
Impact of Multiresistance of Gram-negative
Bacteria in Bloodstream Infection

on Mortality Rates and Length of Stay
A.M. Sostarich, D. Zolldann, H. Haefner, R. Luetticken, R. Schulze-Roebecke, S.W. Lemmen

Abstract
Background: Bloodstream infections (BSI) with gram-
negative bacteria (GNB) are one of the most serious infec-
tions in the hospital setting, a situation compounded by the
increasing antibiotic resistance of gram-negative bacteria
causing BSI. The aim of the study was to assess the impact of
antibiotic multiresistance of GNB in BSI on mortality rates
and length of stay (LOS).
Materials and Methods: The setting was the University
Hospital Aachen, a 1,500-bed tertiary-care hospital with over
100 ICU beds providing maximal medical care in all disciplines.
We performed a 5-year hospital-wide matched cohort study
(January 1996 to February 2001) in which 71 cases and 99
controls were enrolled. Matching criteria were sex, age and
GNB isolated in blood cultures. Multiresistance was defined as
resistance against at least two different classes of antibiotics
such as penicillins (+ b-lactamase-inhibitor), third-generation
cephalosporins, fluoroquinolones or carbapenems.
Results: BSI were mainly nosocomially acquired, and cases of
BSI with multiresistant bacteria were associated with a higher
mortality (p = 0.0418) and a prolonged LOS in the intensive
care unit (ICU) (p = 0.0049). Risk factors for BSI with mul-
tiresistant GNB were antibiotic treatment (p = 0.0191) and
mechanical ventilation (p = 0.0283).
Conclusion: Multiresistance of GNB causing BSI was asso-
ciated with higher mortality rates and longer LOS in ICU. The
initial antibiotic therapy was significantly more often inad-
equate and might have had an impact on overall mortality.
Thus, an effective strategy to administer an appropriate
initial empirical antibiotic therapy, especially in patients
with risk factors, must be sought. Moreover, the overall usage
of antimicrobials must be limited and infection control
guidelines should be followed to reduce the emergence and
transmission of multiresistant GNB.
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Introduction
The increasing prevalence of antibiotic multiresistance in
bacteria is a major public health threat. This phenomenon

is particularly prevalent in nosocomial infection, for which
antibiotic-resistant bacteria have emerged worldwide. To
counteract this worrisome situation, the selection of the
initial empirical antibiotic therapy must therefore be
appropriate. Hence, correct antibiotic regimen prescrip-
tion has become a major challenge in the field of infec-
tious diseases [1–3]. Not surprizingly, there is now growing
evidence that severe infections like pneumonia or BSI
caused by antibiotic-resistant bacteria are associated with
higher mortality and morbidity rates as well as increased
hospital costs [4–6]. For example, methicillin-resistance in
Staphylococcus aureus pneumonia and bacteremia
resulted in a significant increase in mortality [7–12].
However, the impact of antibiotic-resistance in BSI with
gram-negative bacteria (GNB) still remains controversial.

Here, we evaluate the antibiotic resistance in BSI with
GNB on mortality rates, LOS and hospital costs and also
report risk factors involved in the acquisition of multire-
sistant gram-negative bacteria (MRGNB).

Methods
Study Design

The study was conducted from January 1996 to February 2001 at
the University Hospital Aachen, which is a tertiary care centre
with 1,500 beds. It has ten specialized intensive care units (ICUs)
with a total of 101 beds. The study was designed as a hospital-
wide matched cohort study including patients in the ICU and in
general wards. All patients with positive blood cultures for GNB
were identified by the Institute for Medical Microbiology’s

A.M. Sostarich, D. Zolldann, H. Haefner, S.W. Lemmen
Dept. of Infection Control, Aachen University Hospital, Aachen, Germany
R. Luetticken
Institute of Medical Microbiology, Aachen University Hospital, Aachen,
Germany
R. Schulze-Roebecke
Institute of Medical Microbiology and Infection Control, Duesseldorf
University Hospital, Duesseldorf, Germany
S.W. Lemmen (corresponding author)
Dept. of Infection Control and Infectious Diseases, University Hospital
Aachen, Pauwelsstr. 30, 52074 Aachen, Germany;
Phone: (+49/241) 808-8884, Fax: -2540, e-mail: slemmen@ukaachen.de

Received: November 7, 2006 Æ Revision accepted: August 15, 2007
Published online: January 29, 2008

Infection Clinical and Epidemiological Study

Infection 36 Æ 2008 Æ No. 1 � URBAN & VOGEL 31



microbiological database and were followed by chart review.
Every case was matched with two controls where possible but
with at least one.

Multiresistance was defined as resistance against at least two
different antibiotic classes like penicillins (amoxicillin/clavulanic
acid or piperacillin/tazobactam), third-generation cephalosporins
(cefotaxim, ceftazidime or ceftriaxon), fluoroquinolones (cipro-
floxacin or levofloxacin) or carbapenems (imipenem or me-
ropenem). When evaluating multiresistance, intrinsic resistance
patterns, e.g., for Pseudomonas aeruginosa, Stenotrophomonas
maltophilia or Acinetobacter spp. were taken into consideration.
Sensitive gram-negative bacteria (SGNB) were defined as being
susceptible to all antibiotics of these classes or as being resistant
to only a single class.

Cases were defined as patients with a positive blood culture
for MRGNB; controls had a SGNB in the blood culture. To rule
out contamination and to document true infection, cases and
controls were enrolled in the study only when bacteremia was
combined with at least two of the sepsis criteria as defined in
Bone et al. [13].

Cases and controls were matched for sex and age ± 10 years
and species of bacterial isolates. Patients with polymicrobial
blood culture results were excluded.

Empirical antibiotic therapy was considered appropriate
when the patient received at least one antimicrobial agent with
in vitro sensitivity against the isolate of the blood culture and
when the therapy was started within 24 h after the onset of
clinical signs of infection.

Data Collection
The following data were documented: age, sex, species of bacterial
isolates and susceptibility pattern, clinical signs of sepsis according
to the Bone criteria, diagnosis at admission, underlying diseases,
follow-up diagnosis during hospitalization, invasive procedures,
duration of ICU and hospital stay before and after the onset of BSI,
time of ventilation and antibiotic treatment. As severity of illness
at admission may differ from severity of illness before onset of BSI,
we calculated, whenever possible, an Apache II score on day 3
before the onset of BSI in cases and controls when not more than
two parameters were lacking [14].

Microbiological Methods
Isolation and identification of GNB were carried out by standard
methods and did not change during the study period. Suscepti-
bility testing was performed according to the criteria of the
National Committee for Clinical Laboratory Standards
(NCCLS) [15].

Outcome Assessment
Primary outcome parameters were death, LOS in the ICU and
general ward. A secondary parameter was appropriateness of the
empirical antibiotic therapy.

An analysis of survivors was performed to ensure that out-
come parameters were not artificially modified by patients who
died in the first days after onset of BSI.

Statistical Analysis
The primary data analysis compared cases and controls, matched
1:1 and if possible 1:2. A second data analysis compared only
hospital survivors. All comparisons were unpaired and all tests of
significance were two-tailed. Categorical variables were com-
pared using Fisher’s exact test. For continuous variables the

Wilcoxon rank–sum test for non-normally distributed variables
was applied. Values are expressed as the mean ± standard
deviation (SD) for continuous variables and as a percentage of
the group for categorial variables. All p-values are two-tailed and
p-values with p < 0.05 indicate statistical significance.

To adjust results for potential confounders a multiple
regression analysis was performed.

Results
Seventy-four cases fulfilled the study criteria and 71 could
be matched to at least one control patient. Overall, 99
controls could be matched during the study period.

There was no difference either in demographic data,
underlying diseases, diagnosis at admission, or invasive
procedures before onset of BSI between cases (n = 71)
and controls (n = 99) (see Table 1). However, mechanical
ventilation and LOS in the ICU before onset of BSI were
prolonged in cases compared to controls (24.19 days vs
17.08 days; p = 0.0283 and 14.9 days vs 8.9 days; p = 0.05,
respectively) (see Table 1). 56 Out of 71 cases (79%), in
contrast to only 61 out of 99 controls (61%) received
antibiotic therapy before onset of BSI (p = 0.0191). Only a
limited number of patients had a community-acquired BSI
(8 vs 14%; p = 0.3365). It is of note that the Apache II
score on day 3 before onset of BSI was almost identical
between cases and controls (10.50 vs 9.42; p = 0.2249). The
distribution of bacteria isolated in the blood cultures was
as follows: Acinetobacter sp. (18), Enterobacter sp. (15),
P. aeruginosa (15), Serratia marcescens (11), E. coli (6),
Citrobacter sp. (3), S. maltophilia (2) and Klebsiella sp. (1).

38% of cases with MRGNB were 38%, in contrast to
23% of controls with sensitive GNB (p = 0.0418). LOS
in the ICU after the onset of BSI was prolonged for
cases by an average of 7 days (12.35 days vs 5.79 days;
p = 0.0049).

There was no difference in LOS before and after the
onset of BSI when cases and controls were treated on
general wards (see Table 2). Overall, only 42% of cases
(30/71) and 62% of controls (61/99) received appropriate
empirical antibiotic therapy (p = 0.0191).

After adjustment for potential confounders (LOS
before BSI, frequency of ICU stay before and ventilation,
nosocomial-acquired infections and appropriateness of
empiric antibiotic therapy) the only independent factor
associated with mortality was MRGNB (p = 0.013).

LOS in the ICU before BSI (p = 0.001) and MRGNB
(p = 0.027) were independent risk factors for the pro-
longed ICU stay after onset of BSI.

Discussion
In this study major risk factors for severe infections with
multiresistant bacteria were, prolonged antibiotic therapy
and mechanical ventilation before the onset of BSI.

The mortality of patients with BSI with multiresistant
GNB was significantly higher in comparison to the control
group (p = 0.0418). Other studies investigating the impact
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of antibiotic resistance in GNB-induced BSI on mortality
found corresponding results [16–18].

In a prospective cohort study Schwaber et al. [19]
reported that patients with bacteremia caused by ESBL-
producing Enterobacteriaceae had a higher mortality rate
(30% vs. 16%, p = 0.03). Kim et al. [17] compared 49
patients with pneumonia due to ESBL-producing E. coli
and Klebsiella pneumoniae and found that mortality was
significantly higher in comparison to the non-ESBL-group
(26.7% vs. 5.7%, p = 0.001). Similarly, Ariffin et al. [18]
reported a higher mortality in neutropenic children with
ceftazidime-resistant K. pneumoniae bacteremia com-
pared to ceftazidime-sensitive K. pneumoniae bacteremia
(50.0% vs 13.3%, p = 0.02).

However, there are studies showing no significant
impact of antibiotic resistance on mortality [19–21]. In a
retrospective hospital-wide cohort study with 231 episodes
of multiresistant gram-negative bacteremia, Harbarth
et al. [19] could not document any difference in mortality.

Blot et al. [20] also failed to demonstrate an adverse effect
of resistance on mortality even in critically ill patients. In
addition, in a prospective cohort study Raymond et al. [21]
has found no difference in mortality with multiresistant
gram-negative bacteremia after matching for age, organ-
ism and Apache II score (23.6% vs 29.2%, p = 0.35).

The importance of an early and appropriate antimi-
crobial therapy [22–24] and its impact on hospital mor-
tality [25–27] is well known. Therefore different outcomes
in studies comparing resistant and susceptible bacteria
might be explained with delayed administration of an
appropriate initial antibiotic therapy. In all of the afore-
mentioned studies assessing a higher mortality rate in
antibiotic resistant GNB-induced severe infections, pa-
tients received more often, inappropriate initial empirical
antibiotic therapy. In contrast, Blot [20] showed that
administration of appropriate initial empirical antibiotic
therapy was extremely high in both groups (93.1% vs
91.1%). Moreover Harbarth et al. [19] used an initial

Table 1
Patient characteristics, diseases and therapy before onset of bloodstream infection.

BSI with MGNB
n = 71

BSI with SGNB
n = 99

p-value

N (Mean ± SD) % N (Mean ± SD) %

Age [years] 63.09 ± 15.82 64.16 ± 16.39 0.4565
Sex (males) 50 70 73 74 0.7284
BSI before 48 h after admission 6 8 14 14 0.3365
Apache II score (n = 58, n = 76) 10.50 ± 5.6 9.42 ± 4.15 0.2249
Underlying diseases:

Cardiovascular 27 38 47 48 0.2725
Respiratory 12 17 9 9 0.1577
Digestive and biliary 16 23 15 15 0.2331
Genitourinary 16 23 19 19 0.7010
Neurologic 12 17 10 10 0.2474
Diabetes 18 25 24 24 1
Infectious 1 1 2 2 1
AIDS and immunodeficiency 14 20 17 17 0.6913
Malignancy 15 21 23 23 0.8524

Initial ward at onset of BSI:
Patients in ICU [freq] 38 54 45 46 0.3513
Patients on general ward [freq] 33 46 54 54 0.3513

Ventilation:
Ventilation [freq] 26 37 33 33 0.7442
Ventilation [days] 24.19 ± 17.08 17.09 ± 16.29 0.0283

Antibiotic therapy:
Penicillin + b-lactamase-inhibitor [freq] 30 42 28 28 0.0715
Third-generation cephalosporins [freq] 16 23 7 7 0.0056
Quinolones [freq] 12 17 13 13 0.5168
Carbapenems [freq] 9 13 8 8 0.4377
Pencillin + b-lactamase-inhibitor [days] 10.27 ± 5.11 9.04 ± 7.10 0.1554
Third-generation cephalosporins [days] 9.69 ± 4.61 9.57 ± 6.27 0.8934
Quinolones [days] 11.58 ± 7.9 5.08 ± 3.23 0.0269
Carbapenems [days] 10.33 ± 6.91 10.88 ± 5.87 0.5307
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empirical antibiotic regimen for gram-negative sepsis of a
combination of a carbapenem and a quinolone or ami-
noglycoside; thereby, multiresistant bacteria were cov-
ered.

To achieve the aim of an appropriate antimicrobial
therapy as early as possible Depuydt [28, 29] and Blot [30]
could demonstrate systemic surveillance cultures to be a
promising tool.

During the study period there were no hospital-spe-
cific recommendations for the initial antibiotic treatment
implemented. This may explain the rate of 38% inade-
quate initial therapy

In this study, MRGNB-induced BSI was also associ-
ated with an increased LOS in the ICU after the onset of
infection. We suspect that initial inappropriate empirical
antibiotic therapy might have complicated (p = 0.053) but
did not prolong the clinical course (p = 0.262) in these
critically ill patients. After adjustment for potential con-
founders LOS in the ICU before onset of BSI and
MRGNB were independent predictors for a prolonged
ICU stay.

The matching process of this study did not take into
account whether infections were nosocomial acquired or
in the community. However, as the numbers of patients in
both groups with community-acquired BSI were very low
(8% of cases vs 14% of controls, p = 0.3365) a probable
bias might be negligible. After adjustment, this potential
confounder was not associated with mortality (p = 0.634)
or prolonged LOS in the ICU (p = 0.683).

Another weakness of this study might be that the
matching did not take into account LOS prior to infection.
However, Blot et al. [31] could show that the impact of

exposure time on attributable mortality caused by GNB
did not necessarily have an impact on the outcome. After
adjustment for the potential confounders mentioned
above an impact could be excluded in this study as well
(p = 0.847).

As this study is a hospital-wide matched cohort study
including patients in the ICU and on general wards the
APACHE II Score was only available for 56 of 71 cases
(79%) and 76 of 99 controls (77%). Therefore matching
for disease severity was not possible; however, the mean
score of both groups did not differ.

In conclusion, BSI with MRGNB was associated with
a higher mortality rate and a significant prolonged LOS in
the ICU. Major risk factors were prolonged antimicrobial
therapy and mechanical ventilation prior to the infection.
Cases received significantly more often inappropriate
initial empirical antibiotic therapy. Especially in the set-
ting with a high prevalence of MRGNB, initial antibiotic
therapy for severe infections must be broad enough to
cover these bacteria.

References

1. Kunin CM: Antibiotic resistance – a world health problem we
cannot ignore. Ann Intern Med 1983; 99: 859–860.

2. Cohen ML: Epidemiology of drug resistance: implications for a
post-antimicrobial era. Science 1992; 257: 1050–1055.

3. Livermore DM: Bacterial resistance: origins, epidemiology and
impact. Clin Infect Dis 2003; 36: 11–23.

4. Holmberg SD, Solomon SL, Blake PA: Health and economic
impacts of antimicrobial resistance. Rev Infect Dis 1987; 9:
1065–1078.

Table 2
Mortality rates, length of stay and antibiotic treatment after onset of bloodstream infection.

BSI with MGNB
n = 71

BSI with SGNB
n = 99

p-value

N (Mean ± SD) % N (Mean ± SD) %

Mortality rates [freq] 27 38 23 23 0.0418
Length of stay:

Intensive care unit [days] 12.35 ± 18.81 5.79 ± 11.44 0.0049
General ward [days] 15.49 ± 17.69 18.20 ± 18.65 0.2892

Antibiotic therapy:
Penicillin + b-lactamase-inhibitor [freq] 23 32 35 35 0.7443
Third-generation cephalosporins [freq] 26 37 24 24 0.0900
Quinolones [freq] 24 34 27 27 0.3984
Carbapenems [freq] 23 32 10 10 0.0004
Penicillin + b-lactamase-inhibitor [days] 6.65 ± 5.42 10.06 ± 6.55 0.0326
Third-generation cephalosporins [days] 7.50 ± 5.84 8.08 ± 3.15 0.2664
Quinolones [days] 6.96 ± 3.50 8.11 ± 5.91 0.7329
Carbapenems [days] 9.74 ± 9.95 5.90 ± 4.09 0.3538

Initial antibiotic therapy:
Appropriate [freq] 30 42 61 62 0.0191

A.M. Sostarich et al. Impact of Multiresistance of GNB in BSI

34 Infection 36 Æ 2008 Æ No. 1 � URBAN & VOGEL



5. Carmeli Y, Troillet N, Karchmer AW, Samore MH: Health and
economic outcomes of antibiotic resistance in Pseudomonas
aeruginosa. Arch Intern Med 1999; 159: 1127–1132.

6. McGowan JE Jr: Economic impact of antimicrobial resistance.
Emerg Infect Dis 2001; 7: 286–292.

7. Rello J, Sole-Violan J, Sa-Borges M, Garnacho-Montero J, Munoz
E, Sirgo G, Olona M, Diaz E: Pneumonia caused by oxacillin-
resistant Staphylococcus aureus treated with glycopeptides. Crit
Care Med 2005; 33: 1983–1987.

8. Blot SI, Vandewoude KH, Hoste EA, Colardyn FA: Outcome and
attributable mortality in critically ill patients with bacteremia
involving methicillin-susceptible and methicillin-resistant
Staphylococcus aureus. Arch Intern Med 2002; 162: 2229–2235.

9. Combes A, Luyt CE, Trouillet JL: Impact of antibiotic-resistant
bacteria on the outcome of ventilator-associated pneumonia.
Semin Respir Crit Care Med 2006; 27: 23–28.

10. Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ, Karch-
mer AW, Carmeli Y: Comparison of mortality associated with
methicillin-resistant and methicillin-susceptible Staphylococcus
aureus bacteremia: a meta-analysis. Clin Infect Dis 2003; 36:
53–59.

11. Whitby M, McLaws ML, Berry G: Risk of death from methicillin-
resistant Staphylococcus aureus bacteremia: a meta-analysis.
Med J Aust 2001; 175: 264–267.

12. Gastmeier P, Sohr D, Geffers C, Behnke M, Daschner F, Rueden
H: Mortality risk factors with nosocomial Staphylococcus aureus
infection in intensive care units: results from the German
nosocomial infection surveillance system (KISS). Infection 2005;
33: 50–55.

13. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA,
Schein RMH, Sibbald WJ: Definitions for sepsis and organ failure
and guidelines for the use of innovative therapies in sepsis.
Chest 1992; 101: 1644–1655.

14. Soufir L, Timsit J, Mahe C, Charlet J, Regnier B, Chevret S:
Attributable morbidity and mortality of catheter-related septi-
cemia in critically ill patients: a matched, risk-adjusted, cohort
study. Infect Control Hosp Epidemiol 1999; 20: 396–401.

15. NCCLS PAV (ed): Performance standards for antimicrobial disk
susceptibility tests. National Committee for Clinical Laboratory
Standards (NCCLS) 1993.

16. Schwaber MJ, Navon-Venezia S, Kaye KS, Ben-Ami R, Schwartz
D, Carmeli Y: Clinical and economic impact of bacteremia with
extended-spectrum-beta-lactamase-producing enterobacteria-
ceae. Antimicrob Agents Chemother 2006; 50: 1257–1262.

17. Kim YK, Pai H, Lee HJ, Park SE, Choi EH, Kim J, Kim JH, Kim EC:
Bloodstream infections by extended-spectrum b-lactamase-
producing Escherichia coli and Klebsiella pneumoniae in children:
epidemiology and clinical outcome. Antimicrob Agents Che-
mother 2002; 46: 1481–1491.

18. Ariffin H, Navaratnam P, Mohamed M, Arasu A, Abdullah WA,
Lee CL, Peng LH: Ceftazidime-resistant Klebsiella pneumoniae
bloodstream infection in children with febrile neutropenia. Int J
Infect Dis 2000; 4: 21–25.

19. Harbarth S, Rohner P, Auckenthaler R, Safran E, Sudre P, Pittet D:
Impact and pattern of gram-negative bacteremia during 6 y at

a large university hospital. Scand J Infect Dis 1999; 31:
163–168.

20. Blot S, Vandewoude K, de Bacquer D, Colardyn F: Nosocomial
bacteremia caused by antibiotic-resistant gram-negative bac-
teria in critically ill patients: clinical outcome and length of
hospitalization. Clin Infect Dis 2002; 34: 1600–1606.

21. Raymond DP, Pelletier SJ, Crabtree TD, Evans HL, Pruett TL,
Sawyer RG: Impact of antibiotic-resistant gram-negative bacilli
infections on outcome in hospitalized patients. Crit Care Med
2003; 31: 1035–1041.

22. Saito H, Elting L, Bodey GP, Berkey P: Serratia bacteremia:
review of 118 cases. Rev Infect Dis 1989; 11: 912–920.

23. Bisbe J, Gatell JM, Puig J, Mallolas J, Martinez JA, de Anta MTJ,
Soriano E: Pseudomonas aeruginosa bacteremia: univariate and
multivariate analyses of factors influencing the prognosis in 133
episodes. Rev Infect Dis 1988; 10: 629–635.

24. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, Oh MD, Choe
KW: Bloodstream infections caused by antibiotic-resistant
gram-negative bacilli: risk factors for mortality and impact of
inappropriate initial antimicrobial therapy on outcome. Anti-
microb Agents Chemother 2005; 49: 760–766.

25. Gardiner DF, Scholand SJ, Babinchak T: Mortality and gram-
negative rod bacteraemia in the intensive care unit. J Hosp
Infect 2006; 62: 453–457.

26. Kollef MH: Inadequate antimicrobial treatment: an important
determinant of outcome for hospitalized patients. Clin Infect
Dis 2003; 31: 131–138.

27. Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH: The
influence of inadequate antimicrobial treatment of blood-
stream infections on patient outcomes in the ICU setting. Chest
2000; 118: 146–155.

28. Depuydt P, Benoit D, Vogelaers D, Claeys G, Verschraegen G,
Vandewoude K, Decruyenaere J, Blot S: Outcome in bacteremia
associated with nosocomial pneumonia and the impact of
pathogen prediction by tracheal surveillance cultures. Intensive
Care Med 2006; 32: 1773–1781.

29. Depuydt PO, Blot SI, Benoit DD, Claeys GW, Verschraegen GL,
Vandewoude KH, Vogelaers DP, Decruyenaere JM, Colardyn FA:
Antimicrobial resistance in nosocomial bloodstream infection
associated with pneumonia and the value of systematic sur-
veillance cultures in an adult intensive care unit. Crit Care Med
2006; 34: 653–659.

30. Blot S, Depuydt P, Vogelaers D, Decruyenaere J, De Waele J,
Hoste E, Peleman R, Claeys G, Verschraegen G, Colardyn F,
Vandewoude K: Colonization status and appropriate antibiotic
therapy for nosocomial bacteremia caused by antibiotic-resis-
tant gram-negative bacteria in an intensive care unit. Infect
Control Hosp Epidemiol 2005; 26: 575–579.

31. Blot S, De Bacquer D, Hoste E, Depuydt P, Vandewoude K, De
Waele J, Benoit D, De Schuijmer J, Colardyn F, Vogelaers D:
Influence of matching for exposure time on estimates of
attributable mortality caused by nosocomial bacteremia in
critically ill patients. Infect Control Hosp Epidemiol 2005; 26:
352–356.

A.M. Sostarich et al. Impact of Multiresistance of GNB in BSI

Infection 36 Æ 2008 Æ No. 1 � URBAN & VOGEL 35



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


