suppress the appearance of SPICE organisms. In con-
trast, some centers have reported the emergence of fluo-
roquinolone-resistant Gram-negative bacilli, especially P
aeruginosa, in patients given fluoroquinolone prophy-
laxis.?! Although the decline in incidence and rate of
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resistance organisms for Pseudomonas were less marked
than that for Enterobacter, our results are nevertheless

gratifying.
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