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Quantitative cultures of the urethral meatus were obtained from women with SCI undergoing
intermittent catheterization. When compared with the urethral cultures of a group of female
subjects, women with SCI had a greater number of isolates of Klebsiella pneumonia and
Pseudomonas aeruginosa in the urethral ¯ora. However there was not a signi®cantly greater
number of isolates or log numbers of E. coli or Enterococcus sp. in the urethral ¯ora. The E.
coli and Enterococcus sp. isolated from the urine were not isolated from the urethra of female
patients with SCI in one third of the patients. This poor correlation between the simultaneous
urethral and urine cultures of female subjects with SCI may re¯ect colonization of the urine
with organisms that were unable to adhere to the mucosa and colonize the urethra. To what
extent these organisms colonize or are temporary residents may be important in the
pathogenicity of the infection.
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Introduction

Urinary tract infections occur in women with spinal
cord injury as a result of the neuropathic bladder, with
the bacteria usually being introduced into the bladder
at the time of intermittent catheterization.1 The
immediate source of the bacteria causing infections is
assumed to be the ¯ora in the periurethral area.
Women with spinal cord injury while in hospital during
their rehabilitation may have changes in the urethral
¯ora because of a number of factors.

As part of a study comparing the MMG/O'Neill
catheter (Medical Marketing Group, Atlanta, Geor-
gia), with the standard catheter we examined the
urethral ¯ora prior to the development of bacteriuria.
The total aerobic ¯ora, the aerobic gram negative
bacilli, and the Enterococcal species in the urethral
¯ora of female patients with SCI were measured
during their initial rehabilitation in hospital. Urine
cultures were obtained at the same time to determine
the relation of the urethral cultures to bacteriuria. The
results of the urethral cultures were compared with
those of hospital personnel without evidence of disease
of the urinary tract.

Methods

Cultures of the urethral meatus of women with SCI on
intermittent catheterization were taken at weekly
intervals until the patients developed signi®cant
bacteriuria (410,000/ml) and were treated with
antibiotics. Signi®cant bacteriuria was treated regard-
less of symptoms. At that time the patients were
removed from the study until they no longer had
bacteriuria and were o� antibiotics. Quantitative
cultures of swabs of the urethral meatus were used to
determine the total aerobic bacteria and the log
number of isolates of gram negative aerobic bacilli
(GNB) and Enterococcus. The results of the cultures
were compared with those of normal female subjects
(hospital personnel).

Urethral cultures in women were obtained using
sterile cotton swabs, moistened with sterile saline.
Cultures were obtained before the patients were
prepared for intermittent catheterization and the
collection of the urine for culture. The swabs were
inserted approximately 1 cm into the urethra. Swabs
were placed in normal saline (2 ml) and refrigerated at
48C until plated within 2 h. Swabs were agitated with
the vortex and 0.01 and 0.1 ml was plated onto
selective media for Pseudomonas sp., (Pseudomonas
Isolation Agar, Difco Laboratories, Detroit, Mich.)
and Klebsiella sp.2 The cultures were also plated on
MacConkey media to detect E. coli and other gram
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negative aerobic bacilli, CNA for enterococcus species
and BHIA to determine total number of aerobic
bacteria.

Results

Isolation of Gram negative bacilli and Enterococcus sp.
from the urethra of female SCI patients and controls
The number of isolates of gram negative bacilli and
Enterococcus sp. from each group is shown in Table 1.
Forty-eight cultures were obtained from 17 female SCI
patients. The mean number of cultures from each
patient was 2.8 (range 1 ± 7). A single culture was
obtained from the control group of 19 normal women.
A disproportionate number of Klebsiella sp. and
Pseudomonas sp. were isolated from the patients with
SCI. E. coli and Enterococcus sp. were the dominant
¯ora in these cultures but the proportion of individuals
from whom Enterococci and E. coli were isolated was
not signi®cantly greater in women with SCI than
female controls when those patients with bacteriuria
were excluded (Table 2). In addition the log number of
E. coli and Enterococcus sp. in the urethral ¯ora was
not signi®cantly greater in women with SCI than
female controls (Table 3) when cultures obtained at the
time of bacteriuria were excluded.

Relation of Gram negative bacilli and Enterococcus sp.
in urethra and urine of female patients with SCI
The results of the cultures of the urine and the urethra at
the time the patients were found to have developed

bacteriuria is shown in Table 4. E. coli and Enterococcus
sp were the predominant isolates from the urine.
Relatively few Klebsiella sp. and no Pseudomonas were
isolated from the urine. The same species was not
cultured from the urethra in six of 17 (33%) episodes of
bacteriuria with E. coli or Enterococcus sp.

The e�ect of antibiotics on the number of isolates and
log numbers of aerobic ¯ora in urethra
Antibiotics did not alter the log numbers of E. coli and
Enterococci in the urethra but did signi®cantly reduce
the total aerobic ¯ora (Table 5). Antibiotics may also
have altered other gram negative bacilli in the urethra.
Pseudomonas aeruginosa was only isolated from the
urethra of patients who had been receiving antibiotics
and E. coli were not cultured from the urethral swabs
of patients who had received quinolones within one
week of culture of the urethra.

The bacterial ¯ora (number of isolates or log
number of bacteria) was not in¯uenced by age, level
of injury, or self IC.

Table 1 Gram negative bacteria and Enterococcus in the
urethra

Patients Female controls
Bacteria (n=48) (n=19)

E. coli
Klebsiella
Pseudomonas
Proteus sp.
Enterobacter sp.
Citrobacter sp.
Acinetobacter sp.
Enterococcus sp.

17
12
5
3
2
2
0
17

5
2
0
1
1
2
1
7

n= number of cultures

Table 2 E. coli and Enterococcus sp. in urethral flora

Proportion of positive cultures
Subjects Enterococcus E. coli

Female SCI (n=17)
Bacteriuric
Non-bacteriuric

0.41*
0.75*
0.31*

0.36*
0.71*
0.28*

Normal female (n=19) 0.37 0.26

*Mean proportion of positive cultures

Table 3 Mean log no. E. coli and Enterococcus sp. in
urethral flora

Subjects Enterococcus E. coli

Female SCI
Bacteriuric

Non-bacteriuric

2.49+0.68 (9)*
P50.05**

1.09+0.29 (39)
NS

2.85+0.69 (10)
P50.0001

0.65+0.20 (38)
NS

Female controls 1.24+0.39 (19) 0.54+0.25 (19)

* ( )= number of observations. **=Student t test

Table 4 Gram negative bacteria and Enterococcus in the
urethra and urine of Patients with bacteriuria

Bacteria Urine Urethra

E.coli
Klebsiella
Proteus sp.
Enterococcus sp.
S. epidermidis
Candida sp.

10
2
2
9
3
1

7
2
2
6

ND*
ND

*ND=Not done

Table 5 Mean log number of bacteria in the urethra with
the use of antibiotics

Antibiotics

None
Within 7

days
At time of
culture

Bacteria (n=9) (n=8) (n=12)

E. coli
Enterococcus
Total aerobes

0.89+0.51*
1.56+0.54
4.58+0.33**

1.04+0.59
1.83+0.51
4.33+0.40

1.06+0.35
1.10+0.46
3.40+0.33**

*Mean +SDM. **Student t test. Two tailed P value =0.02
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Discussion

Urinary tract infections are a frequent problem in
patients with spinal cord injury. At our institution male
patients have had a high incidence of infection with
Klebsiella and Pseudomonas species which may relate to
the use of external condom catheters.3 Female patients
with SCI tend to have di�erent pathogens. E. coli and
Enterococcus sp. accounted for 71% of infections in
female patients receiving intermittent catheterization.1

Because of the dominance of E. coli and Enterococcus
sp., the bowel has been considered to be the source of
the bacteria causing these infections. The pathogenesis
of urinary tract infection in women with SCI has been
assumed to include contamination of the periurethral
area with bacteria from the bowel, colonization of the
urethra and entry of the bacteria into the bladder at
the time of intermittent catheterization. Our hypothesis
was that these patients would be more frequently
colonized with larger numbers of aerobic gram
negative bacilli and Enterococcus sp. because of bowel
incontinence. We were therefore surprised to ®nd that
E. coli were cultured from the urethral ¯ora of only
36% of urethral cultures from female patients with SCI
and this compared with 26% of the normal adult
women. When isolates at the time of bacteriuria were
excluded, E. coli and Enterococcus sp. were isolated in
essentially identical proportions and the total number
of E. coli and Enterococcus sp. was not di�erent in SCI
and normal adult women. Our results suggest that,
despite the bowel incontinence, urethral colonization
with E. coli or Enterococcus sp. was not increased over
that of normal subjects.

Following the initial report of Stamey and his
colleagues4 many studies have shown that episodes of
E. coli bacteriuria are usually preceded by coloniza-
tion of the urethra or periurethra. In the present
study we found that bacteriuria with E. coli and
Enterococcus sp. may be present without simultaneous
colonization of the urethra. The E. coli and
Enterococcus sp. isolated from the urine was not
isolated from the urethra of female patients with SCI
in one third of the patients. On four occasions when
the same bacteria (E. coli or Enterococcus sp.) was
cultured from the urethra and urine, and prior
urethral cultures within one week were available,
two of the four urethral swabs did not culture the
same bacterial species as that found in the urine.
Thus as many as two-thirds of the patients with
bacteriuria may not have had prior urethral coloniza-
tion. Our speculation is that in these instances E. coli
and Enterococcus sp. were residing temporarily in the
urethra by contamination and not colonizing the
urethral mucosa and that they were inoculated into
the bladder with the catheter. Bacteriuria without
colonization of the urethra has been recorded in other
populations of women. 5 ± 20% of patients with acute
coliform bladder infections have had negative urethral
cultures.4 ± 6 This may occur considerably more
frequently in women with SCI receiving IC and it

does raise a question of pathogenicity of these strains.
Bacteria that can multiply in the urine and cause
bacteriuria but not result in urethral colonization
despite repeated bathing of the mucosa with high
numbers of organisms may be less pathogenic. E. coli
or Enterococcus sp. unable to adhere to the urethral
mucosa may also adhere less readily to the mucosa at
all levels of the urinary tract. Patients with acute
pyelonephritis with E. coli have more adhesions than
patients with asymptomatic bacteriuria7,8 and attach-
ment enhances the virulence of E. coli for the urinary
tract presumably because it enhances bacterial
persistence and invasion of the mucosa. Conversely
it has been suggested that bacteria without adherence
factors may be nonpathogenic and colonize the
urinary tract without symptoms or deterioration of
renal function.9 We attempted to correlate urethral
colonization with symptoms as evidence of patho-
genicity. However because of the nature of this study
there were insu�cient episodes of infection with
symptoms to examine this question. Further studies
could examine the possibility that a positive urethral
culture associated with bacteriuria is an indicator of
the pathogenicity of the bacteria causing infections in
women with SCI receiving IC.

The use of antibiotics was associated with a
reduction in the log number of aerobic bacteria in
the urethral ¯ora of the female patients with SCI
which may re¯ect the susceptibility of these organisms
to the antibiotics used. The bacterial ¯ora colonizing
the periurethral area of normal female subjects,
includes S. epidermidis, Lactobacillus sp. Corynebacter-
ia sp. Bacteroides sp. and streptococci.10,11 These
bacteria could play a role in bacterial interference
and account for changes in the gram negative ¯ora.
Although we observed no signi®cant e�ect of
antibiotics on the log numbers of E. coli or
Enterococci, the presence of aerobic gram negative
bacilli in the urethra of patients with SCI may have
been in¯uenced by antibiotics. Pseudomonas sp. were
only cultured from persons receiving antibiotics. Since
the gram negative bacilli cultured from the urethra
were most likely from the fecal ¯ora, it is also possible
that this observation re¯ects an indirect e�ect of
antibiotics on the bowel ¯ora that has been described
previously.12,13
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