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Blood stream infections due to multidrug-resistant
organisms among spinal cord-injured patients, epidemiology
over 16 years and associated risks: a comparative study

A Dinh1, M Saliba1, D Saadeh2, F Bouchand3, A Descatha4, AL Roux5, B Davido1, B Clair6, P Denys7,
D Annane6, C Perronne1 and L Bernard1,8

Study design: Retrospective study.
Objectives: We aimed to describe the epidemiology of multidrug-resistant organisms (MDROs) during bloodstream infection (BSI) and
identify associated risks of MDROs among patients with spinal cord injury (SCI).
Setting: A teaching hospital, expert center in disability, in France.
Methods: We studied a retrospective cohort of all BSIs occurring in SCI patients hospitalized over 16 years. We described the
prevalence of MDRO BSI among this population and its evolution over time and compared the BSI population due to MDROs and due
to non-MDROs.
Results: A total of 318 BSIs occurring among 256 patients were included in the analysis. The most frequent primary sites of infection
were urinary tract infection (34.0%), pressure sore (25.2%) and catheter line-associated bloodstream infection (11.3%). MDROs were
responsible for 41.8% of BSIs, and this prevalence was stable over 16 years. No significant associated factor for MDRO BSI could be
identified concerning sociodemographic and clinical characteristics, primary site of infection and bacterial species in univariate and
multivariate analyses. BSI involving MDROs was not associated with initial severity of sepsis compared with infection without MDROs
(43.8 vs 43.6%, respectively) and was not associated either with 30th-day mortality (6.2 vs 9%, respectively).
Conclusion: During BSI occurrence in an SCI population, MDROs are frequent but remain stable over years. No associated risk can be
identified that would help optimize antibiotic treatment. Neither the severity of the episode nor the mortality is significantly different
when an MDRO is involved.
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INTRODUCTION

Approximately 276 000 people are living with spinal cord injury (SCI)
in the United States, with an annual incidence of 12 500 new cases
each year.1 In Europe, the incidence of SCI is between 10.4 and 29.4
per million habitants. About half of the SCIs have a traumatic
etiology.2 People with SCI have an increased risk of systemic infection,
pneumonia and septicemia, which cause most infection-related deaths
(~35%).3–5 Blood stream infections (BSIs) are more common in this
population than in the general population.6–8 In literature, the
most common primary site for BSI in patients with SCI is the
urinary tract.3,9 Frequently reported causative organisms of BSI in this
population are Staphylococcus aureus and Gram-negative bacteria.3,7–11

Currently, the increase in drug-resistant bacteria in recent years
underlines the importance of gathering accurate microbiological

information.3 Colonizing multidrug-resistant organisms (MDROs)
are frequent in the SCI population12–14 and can be due to the
massive antibiotic exposure and frequent and prolonged
hospitalization.7,15,16

In the general population, hospital-acquired infections and MDRO
infections are associated with increased mortality and increased
cost.7 In the SCI population, such infections have been shown to
increase the number of hospitalizations and the length of stay.17 Data
on MDRO infection among the SCI population are scarce. The aim of
our study was to describe the prevalence of MDRO bacteria during
BSI episodes in patients with SCI and to compare the characteristics
of the MDRO population with the non-MDRO population. We
developed a large comparative study and looked for associated
risks.
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MATERIALS AND METHODS

Settings and design
We performed a retrospective comparative study with medical chart review
over a 16-year period (from 1 July 1998 to 31 October 2013) among all
patients hospitalized at the Raymond Poincare Teaching Hospital, Garches,
Paris, France, that had an international classification disease 10th version
(ICD-10) such as paraplegic or quadriplegic and positive blood cultures for
bacteria.
The microbiological data were obtained from the local computerized medical

entry, and medical charts were reviewed to collect demographic characteristics,
associated risks and outcomes.

Population
SCI patients were identified by code ICD-10, and medical charts were reviewed
to exclude code mistakes.
Bacterial BSI was defined as follows:

� At least one positive blood culture. For common skin contaminants (for
example, coagulase-negative Staphylococci, Corynebacteria and so on) at least
two different sets of blood cultures were required.

� A prescription of a systemic antibiotic treatment to treat the BSI.

Polymicrobial BSI was defined as having more than one organism found in
the same BSI episode.

Definitions
Microbiological definitions. During the period of the study, the identification
methods have changed. Until May 2011, Gram-negative bacilli, except for
Pseudomonas aeruginosa and Stenotrophomonas maltophilia, were phenotypically
identified by the API 20E biochemical identification system (BioMérieux, Lyon,
France). P. aeruginosa and S. maltophilia were identified by the API 20 NE
biochemical identification system (BioMérieux). The identification of Staphy-
lococci was based on the coagulase test (Bio-Rad, Paris, France), and the
identification of Enterococci was based on the use of tellurite and bile esculin
agar media (BD Diagnostics, Sparks, NV, USA). After May 2011, all isolates
were identified by mass spectrometry (Bruker, Bremen, Germany).

Antimicrobial susceptibility testing was carried out using the agar disk
diffusion method (Bio-Rad) or an automated broth microdilution method
(Phoenix, BD Diagnostics, Oxford, UK). The breakpoints used were those
defined by the French Committee for Antimicrobial Susceptibility Testing
(CA-SFM).

The MDRO status was asserted after reviewing the antibiotic sensitivity and
comparing it with the definitions mentioned in Table 1.

Confirmation of extended-spectrum β-lactamase (ESBL) activity was
provided by testing cefotaxime and ceftazidime in the presence and absence
of clavulanic acid, isolates for which the minimum inhibitory concentration of
cefotaxime or ceftazidime decreased by 3 twofold dilutions when tested in the
presence of clavulanic acid or for which zone diameters increased by 5 mm in
the presence of clavulanic acid were considered positive for ESBL, as described
by the National Committee for Clinical Laboratory Standards.18,19

Primary site of infection. Primary site of infection was defined as clinically
suspected (by the physician in charge or reported on the medical chart) or
bacteriologically documented with the same bacterial identification as that in
the blood culture. Primary sites were categorized as urinary tract infection
(UTI), pressure sore, catheter line-associated BSI, osteoarticular infection,
pulmonary tract infection, other (including skin and soft tissue infection and
intra-abdominal infection) and unknown when no primary site had been
identified.

Severity. Severity was defined as the requirement of at least one of the
following criteria: volume expansion required, assisted (mechanical) ventilation,
vasopressor requirement and ICU (intensive care unit) admission during the
episode.

Mortality. Mortality was defined as dead status before 30 days.20

Occurrence of MDROs and non-MDROs over years
To evaluate the proportion of MDROs according to time, the duration of the
study was divided into 4-year periods (1998–2001; 2002–2005; 2006–2009;
2010–2013). For each period, percentages of MDROs were collected and
compared with each other.

Statistical analysis
All continuous variables are presented as mean and s.d., and the categorical
variables are presented as frequencies. Correlations between risk factors and
characteristics of BSI in patients with SCI and outcome (mortality and severity)
were determined by Student’s t-test for continuous variables and the Pearson's
χ2 test for categorical variables.
Logistic regression analysis was performed to assess the relationship between

all associated risks that had a P-value⩽ 0.2 in the bivariate analysis as
independent variables and MDROs as the dependent variable. The
Hosmer–Lemeshow statistic was calculated to assess the model’s goodness
of fit.
The relative risks of MDROs were estimated by calculating the adjusted odds

ratios and corresponding 95% confidence intervals. Odds ratios were adjusted
for all genders and ages to control for increased risk of MDROs. All reported
probability values (P-values) were based on two-sided tests, and a
P-valueo0.05 was considered statistically significant. All analyses were
performed using the Statistical Package for Social Science (SPSS) version 17.0
(SPSS, Chicago, IL, USA).

RESULTS

Population
From 1 July 1998 to 31 October 2013, 396 episodes of positive blood
cultures were detected. Seventy-eight episodes were dismissed because
they were considered to be contaminated; hence, 318 episodes
of BSI were included among 256 patients. Table 2 shows the

Table 1 Definition of MDRO depending on the micro-organisma

Micro-organisms MDRO strains are intermediate or

resistant to

Pseudomonas aeruginosa At least three of the following

groups of antibiotics:

Piperacillin-tazobactam or

Ticarcillin-clavulanate

Ceftazidime or Cefepime

Carbapenems (Imipenem, Mero-

penem)

Aminoglycosides (Gentamicin,

Tobramycin, Amikacin)

Fluoroquinolones (Ciprofloxacin)

Enterobacteria (Escherichia coli and the KES

bacterial group (Klebsiella, Enterobacter,
Serratia)

At least one of the following

classes of antibiotics:

Third-generation Cephalosporins

Carbapenems

Aminoglycosides

Fluoroquinolones

Enterococcus Glycopeptide or presence of

beta-lactamase

Non-enterococcal Streptococcus Penicillin

Staphylococcus aureus Methicillin (MRSA)

Methicillin-resistant coagulase-negative

Staphylococcus
Both:

Rifampicin

Fluoroquinolones

Stenotrophomonas maltophilia Always considered as MDRO

Abbreviations: MDRO, multidrug-resistant organism; MRSA, methicillin-resistant Staphylococcus
aureus.
aAdapted from: NCCLS18, Tenover et al.19, Obritsch et al.40, Falagas et al.41, Falagas et al.42
and Hachem et al.43
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sociodemographic and clinical characteristics of non-MDRO and
MDRO populations.
The median age of the cohort was 50.84 (±17.04) years, and the sex

ratio was 0.73; 156 patients (61%) of the global population were

paraplegic and 100 (39%) tetraplegic. The mean duration of SCI was
11.6 years.
The most common cause of SCI was mainly post-traumatic

(n= 177; 55%) including motor vehicular accidents, acts of
violence, falls and sporting accidents, followed by multiple sclerosis
(n= 31; 10%) and infection (n= 15; 5%).
Other origins, which accounted for 86 cases (27%), included

vascular insult (for example, medullary ischemia), autoimmune
disease (other than multiple sclerosis), spinal disc herniation and
lumbar-canal stenosis.

Primary site of infection
The primary site of infection was identified in 91% of cases,
including 34% with UTI (n= 108), followed by pressure sore
(n= 80; 25.2%), catheter line-associated BSI (n= 36; 11.3%),
pulmonary tract infection (n= 27; 8.5%) and osteoarticular
infection (n= 19; 6%).

Bacteria and resistance
In total, 351 micro-organisms were isolated in 318 BSI episodes;
31 (9.7%) were polymicrobial (Table 3).
The most causative pathogens were Enterobacteriaceae, which

were identified in 42.5% of cases (n= 135), followed by S. aureus
(n= 84; 26.4%), P. aeruginosa (n= 11; 3.5%), Streptococcus spp.
(n= 32; 10.1%) and Enterococcus spp. (n= 16; 5%).
Distributions of bacteria depending on primary sites of infection

and outcomes are shown in Tables 3 and 4, respectively.
MDROs were involved in 40.5% of BSI and were distributed as

follows: 50.4% Enterobacteriacae (E. coli (n= 28), Klebsiella spp.
(n= 13), Proteus spp. (n= 8), Enterobacter spp. (n= 5), Morganella
spp. (n= 4), Citrobacter spp. (n= 3), Providencia spp. (n= 2) and
Serratia spp. (n= 1)), 34.9% S. aureus (MRSA) and 6.1%
P. aeruginosa.
The proportion of MDROs over time was high but stable

considering the four periods even when we focus on subgroups
such as MRSA, MDRO enterobacteria or ESBL enterobacteria
producers (Figure 1). Actually, despite some variations, the
prevalence of MDROs, ESBL producers and MRSA was not
significantly different according to time (P-values are, respectively,
0.155, 0.553 and 0.159).
No cases of carbapenemase-producing bacteria or vancomycin-

resistant Enterocci were reported during this period.

Severity and mortality
At initial presentation, 43.4% of episodes were considered to be severe,
as defined by ICU admission (34.9%), volume expansion (24.8%),
mechanical ventilation (19.8%) and vasopressor requirements
(15.7%). The mortality rate was 9.1%.
When looking at the association between initial signs of severity and

overall mortality, we found that an episode that was initially severe was
associated with a high mortality rate (P-value of 0.0001 and odds
ratio of 5.73 (2.26–14.51)).

Comparing populations with BSI due to MDROs with non-
MDROs. No significant difference was observed between MDRO
and non-MDRO groups regarding sociodemographic and clinical
characteristics (such as age, gender, paraplegia/tetraplegia criteria,
primary site of infection, severity and mortality; Table 2).
No association was found in univariate and multivariate analyses

between MDROs and age, gender, paraplegia/tetraplegia criteria,
duration of SCI, presence of UTI and initial severity (Table 5).

Table 2 Socio-demographic, clinical and microbiological

characteristics of blood stream infections due to MDROs and

non-MDROs in the SCI population (n= 318)

Non-MDRO MDRO P-value

(n=189; 59%) (n=129; 41%)

Age (mean± s.d.) 49.97±17.01 52.12±17.06 0.270

Male (n,%) 140 (74.1) 92 (71.9) 0.665

Paraplegic (n,%) 119 (63.0) 72 (55.8) 0.297

Tetraplegic (n,%) 67 (35.4) 55 (42.6)

Mean duration of SCI (years) 133.40±12.70 147.31±17.08 0.506

Etiology of SCI (n,%)
Traumatic 105 (66.0) 71 (61.2) 0.410

Multiple sclerosis 14 (10.1) 17 (14.7) 0.274

Infection 10 (7.2) 5 (4.5) 0.375

Neoplasia 4 (2.9) 4 (3.7) 0.716

Other (ischemia, autoimmune

disease, spinal disc herniation,

lumbar spinal stenosis)

53 (28.6) 28 (21.7) 0.061

Primary site of infection (n,%)
Urinary tract infection 59 (31.2) 49 (38.0) 0.211

Decubitus ulcer/sore 49 (25.9) 31 (24.0) 0.702

Venous catheter infection 20 (10.6) 16 (12.4) 0.615

Pulmonary tract infection 17 (9.0) 10 (7.8) 0.696

Osteoarticular infection 11 (5.8) 8 (6.2) 0.888

Other 14 (7.4) 6 (4.7) 0.320

Bacteria species (n,%)
S. aureus 39 (21.0) 45 (34.9) o 0.001

Coagulase-negative

Staphylococcus
5 (2.7) 15 (11.5) 0.002

Escherichia coli 42 (22.5) 28 (21.4) 0.818

Pseudomonas aeruginosa 14 (7.5) 8 (6.1) 0.633

Proteus spp. 8 (4.3) 8 (6.1) 0.463

Klebsiella spp. 11 (5.9) 13 (9.9) 0.179

Acinetobacter spp. 1 (0.5) 4 (3.1) 0.076

Enterobacter spp. 4 (2.1) 5 (3.8) 0.375

Morganella spp. 2 (1.1) 4 (3.1) 0.201

Providencia spp. 0 (0) 2 (1.5) 0.090

Stenothrophomonas spp. 0 (0) 1 (0.8) 0.231

Anaerobes 27 (14.4) 1 (0.8) o 0.001

Streptococcus spp. 32 (17.1) 0 (0) o 0.001

Enterococcus spp. 12 (6.4) 4 (3.1) 0.177

Other (Citrobacter, Serratia) 6 (3.2) 6 (4.6) 0.528

Existence of signs of severity (n,%) 82 (43.6) 56 (43.8) 0.981

Severity types (n,%)
ICU admission 70 (37.2) 41 (32.0) 0.342

Volume repletion

(volemic expansion)

47 (25.0) 32 (25.0) 1.000

Assisted ventilation

(mechanical ventilation)

38 (20.1) 25 (19.4) 0.853

Vasopressors requirements 33 (17.6) 17 (13.3) 0.307

Mortalityo30 days (n,%) 17 (9.0) 8 (6.2) 0.306

Abbreviations: MDRO, multidrug-resistant organism; SCI, spinal cord injury.
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DISCUSSION

Few studies have reported the incidence of MDROs during BSI among
the SCI population despite its potentially life-threatening nature. Most
recent published data are from the 2000s.6,7,9 It seems most important
to us to evaluate this topic in the era of the emergence of bacterial
resistance worldwide.

Our study population
When considering the occurrence and type of BSI in an SCI
population, a difference should be made between recent SCI and

chronic SCI. In a retrospective study by Waites et al.9 of hospitalized
people with SCI, the microbiology of BSI during initial vs subsequent
hospitalizations was compared. The respiratory tract is the origin of
the majority of BSIs during recent SCI, and the urinary tract is the
primary origin during rehospitalizations. UTI is still a major diagnosis
challenge in SCI patients, despite newly developed techniques such as
IL8 dosage, which is an effective biological marker of infection,
especially UTI. 21

In our study, patients have chronic SCI and the characteristics of
the studied population taking into consideration age, sex ratio,
proportion of paraplegic/tetraplegic and cause of SCI (traumatism,
multiple sclerosis, neoplasia, infection, idiopathic, vascular and so on;
Table 2) are the same as other previous reports on a chronic SCI
population.3,9,11

Bacteria
With regard to involved bacteria, most of the authors state that
Gram-negative bacteremia is the most common in this situation, and
the primary site of infection is in most of the cases a UTI due to
bladder dysfunction.3,8–11,22,23 These previous results corroborate our
study, where the most frequent primary sites are UTI and pressure
sore as commonly described in the literature, and Gram-negative
bacteria are the most frequently involved micro-organisms followed by
S. aureus (Tables 2 and 3).3,11,24 Polymicrobial infection is not rare
and is mostly due to pressure sore.

Prevalence/incidence of MDROs in BSI among SCI population
There is an increasing incidence of infections due to MDROs in the
general population, especially with Enterobacteriacae and particularly
ESBL producers and now carbapenemase producers.25

In the general population, infections due to MDROs are associated
with an increased length of stay in hospital, an increased cost and an
increased mortality.7

Table 3 Bacteria species depending on the primary site of infection during bloodstream infection among spinal cord-injured patients

Bacteria species (n,%) Urinary tract

infection (%)

Pressure

sore (%)

CLA (%) Osteoarticular

infection (%)

Pulmonary tract

infection (%)

Other (%) Unknown (%) Total (%)

MSSA 0 9 (9.0) 5 (12.2) 9 (42.9) 12 (44.4) 3 (15.7) 2 (6.25) 40 (11.4)

MRSA 3 (2.6) 15 (15) 6 (14.6) 5 (23.8) 8 (29.6) 4 (21.0) 4 (12.5) 45 (12.8)

Coagulase negative
Staphylococcus 0 4 (4) 14 (34.1) 0 1 (3.7) 1 (5.2) 1 (3.1) 21 (6.0)

E. coli 51 (45.5) 8 (8) 2 (4.9) 2 (9.5) 0 3 (15.8) 5 (15.6) 70 (19.9)

Proteus spp. 10 (8.9) 4 (4) 0 0 0 0 2 (6.25) 16 (4.6)

Klebsiella spp. 20 (17.9) 1 (1) 0 0 0 2 (10.5) 1 (3.1) 24 (6.8)

Pseudomonas aeruginosa 11 (10) 4 (4) 4 (9.7) 0 3 (11.1) 0 0 22 (6.3)

Acinetobacter spp. 2 (1.8) 2 (2) 0 0 0 0 1 (3.1) 5 (1.4)

Enterobacter spp. 2 (1.8) 1 (1) 3 (7.3) 1 (4.7) 0 0 2 (6.25) 9 (2.6)

Morganella spp. 1 (0.4) 5 (5) 0 0 0 0 0 6 (1.7)

Providencia spp. 1 (0.4) 0 0 0 0 0 1 (3.1) 2 (0.6)

Stenothrophomonas spp. 0 1 (1) 0 0 0 0 0 1 (0.3)

Streptococcus spp. 3 (2.7) 17 (17) 0 2 (9.5) 2 (7.4) 4 (21.0) 4 (12.5) 32 (28.6)

Enterococcus spp. 4 (3.5) 5 (5) 2 (4.9) 0 0 1 (5.2) 4 (12.5) 16 (4.6)

Anaerobes 0 21 (21) 1 (2.4) 1 (4.7) 0 2 (10.5) 3 (9.3) 28 (8.0)

Othera 4 (3.5) 2 (2) 4 (9.7) 1 (4.7) 1 (3.7) 0 2 (6.25) 14 (4.0)

Total 112 99 41 21 27 19 32 351

Abbreviations: CLA, catheter line-associated; MRSA, methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus.
One episode had both MRSA and MSSA.
aHaemophilus spp., Serratia spp., Citrobacter spp., unidentified micro-organisms.

Table 4 Severity and mortality depending on bacteria species during

bloodstream infection among spinal cord-injured patients

Bacteria species Severity (n;%) Mortality (n;%)

MSSA (n=40) 19 (47.5) 4 (10)

MRSA (n=45) 23 (51.1) 4 (8.8)

Coagulase-negative Staphylococcus (n=21) 6 (28.6) 0

E. coli (n=70) 28 (40) 6 (8.6)

Pseudomonas aeruginosa (n=22) 12 (54.5) 4 (18.1)

Proteus spp. (n=16) 7 (43.7) 2 (12.5)

Klebsiella spp. (n=24) 8 (33.3) 1 (4.1)

Acinetobacter spp. (n=5) 1 (20) 1 (20)

Enterobacter spp. (n=9) 5 (55.6) 2 (22.2)

Morganella spp. (n=6) 2 (33) 0

Providencia spp. (n=2) 2 (100) 0

Stenothrophomonas spp. (n=1) 0 0

Anaerobes (n=28) 12 (42.9) 1 (3.6)

Streptococcus spp. (n=32) 11 (34.3) 4 (12.5)

Enterococcus spp. (n=16) 7 (43.7) 1 (6.25)

Other (n=14)a 5 (35.7) 2 (14.2)

Total 148 32

Abbreviations: MRSA, methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus.
aOther: Haemophilus spp. Serratia spp., Citrobacter spp., unidentified micro-organisms.
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Few data are available about the prevalence of infections due to
MDROs among the SCI population.
Waites et al.26 report an antimicrobial resistance of about 33% from

urine specimens in outpatients with SCI. Mylotte et al.14 also found a
large proportion (42%) of MDROs in nosocomial infections in an SCI
population.
In our large study, considering infection and not colonization, the

prevalence of MDROs is high but remains stable, whatever bacteria are
involved (P. aeruginosa, Klebsiella spp., E. coli, Proteus spp., S. aureus
and so on; Figure 1).
Hence, the prevalence of MDROs in the SCI population is stable,

whereas it is increasing in the general population. This discordance
may be due to the already high proportion of MDROs in this
specific population because of its already high exposure. Moreover,
it is difficult to measure an increasing prevalence as it is already
so high.
Spinal cord-injured patients are often exposed to antimicrobial

therapy due to the higher incidence of infections in general and UTI in
particular. This high antibiotic exposure leads to a higher MDRO
incidence. Thus, original strategies to prevent infection without
antimicrobials are of most interest. The use of non-virulent bacterial
strains, for example, is one mean to protect the patients against UTI.27

Associated risks of MDROs in BSI
The main risks factors for the acquisition of bacterial drug resistance
are well known: age, recent hospitalization, previous antibiotic

treatment, which is the biggest risk factor, and the presence of a
catheter line or urinary device. Some authors have also identified
chronic disease and immunosuppression, functional status and
APACHE score as risk factors.28–34

Few studies focus on the SCI population, which is most exposed to
antibiotics.28

We looked for a connection between the characteristics of infection
and the presence of MDROs during BSI. Identifying associated factors
would help physicians predict MDRO infection and optimize the
first-line antibiotic treatment. Unfortunately, no associated risk
regarding age, gender, duration of SCI, primary site of infection or
bacteria species has been identified in this population.

Severity
We report a high proportion of episodes with severe presentation,
mostly due to ICU admission and volemic expansion. This high rate of
severe presentation has not yet been reported. Only Bhatt et al.10 in
their study report hypotension in 5 out of 29 cases (17.1%).
There is no significant difference between MDRO and non-MDRO

populations in terms of the proportion of severe presentation.

Mortality
In the general population, the usual rate of mortality varies from 30%
to 50%.35,36 In the SCI population, according to several reports it
varies from 1.7% to 29%.6,9–11

In our data, the mortality rate is low (9.1%). Several hypotheses are
usually advanced to explain this situation: the generally younger age of
the SCI population, the lack of underlying illness and the possibility of
a particular immunity due to recurrent infections such as UTI and the
development of antibodies against bacteremia.10,11,15

Furthermore, in our experience, there is no difference between
MDRO and non-MDRO populations regarding mortality. This could
be explained by the metabolic cost-effectiveness of bacterial resistance
that makes bacteria less virulent.37–39

Bias and weakness
The bias and weakness of our study are due to its monocentric and
retrospective design. However, it is one of the largest cohorts of
patients in relation to this topic to the best of our knowledge.
Therefore, these retrospective results need to be confirmed by future
prospective studies. The definition of MDROs could be discussed, but
there is no standard definition of antimicrobial resistance, especially
for P. aeruginosa and other Gram-negative bacilli. Thus, we used a
classification proposed by different authors.18,19,40–43

With regard to BSI in SCI patients, UTI and decubitus ulcer/
pressure sore are the main primary sites of infection. The main
bacteria involved are Gram-negative bacteria and Staphylococci.
MDROs are frequent in BSI occurring in the SCI population but

remain stable over 16 years. There is no significant difference
regarding main clinical characteristics, primary sites of infection and
bacterial species comparing the MDRO with the non-MDRO popula-
tion in univariate and multivariate analysis.
The MDRO character of the bacteria involved has no impact on

either the severity or the mortality of the episode.
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Figure 1 MRSA, ESBL producers, MDROs and non MDROs according to
time (n=315).

Table 5 Multivariate analysis of the factors associated with MDRO

bacteremia (n=308)

Factors Adjusted OR (95% CI) P-value

Age 1.01 (0.99–1.02) 0.283

Gender 0.93 (0.55–1.58) 0.803

Severity 0.87 (0.53–1.43) 0.590

Duration of SCI 1.07 (0.91–1.27) 0.413

Urinary tract infection 1.38 (0.84–2.28) 0.199

Paraplegic/tetraplegic 1.28 (0.78–2.11) 0.314

Abbreviations: CI, confidence interval; MDRO, multidrug-resistant organism; OR, odds ratio; SCI,
spinal cord injury.
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