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Comparison of bacterial strains and antibiotic
susceptibilities in urinary isolates of spinal cord injury
patients from the community and hospital

SB Yoon1, BS Lee2, KD Lee1, SI Hwang3, HJ Lee2 and ZA Han2

Study design: A one-year epidemiological survey.
Objective: To compare bacterial strains and antimicrobial susceptibilities of urinary isolates from hospital and community spinal cord
injury (SCI) patients.
Setting: A specialized SCI unit in a freestanding rehabilitation hospital.
Methods: From June 2012 through May 2013, urine cultures were obtained from all of the newly admitted patients. Bacterial strains
and antimicrobial susceptibilities were compared between patients from community and hospital settings.
Results: The proportion of Enterobacteriaceae in the total urinary isolates from hospital-dwelling patients was smaller than that from
community-dwelling patients (66.0 vs 85.5%, Po0.001), while the proportions of Pseudomonas, Acinetobacter and Enterococcus
species were relatively larger (8.7%, 6.0% and 12.0% vs 2.8%, 0.7% and 2.8%, respectively, Po0.05). The isolates from hospital-
dwelling patients showed lower susceptibility to ampicillin, amoxicillin-clavulanic acid, trimethoprim-sulfamethoxazole and all
generations of cephalosporin (Po0.05), and a higher prevalence of extended-spectrum beta-lactamase (ESBL)-producers (41.7 vs
5.4%, Po0.001), compared with those from community-dwelling patients. The susceptibility rates to levofloxacin were lower than
50% in both community and hospital-dwelling patients.
Conclusion: Broader-spectrum antibiotics should be considered in treating nosocomial urinary tract infection (UTI) of SCI patients
because of the relatively wide variety of organisms and higher frequency of antibiotic-resistant strains, including ESBL-producing
Enterobacteriaceae in hospital-derived specimens. Furthermore, in areas with high prevalence of fluoroquinolone resistance,
fluoroquinolones should be used with caution during empirical treatment for UTI in SCI patients.
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INTRODUCTIONS

People with spinal cord injury (SCI) have increased risk of developing
urinary tract infections (UTIs). The use of catheters, elevated bladder
pressure, and increased post-void residual volumes are the major
contributing factors for UTI in these patients.1,2 Although long-term
urologic rehabilitation has advanced, UTI is still one of the leading
cause of morbidity in patients with SCI, and is also associated with a
significantly increased mortality.3 UTI is a clinical challenge for both
patients and physicians.
UTI has also been known to be the most common type of

nosocomial infection in SCI patients.4 SCI patients have long
hospital stays and such frequent and prolonged hospitalization can
affect bacterial strains in urine, and can increase the risk of acquiring
antibiotic resistance. These changes may lead to inappropriate
antibiotic selection and treatment failure.
Some previous studies have investigated the spectrum of micro-

organisms and their antibacterial susceptibilities from urinary tract
isolates of SCI patients.5–7 The results of these studies may help to select
proper antimicrobial agents during empirical therapy for UTI. However,
these studies have only assessed the outpatient SCI population.

Empiric antibiotic treatment for UTI should be initiated on the
basis of knowledge of the local bacterial ecology. In this regard,
identification of pathogens and assessing their susceptibility to
antimicrobial agents in relation to areas of residence is essential for
implementing proper empirical treatment. We compared the bacterial
strains of urinary isolates from hospital and community SCI patients.
We also analyzed the antibiotic susceptibility profile of Enterobacter-
iaceae, which is known to be the major uropathogen in SCI
patients.2,8

This study is the first to investigate and compare urine specimens
of both community and hospital-residing SCI patients. Such an
evaluation can be useful for establishing antibiotic policy on empirical
UTI treatment in SCI patients.

MATERIALS AND METHODS

Setting and design
This study was performed at a specialized SCI unit at National Rehabilitation

Center of Korea. The National Rehabilitation Center is specialized for

rehabilitation treatment and related services and is a referral hospital that

accepts patients from other hospitals throughout the nation. It also provides
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annual check-up programs on urologic function for SCI patients from the

community. In the rehabilitation center, urine cultures were routinely

requested on admission to screen for the presence of highly resistant

microorganism and determine the need for active surveillance and isolation.

This epidemiological survey was carried out for one year, between June 2012

and May 2013. Urine samples were obtained on admission from all SCI

patients during the study period. We collected data from electronic patient files

including demographic characteristics, etiology and date of injury, injury level,

voiding method and results of urine cultures. There were no missing values in

the data set. This study was approved by the Institutional Review Board of this

study institution. The written informed consents were exempted by the board

because this study was performed assessing the data of patients that had been

obtained during standard medical care.

Patients
SCI patients over the age of 18 years who were admitted to the National

Rehabilitation Center during the study period were included in this study. The

patients were divided into two groups with one being community-residing SCI

patients who were undergoing their annual urologic function check. SCI

patients who had not been hospitalized within 90 days before admission were

defined as community-residing SCI patients on the basis of definitions given in

a previous study.9 The other group comprised hospital-dwelling SCI patients

who were transferred to our institute for intensive rehabilitation from other

hospitals.

Urine cultures
Urine samples were collected from all patients on admission day. A clean-catch

midstream technique was used for patients who were able to void. Meanwhile,

urine samples were collected sterilely from the bladder at the time of

intermittent catheterization, or from indwelling catheters for patients who

were incapable of voluntary bladder voiding in accordance with guidelines

established by the center. All specimens were cultured and isolates were

identified at the authorized institute (Seoul Clinical Laboratories, Seoul,

Korea).

Significant bacteriuria was defined as presenting 104 or more colony-

forming units per ml. Bacterial identification and antibiotic susceptibility

testing were performed using Vitek 2 system (bioMérieux, Durham, NC, USA).

Antibiotic susceptibility for ampicillin, amoxicillin-clavulanic acid, cefazolin,

cefuroxime, cefotaxime, cefepime, trimethoprim-sulfamethoxazole, levofloxa-

cin, gentamycin, amikacin and imipenem were tested for strains in the

Enterobacteriaceae family. Screening test for extended-spectrum beta-lactamase

(ESBL) was also conducted for Escherichia coli and Klebsiella species. Antibiotic

susceptibility and the presence of ESBL from grown isolates were determined

according to the Clinical and Laboratory Standards Institute guidelines.10

Statistical analysis
Continuous data are presented as means±s.d., and categorical data as

quantities and proportions. A Chi-square test or a Fisher’s exact test was

used to analyze categorical data and the two-sample independent t-test

was used to analyze continuous data. Factors potentially associated with

antibiotic resistance were investigated using univariate and multivariate logistic

regression analyses. We performed a regression analysis on second-generation

cephalosporin (cefuroxime) on the basis that it is an antibiotic generally

used in the empirical treatment of UTI,3 and most commonly used at our

institution. The analysis was performed using STATA version 12.1 (StataCorp.,

College Station, TX, USA), and statistical significance was accepted for

P-values of o0.05.

RESULTS

A total of 424 patients were included in the study. The mean age of
the study group was 48.3±14.7 and 73.1% were male. Out of the
total, 189 patients were community residing and 235 were those
transferred from other hospitals. The baseline characteristics of the
two groups are summarized in Table 1.

The most common microorganisms detected in the urine cultures
in both community and hospital-dwelling SCI patients were the
Enterobacteriaceae family (Table 2). However, the proportion of
Enterobacteriaceae among the total urinary isolates of hospital-dwell-
ing patients was smaller than that of the community-dwelling patients
(66.0 vs 85.5%, Po0.001). Meanwhile, the proportions of Pseudo-
monas, Acinetobacter and Enterococcus species were relative larger in
the hospital-residing patients, compared with those from the com-
munity (8.7%, 6.0% and 12.0% vs 2.8%, 0.7% and 2.8%, respectively,
Po0.05). E. coli and Klebsiella species were the first and the second
most common strains, respectively, in the Enterobacteriaceae family of
both community and hospital-dwelling patients, and these two
species comprised 70% of the total Enterobacteriaceae family
(Table 3).

Table 1 Clinical characteristics of the patients from community and

hospital (N¼424)

Community

(n¼189)

Hospital

(n¼235)

Age (years) Mean±s.d. (range) 45.2±12.7

(18–78)

50.9±15.7

(19–84)

Sex Male (%) 146 (77.2%) 164 (69.8%)

Duration of injury

(months)

Mean±s.d. (range) 126.5±97.5

(3–532)

12.5±22.3

(1–164)

Etiology of injury Trauma (%) 160 (84.7%) 180 (76.6%)

Non-trauma (%) 29 (15.3%) 55 (23.4%)

Injury level Paraplegia (%) 104 (55.0%) 106 (45.1%)

Tetraplegia (%) 85 (45.0%) 129 (54.9%)

Voiding method Spontaneous voiding (%) 35 (18.5%) 73 (31.1%)

CIC (%) 125 (66.1%) 78 (33.2%)

Indwelling catheter (%) 29 (15.3%) 84 (35.7%)

Number of

uropathogens

None (%) 52 (27.5%) 89 (37.9%)

Single organism (%) 133 (70.4%) 142 (60.4%)

Double organisms (%) 4 (2.1%) 4 (1.7%)

Abbreviation: CIC, clean intermittent catheterization.

Table 2 Microorganisms of urinary isolates in patients from

community and hospital (N¼291)

Community

(n¼141)

Hospital

(n¼150)

P-value

Gram-negative species

Enterobacteriaceae family 121 (85.5%) 99 (66.0%) o0.001

Pseudomonas species 4 (2.8%) 13 (8.7%) 0.044

Acinetobacter species 1 (0.7%) 9 (6.0%) 0.020a

Gram-positive species

Enterococcus species 4 (2.8%) 18 (12.0%) 0.003

Staphylococcus species 4 (2.8%) 3 (2.0%) NSa

Streptococcus species 3 (2.1%) 2 (1.7%) NSa

Others 4b (2.8%) 6c (3.0%) NSa

Abbreviation: NS, not-significant.
aFisher’s exact tests were used.
bBurkholderia capacia (1), Flavabacterium ordoratum (1), Stenotrophomonas maltophilia (1)
and undefined Gram-positive bacillus (1).
cFlavabacterium ordoratum (1), Stenotrophomonas maltophilia (1), Alcaligenes xylosoxidans (1)
and Yeasts (3).
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The susceptibility rates of Enterobacteriaceae to various antimicro-
bial agents, and the prevalence of ESBL-producers in E. coli and
Klebsiella species are presented in Figure 1. The isolates from hospital-
dwelling patients showed significantly lower susceptibility to ampi-
cillin, amoxicillin-clavulanic acid, trimethoprim-sulfamethoxazole

and all generations of cephalosporin, compared with those from
community-dwelling patients (Po0.05). Amikacin and imipenem
were the most effective antibiotics with more than 90% of the isolates
being susceptible to these antibiotics in both groups. Meanwhile, the
isolates were less susceptible to levofloxacin, which showed lower than
50% susceptibility rates regardless of residency status. The prevalence
of ESBL-producers in E. coli and Klebsiella species was significantly
higher in isolates from hospital-dwelling patients than those from
community-dwelling patients (41.7 vs 5.4%, Po0.001).
Logistic regression results for factors associated with cefuroxime

resistance are summarized in Table 4. Compared with community-
residing patients, odds ratios for cefuroxime resistance of hospital-
residing patients was 3.61 (95% confidence intervals (CI), 2.00–6.53)
and 3.19 (95% CI, 1.68–6.02) in univariate and multivariate analysis,
respectively. Age, sex, injury level and voiding methods were also
investigated as factors potentially associated with the resistance.
However, both univariate and multivariate regression analyses did
not show an association between these factors and antibiotic
resistance.

DISCUSSION

This study showed that bacterial strains and their antibiotic suscept-
ibilities of urinary isolates were different between SCI patients from
the community and those from the hospital. Various nosocomial
organisms, such as Pseudomonas, Acinetobacter and Enterococcus
species, were more frequently observed in hospital-dwelling patients.
In addition, microorganisms in the Enterobacteriaceae family from
hospital-dwelling patients were less susceptible to various antimicro-
bial agents, and were at high risk for becoming ESBL-producers.
The Enterobacteriaceae family was the major urine isolates in both

SCI patient groups. However considering that the proportions of
Pseudomonas, Acinetobacter and Enterococcus were higher in the
nosocomial group, such isolates should also be considered as possible
uropathogens especially in hospitalized SCI patients. Pseudomonas and
Acinetobacter species have already been known as established patho-
gens in general hospital-acquired infections, and the treatment of
these species is a challenging task because of their limited susceptibility
and the emergence of resistance during therapy.11,12 Enterococcus
species can also be possible UTI pathogens in hospitalized SCI
patients, and have been known to be relatively more common in
catheter-associated UTI.8 Because of their inherent resistance to
cephalosporin and aminoglycoside, specialized antimicrobial
management should be considered in treating Enterococcal UTI.13

Besides the wide variety of organisms, degree of antimicrobial-
resistance was different between the two SCI patient groups. In SCI

Table 3 Bacterial strains of Enterobacteriaceae family in patients

from community and hospital (N¼220)

Community (n¼121) Hospital (n¼99) Total (N¼220)

Escherichia coli 73 (60.3%) 44 (44.4%) 117 (53.2%)

Klebsiella species 19 (15.7%) 28 (28.3%) 47 (19.1%)

Serratia marcescens 11 (9.1%) 9 (9.1%) 20 (9.1%)

Enterobacter species 5 (4.1%) 5 (5.1%) 10 (4.5%)

Citrobacter species 5 (4.1%) 3 (3.0%) 8 (3.6%)

Proteus mirabilis 4 (3.3%) 3 (3.0%) 7 (3.2%)

Morganella morganii 2 (1.7%) 5 (5.1%) 7 (3.2%)

Providencia species 2 (1.7%) 1 (1.0%) 3 (1.4%)

Cedecea davisae 0 (0.0%) 1 (1.0%) 1 (0.5%)

Figure 1 The antibiotic susceptibility rates for Enterobacteriaceae and the

prevalence of ESBL-producers. Amox-Clav, amoxicillin-clavulanic acid;

TMP-SMZ, trimethoprim-sulfamethoxazole. *Po0.05. wPo0.001. zThe
screening test and prevalence calculation for ESBL were conducted only in

Escherichia coli and Klebsiella species.

Table 4 Logistic regression analyses for factors associated with the resistance of Enterobacteriaceae to second-generation cephalosporin

(cefuroxime)

Factor Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Age X60 years (vs o60 years) 1.49 (0.85–2.61) 0.167 1.29 (0.69–2.41) 0.418

Male (vs female) 1.44 (0.78–2.64) 0.242 1.99 (0.99–3.99) 0.053

Tetraplegia (vs paraplegia) 1.04 (0.59–1.83) 0.886 0.80 (0.42–1.51) 0.488

CIC (vs spontaneous voiding) 0.46 (0.20–1.05) 0.064 0.49 (0.21–1.17) 0.109

Indwelling catheter (vs spontaneous voiding) 1.67 (0.72–3.88) 0.237 1.43 (0.57–1.51) 0.441

From hospital (vs from community) 3.61 (2.00–6.53) o0.001 3.19 (1.68–6.02) o0.001

Abbreviations: CI, confidence interval; CIC, clean intermittent catheterization; OR, odds ratio.
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patients, not only hospital but also community-residing patients have
problems associated with antibiotic-resistant bacterial colonization or
infection due to catheter-associated voiding and frequent antibiotics
usage.5,6,14 However, compared with community-dwelling patients,
isolates from hospital-dwelling SCI patients showed higher resistance
rates to the majority of antimicrobial agents that were investigated.
In related studies, trimethoprim-sulfamethoxazole, amoxicillin-
clavulanic acid and second or third generation of cephalosporins
are generally recommended for the empirical treatment of UTI in
patients with SCI.3,8 However, in our study, these recommended
antimicrobial agents were shown to be less susceptible in isolates
from hospital-residing SCI patients. Therefore, careful clinical
consideration should be made when empirically treating nosocomial
UTI of SCI patient.
ESBL has been known as the most relevant determinant of

resistance in Enterobacteriaceae. In our study, the prevalence of
ESBL-producers from hospital-dwelling patients was about seven
times higher than that from community-dwelling patients, and
comprised more than 40% in E. coli and Klebsiella species. ESBL-
producing organisms not only are capable of degrading the extended-
spectrum cephalosporins and monobactams, but also often exhibit
cross-resistance to other types of antibiotics, such as fluoroquinolones
and aminoglycosides.15 In addition, infections with ESBL-producing
strains have a significant impact on increased morbidity, mortality
and health care-associated costs.16 Carbapenem should be regarded as
the drug of choice when treating serious UTI suspicious by ESBL-
producing organisms in hospital-dwelling SCI patients.
Contrary to expectation, susceptibility to levofloxacin was not

different according to areas of residence in the study. Surprisingly the
susceptibility rate was lower than 50% even in the pathogens from
community-dwelling patients. Fluoroquinolones are the most fre-
quently used medications for UTI, because they provide a broad
spectrum of antimicrobial activity, achieve high levels in the urinary
tract tissue, and can be easily administered orally.17 However, due to
their excessive use, an increase of resistance to fluoroquinolones is
becoming a major threat in Korea.18 In areas with high prevalence of
fluoroquinolone resistance, this drug should not be recommended for
empirical use in UTI of SCI patients.
This study has several limitations. First, this study assessed

bacteriuria, not symptomatic UTI. Bacteriuria in itself does not
necessary imply true infection, because it may indicate mere
colonization and not bacteria with actual tissue invasion.19

However, once colonization of the urinary tract occurs, the SCI
patient is probably at higher risk for further tissue invasion and
symptomatic UTI by the colonizing organism. A further comparison
study assessing symptomatic UTI between community and hospital-
dwelling patients is needed to elaborate and confirm the findings
of our study. Second, the comparison of antimicrobial susceptibility
was only made in Enterobacteriaceae family. Although antibiotic
susceptibility testing was also performed in other species, such as
Pseudomonas, Acinetobacter and Enterococcus, we could not compare
the antibiotic susceptibility according to patient dwelling due to the
minimal number of existing cases. Third, we were unable to confirm
hospitalization durations and antibiotic usage in admissions prior to
our institution. Thus, analysis of antibiotic sensitivities related to
these factors could not be made in this study. Finally, this study was
conducted in a single center. However, this institute is a central
national rehabilitation agency that accepts nationwide SCI patient
referrals and thus can be a reflection of the SCI patients in Korea.
General recommendations for empirical treatment for UTI are not

possible because of the wide variety of organisms and their antibiotic

susceptibility.20 Therefore regimens for empirical treatment must be
on the basis of the statistics of the respective center. However, the
findings of our study could suggest that, in general, broader-spectrum
antibiotics should be considered for use in nosocomial UTI of SCI
patients. Especially, ESBL-producing strains have to be considered as
possible uropathogens in hospital-dwelling patients. Meanwhile,
clinicians should refrain from using fluoroquinolones during
empirical UTI treatment in areas known to have high prevalence of
its resistance. Furthermore, appropriate duration of antibiotic therapy
should be chosen on an individual basis to minimize further
resistance. These evidence-based recommendations could be helpful
in selecting empirical antibiotics in UTI of SCI patients.
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