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The epidemiology of bacteremia developing during neutropenia has changed in the past decade, with the re-emergence of Gram-
negative (GN) bacteria and the development of multidrug resistance (MDR) among GN bacteria. We conducted a case-control study
in order to identify factors associated with bacteremia due to multidrug-resistant Gram-negative (MDRGN) isolates in hematopoietic
stem cell transplant recipients. Ten patients with MDRGN bacteremia were compared with 44 patients with GN bacteremia without
MDR. Bacteremia due to Burkholderia or Stenotrophomonas sp was excluded from analysis (3 cases), because the possibility of
intrinsical resistance. Infection due to MDRGN bacteria occurred in 2.9% of 342 hematopoietic stem cell transplant recipients.
Klebsiella pneumoniae was the most frequent MDRGN (4 isolates), followed by Pseudomonas aeruginosa (3 isolates). Among non-
MDRGN, P. aeruginosa was the most frequent agent (34%), followed by Escherichia coli (30%). The development of GN bacteremia
during the empirical treatment of febrile neutropenia (breakthrough bacteremia) was associated with MDR (P < 0.001, odds ratio =
32, 95% confidence interval = 5–190) by multivariate analysis. Bacteremia due to MDRGN bacteria was associated with a higher
death rate by univariate analysis (40 vs 9%; P = 0.03). We were unable to identify risk factors on admission or at the time of the first
fever, but the occurrence of breakthrough bacteremia was strongly associated with MDRGN bacteria. An immediate change in the
antibiotic regimen in such circumstances may improve the prognosis of these patients.
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Introduction

The development of antimicrobial resistance by Gram-
negative bacilli is a worldwide phenomenon that has been
observed among immunocompetent and immunocompro-
mised hosts, including patients with hematologic malig-
nancies and hematopoietic stem cell transplantation
(HSCT) recipients (1). A relationship between resistance
and poor outcome has been documented in several set-
tings, and has been attributed mostly to the use of inappro-
priate antibiotic regimens, or to a delay in starting appropri-
ate treatment (2). This problem is of great concern among
HSCT recipients, especially during the early post-trans-

plant period, when the presence of severe neutropenia
and mucositis predisposes these patients to infection. In
this setting, a single-day delay in starting appropriate
antibiotics may be associated with high mortality rates
(3,4). The identification of risk factors associated with the
development of specific types of infection may be an
important step to predict infection and guide the implemen-
tation of strategies to decrease the incidence and the
negative impact of these infections (5). The objective of the
present study was to identify factors associated with bac-
teremia due to multidrug-resistant Gram-negative (MDRGN)
bacteria occurring in the early neutropenic post-transplant
period of HSCT.
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Patients and Methods

This was a retrospective study performed at Hospital
Universitário Clementino Fraga Filho between July 1994
and January 2005. We performed a case-control study in
which cases were those who had developed bacteremia due
to at least one MDRGN isolate (see definition below), occur-
ring during the neutropenic phase of HSCT, and controls
were those who developed bacteremia due to one or more
Gram-negative isolates that were not multidrug-resistant
(non-MDRGN), occurring during the same period post-HSCT.
All patients were hospitalized and were implanted with a
central venous catheter. Cases and controls were compared
regarding demographic characteristics (age, gender), un-
derlying disease and its status (active or in clinical remis-
sion), co-morbid conditions, type of HSCT (autologous, allo-
geneic), stem cell source (bone marrow or peripheral blood),
conditioning regimen (myeloablative or of reduced inten-
sity), number of admissions in the preceding year, previous
infection caused by MDRGN bacteria, transfer from another
institution, stay in the intensive care unit, type and duration of
central venous catheter, presence, severity and duration of
mucositis (World Health Organization criteria) (6), use of
parenteral nutrition, granulocyte colony-stimulating factor
(G-CSF) or corticosteroids, use of antibiotics in the hospital
in the preceding 14 days, and duration of neutropenia (<500
neutrophils/mm3). We also analyzed the following outcome
variables: clinical complications [shock (arterial hypotension
requiring vasoactive drugs), renal failure (requirement of
dialysis), respiratory failure (requirement of mechanical ven-
tilation), and sinusoidal obstructive syndrome (hepatomeg-
aly, jaundice and ascites or weigh gain)], duration of fever,
antibiotic therapy and hospitalization, and death until day 60
of HSCT. We defined an empirical antibiotic regimen as
inadequate if any pathogen isolated during the febrile epi-
sode was resistant to the antibiotics. The febrile episodes
were classified as fever of unknown origin, bacteremia,
microbiologically documented infections without bacteremia,
or clinically documented infections (7). Poly-microbial bacte-
remia was defined if more than one pathogen was isolated
from one or more blood cultures during the febrile episode.
Breakthrough bacteremia was defined as a bacteremia oc-
curring after at least 1 day of antibiotic therapy. An MDRGN
isolate was defined as an isolate that exhibited resistance to
at least 2 of the following antibiotics: ceftazidime, cefepime,
piperacillin-tazobactam, or a carbapenem (imipenem or
meropenem) (8). We chose these antibiotics because they
are frequently used in the empirical treatment of febrile
neutropenia. In the case of poly-microbial bacteremia caused
by an MDRGN and a non-MDRGN isolate, the episode was
defined as a case (isolation of MDRGN bacteria). We ex-

cluded from analysis episodes of infection caused by Gram-
negative bacilli that are possibly intrinsically resistant to
these classes of antibiotics (9).

Blood cultures were simultaneously collected by periph-
eral puncture and by the catheter, and processed with the
BacT/ALERT system (Organon Teknika, USA). Antimicro-
bial resistance was determined using the Vitek automated
system (Bio-Merieux, Inc., France) and confirmed by the
Kirby-Bauer disk-diffusion method (10). The E-test double
strip for extended-spectrum betalactamase (ESBL) has been
performed since 2002 for Enterobacteriaceae isolates.

All statistical analyses were performed using the SPSS
for Windows software (version 11.0.1, SPSS, Inc., USA).
Categorical variables were analyzed by the Fisher exact test
or the chi-square test as appropriate, and continuous vari-
ables were analyzed by the Mann-Whitney test. Variables
with P < 0.1 in univariate analysis were entered in a logistic
regression model for multivariate analysis using a forward
and backward process. All tests were 2-tailed, and a P value
of <0.05 was considered to be statistically significant.

Results

During the study period, a total of 342 HSCT were
performed, and in 335 (98%) the patients developed fever
during neutropenia. The classification of the febrile episodes
was as follows: fever of unknown origin in 147 episodes
(44%), clinically documented in 47 (14%), microbiologically
documented without bacteremia in 18 (5%), and bacteremia
in 123 (37%). Gram-negative bacteremia was diagnosed in
56 episodes (45% of bacteremias), 10 of which were caused
by MDRGN isolates (2.9% of all HSCT, 18% of episodes with
Gram-negative bacteremia). There were two bacteremias
due to Burkholderia cepacia and one episode due to
Stenotrophomas maltophilia. Those episodes were excluded
from our analysis as described above. The first MDRGN
bacteria was isolated in 1998. The distribution of cases
during the study period did not suggest the occurrence of
outbreaks. Six of the 10 cases occurred after 2002, and 4
cases were clustered in a one-year period (from June 2003
to June 2004), but were caused by different bacteria.

Eight of the 10 cases were caused by a single MDRGN
isolate, and in 2 cases two isolates were recovered, of a total
of 12 MDRGN isolates. Klebsiella pneumoniae was the most
frequent (4 isolates), followed by Pseudomonas aeruginosa
(3 isolates), Citrobacter freudii (2 isolates), and Acineto-
bacter spp, Enterobacter spp and Escherichia coli (1 isolate
each). All isolates were resistant to ceftazidime and cefepime.
Resistance to imipenem was observed in 3 isolates (25%).
Susceptibility to piperacillin-tazobactam was assessed in 8
isolates, and all were resistant. Tests to characterize the
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type of resistance, such as presence of AmpC or metallo-
beta-lactamase, were not performed in most isolates. The E-
test double strip for ESBL was performed in four of the eight
Enterobacteriaceae isolates, and was positive in three. The
other 4 isolates occurred before the implementation of the E-
test for ESBL. Resistance to ciprofloxacin and aminoglyco-
sides was observed in 58 and 50% of the isolates, respec-
tively.

The 10 cases with MDRGN isolates were compared
with 44 controls. A total of 44 Gram-negative bacterial
isolates were recovered from the 44 controls. P. aerugino-
sa was the most frequent agent (15 isolates, 34%), fol-
lowed by E. coli (13 isolates, 30%), K. pneumoniae (7
isolates, 16%), Enterobacter sp and Acinetobacter sp (4
each, 9%) and Morganella morganii (1 isolate, 2%). As
shown in Table 1, factors associated with bacteremia due

Table 1.Table 1.Table 1.Table 1.Table 1. Univariate analysis of factors associated with multidrug-resistant Gram-negative bacteremia in a case-control study.

Cases (N = 10) Controls (N = 44) Odds ratio (95%CI)

Age 52 (11-63) 43.5 (20-66) NA
Gender (male:female) 4:6 25:19 0.51 (0.12-2.05)
Underlying disease

Acute myeloid leukemia 1 (10%) 1 (2%) 4.78 (0.27-83.7)
Chronic myeloid leukemia 1 (10%) 5 (11%) 0.87 (0.08-8.36)
Multiple myeloma 5 (50%) 17 (39%) 1.59 (0.39-6.31)
Hodgkin’s disease 3 (30%) 10 (23%) 1.46 (0.32-6.70)
Non-Hodgkin’s lymphoma 0 11 (25%) NA

Type of HSCT
Autologous 9 (90%) 37 (84%) 1.78 (0.18-15.70)
Allogeneic, myeloablative 1 (10%) 6 (14%) 0.70 (0.07-6.60)
Allogeneic, reduced intensity 0 1 (2%) NA

Stem cell source
Bone marrow 1 (10%) 7 (16%) 0.59 (0.06-5.40)
Peripheral blood 9 (90%) 37 (84%) 1.78 (0.18-15.70)

Disease status
Active 5 (50%) 34 (77%) 0.29 (0.07-1.22)
In clinical remission 5 (50%) 10 (23%) 3.40 (0.82-14.20)

No. of CD34 (x 106/kg) cells infused 2.53 (1.13-15.21) 3.75 (1.06-11.16) NA
Co-morbidities

Diabetes mellitus 2 (20%) 1 (2%) 10.80 (0.87-133)
Chronic renal failure 0 2 (4%) NA
No co-morbidity 8 (80%) 41 (93%) 0.29 (0.03-2.04)

Previous colonization by MDR Gram-negative isolate 0 2 (4%) NA
Duration of G-CSF use (days) 7.5 (0-23) 9 (0-18) NA
Previous admission in the ICU 1 (10%) 0 NA
Karnofsky performance status 60 (30-70) 70 (10-100) NA
Use of corticosteroids 5 (50%) 13 (29%) 2.38 (0.59-9.66)
Use of total parenteral nutrition 3 (30%) 4 (9%) 4.29 (0.78-23.40)
Previous use of antibiotics 7 (70%)* 5 (11%) 18.20 (3.52-94.00)

Carbapenem 1 (10%) 0 NA
3rd-generation cephalosporin 3 (30%)* 0 NA
4th-generation cephalosporin 4 (40%)* 3 (7%) 9.11 (1.62-51.10)
Quinolone 2 (20%) 3 (7%) 3.42 (0.49-23.80)
Vancomycin 3 (30%) 4 (9.1%) 4.29 (0.78-23.40)
Metronidazole 3 (30%)* 1 (2.3%) 18.40 (1.67-203)
Aminoglycoside 2 (20%)* 0 NA

No. of antibiotics administered 2 (0-9)* 0 (0-3) NA
No. of days of antibiotics 7 (0-31)* 0 (0-18) NA
No. of days of mucositis 3 (0-16) 1 (0-13) NA
Tunneled central venous catheter 10 (100%) 35 (80%) 3.1 (0.3-70)
No. of days of central venous catheter 33.5 (12-97)* 11 (5-213) NA
No. of days of neutropenia 5 (0-23) 2 (0-13) NA
No. of days of hospitalization before bacteremia 21.5 (5-46)* 12 (4-26) NA

Data are reported as N (%) or median (range) as indicated. NA = not applicable; HSCT = hematopoietic stem cell transplant; MDR =
multidrug resistant; G-CSF = granulocyte colony-stimulating factor; ICU = intensive care unit. *P < 0.05 (Mann-Whitney U-test, chi-
square test or Fisher exact test).
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to MDRGN isolates by univariate analysis were: previous
use of any antibiotic in the past 14 days (P < 0.001),
previous use of a 3rd- or 4th-generation cephalosporin (P
= 0.005 and 0.02, respectively), metronidazole (P = 0.017)
or aminoglycosides (P = 0.03), number of antibiotics re-
ceived (P < 0.001), duration of antibiotic use (P < 0.001),
longer duration of indwelling venous catheter use (P =
0.001), longer duration of hospitalization (P = 0.02), and
breakthrough bacteremia (P < 0.001). Inadequate treat-
ment was observed in 9 cases, and the median time to
adequate therapy was 3.5 days. All controls received
adequate empirical treatment. Multivariate analysis re-
vealed breakthrough bacteremia as the only variable as-
sociated with MDRGN bacteremia (P < 0.001, OR = 31.9,
95%CI = 5.32–190). This analysis also included duration of
hospitalization, duration of central venous catheter, dura-
tion and number of antibiotics used, previous use of 3rd- or
4th-generation cephalosporin, metronidazole and amino-
glycosides.

Compared to patients with bacteremia due to non-
MDRGN isolates, patients with MDRGN bacteremia were
more likely to have a clinical complication (50 vs 14%, P =
0.02). In addition, the death rate of patients with MDRGN
bacteremia was higher (40 vs 9%, P = 0.03). However, a
multivariate analysis of risk factors for death (that included
gender, age, underlying disease and its status, Karnofsky
performance status, co-morbidities, duration of mucositis
and neutropenia, adequate empiric antibiotic regimen, in-
vasive fungal infection, and the presence of complications)
revealed that an invasive fungal infection (P = 0.04, OR =
24.90, 95%CI = 1.12–552) and shock (P = 0.02, OR =
10.60, 95%CI = 1.35–82.70) were associated with death,
whereas bacteremia due to MDRGN bacteria was margin-
ally significant (P = 0.06, OR = 6.70, 95%CI = 0.90–50.60).

Discussion

Our study failed to identify any particular risk factor for
MDRGN bacteria related to the type of transplant, underly-
ing disease, or a specific clinical manifestation of infection.
The only variable associated with MDRGN bacteremia
was breakthrough bacteremia, that is, the occurrence of
bacteremia after the start of empirical antibiotic therapy.
Patients with breakthrough bacteremia were >30 times
more likely to have infection due to an MDRGN isolate.

In another study performed to identify risk factors for P.

aeruginosa MDR in cancer patients, no risk factor was
identified when cases were matched with controls for
underling disease and date of admission. Since the au-
thors did not analyze the time of positive bacteremia,
breakthrough bacteremia was not assessed in their study
(11). In another study, Krcméry Jr. et al. (12) assessed risk
factors for MDR in neutropenic patients. They found a
relationship between previous use of antibiotics (espe-
cially imipenem) and infection due to MDRGN bacteria, but
the comparison was made with non-MDR infections, and
only univariate analysis was performed. Interestingly, they
observed more breakthrough bacteremias and inadequate
empirical antibiotic therapy among cases (both statistically
significant). Another study by the same investigators ana-
lyzed P. aeruginosa MDR in cancer patients and found
acute leukemia, prolonged neutropenia, previous expo-
sure to amikacin, 3rd-generation cephalosporins, imipenem
and quinolones as risk factors, but again only univariate
analysis was performed (13).

Our study was able to identify only a characteristic of
MDRGN infection rather than a specific risk factor. The
association between breakthrough bacteremia and MDRGN
bacteria may have occurred because the empirical antibi-
otic regimen was not appropriate to treat or to prevent an
infection due to a resistant organism, and not because this
antibiotic treatment induced the development of resis-
tance. The occurrence of bacteremia due to MDRGN bac-
teria would be a reflex of the epidemiological characteris-
tics of the hospital rather than being associated with a
specific characteristic of HSCT.

In the present study, MDRGN bacteria were associ-
ated with higher mortality by univariate analysis. We did
not perform multivariate analysis of risk factors for death
because of the small sample size. The most likely explana-
tion of an increased mortality in patients with infection due
to MDRGN isolates is that these patients receive inappro-
priate antibiotic coverage (14-17).

The main limitation of our study is the small sample
size. While we could not identify risk factors that could
guide in the selection of a different empirical antibiotic
regimen in the first fever, our data suggest that once a
patient develops a positive blood culture for a Gram-
negative isolate during antibiotic therapy, it is very likely
that the isolate is MDR. In this setting a change in the
regimen is recommended.
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