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Summary 

Gram negative colonisation and infection of the urinary tract is a well recognised compli­

cation of the neuropathic bladder caused by spinal cord injury (SCI). K. pneumoniae 

accounts for one third of all urinary tract infections in hospitalised SCI patients. Plasmid 

analysis has been shown to reliably fingerprint bacterial strains, particularly K. 

pneumoniae, so that growth from two separate locations in or on the body can be accu­

rately analysed as to migration from a reservoir to a target location. 

Eighty seven hospitalised SCI patients on intermittent catheterisation for a total of 586 

patient-weeks were studied. Twice weekly catheterised urine specimens and once weekly 

rectal swab cultures were taken from each patient. Thirty seven patients experienced at 

least one clinically significant (colony count> 10 OOOlmL) urinary tract colonisation 

caused by K. pneumoniae, representing 66 total colonisations. Further analysis of 31 of 
these 37 patients revealed: K. pneumoniae in all of their stool cultures (p < 0'05) and 

the identical strain of K. pneumoniae in the urine as well as the stool in 72% of the 66 

colonisations (p < 0'05). Analysis of 14 patients without K. pneumoniae urinary col­

onisations showed absence of faecal K. pneumoniae in 3, and predominant growth in 

only 4. In 22 of the 37 patients, multiple K. pneumoniae urinary colonisations were 
noted, representing 27 pairs of colonisation. Fifteen of the pairs were found to be relaps­

ing (caused by two identical bacterial strains), and 12 were recurrent (caused by two dif­

ferent bacterial strains). Thirteen of the 15 relapsing pairs also had identical urine and 

stool K. pneumoniae strains (p < 0'05). All colonisations were treated with appropri­
ate antibiotics based on culture and sensitivity reports. Fourteen of the 15 relapsing colon­
isation pairs have identical antibiograms (p < 0'05), while all 12 of the recurrent colon­
isation pairs had different antibiograms (p < 0'05). The differences noted on sensitivity 

patterns (antibiograms) correlated with differences among strains of K. pneumoniae 

based upon plasmid analysis. Treatment of bacteriuria did not affect the nature of re­

peated colonisations regardless of the antibiotic chosen, the route of administration or the 

duration of treatment. 

This work was supported in part by the Department of Education, National Institute on Disability and 
Rehabilitation Research, Grant #G00853511. 
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We conclude that K. pneumoniae found in the urinary tract of spinal cord patients 

usually derive from that individual's own bowel flora, particularly in the case of relaps­

ing bacteriuria. Further, relapsing bacteriuria in patients on intermittent catheterisation 

is typically not due to urinary tract lithiasis or other urinary tract pathology. These results 

also suggest that abundant bowel colonisation with K. pneumoniae is a predisposing but 

not a prerequisite factor for subsequent urinary colonisation. The clinical and epidemiolo­

gical importance of this data warrants further study. 

Key words: Spinal Cord Injury; Bacteriuria; Plasmid analysis; Epidemiology. 

Urinary tract infections (UTI's) are a major cause of morbidity in spinal cord injury 

(SCI) patients and, since repeated episodes of bacteriuria may contribute to the 

deterioration of kidney function, they also represent a risk factor regarding mortal­

ity [Brown, 1982-1983; Donovan, 1978; Erickson, 1982; Rennie, 1978]. Twenty 

years ago the urological prognosis for most SCI patients was one of constant or 

repeated bacteriuria, with episodes of symptomatic UTI's being common. The first 

stages of pyelonephritis in some patients began prior to the end of the initial rehabi­

litation period. Improvements and changes in the medical and surgical manage­

ment of SCI patients in recent years have substantially decreased the risk of 

patients developing multiple UTI's and the consequences of recurrent pyelo­

nephritis. The expanded use of intermittent catheterisation programs (ICP) have 

helped to maintain sterile urine, in addition to reducing the incidence of bladder 

calculi and complications of the male genitalia. Early detection and amelioration of 

severe detrusor sphincter dyssynergia has decreased the incidence of hydronephro­

sis, vesicoureteral reflux and autonomic dysreflexia. Regular annual follow-up has 

revealed impending complications in early stages, before extensive tissue damage 

can occur. As these developments occurred, there has been a concomitant transi­

tion in the attitudes of rehabilitation physicians and scientists in regard to the prac­

ticality of maintaining SCI patients in a bacteriuria-free state during the rehabilita­

tion process and on into the return to the community. This transition is evidenced 

by the use of therapeutic and prophylactic regimens to keep these patients abacter­

iuric and, by reports in the literature of studies directed towards understanding the 

epidemiology of UTI's in SCI patients [Anderson, 1983; Donovan, 1978; 

Erickson, 1982; Krebs, 1984; Montgomerie, 1979]. This area of knowledge is not 

well developed [Casewell, 1978; Christensen, 1972; Cooke and Brayson, 1979]. 

National Spinal Cord Injury Data Research Center statistics reveal that there are 

over 7000 new SCI patients annually and over 65% of all SCI patients experience at 

least one UTI during their initial rehabilitation period [Young, 1982]. In rehabili­

tation hospitals K. pneumoniae accounts for 25 to 36% of all UTI's in SCI patients 

[Brown, 1982-1984; Donovan, 1978; Krebs, 1984]. Body colonisation of hospital­

ised patients with K. pneumoniae is well documented [Bierman, 1951; Casewell, 

1978; Davis, 1974; Gilmore, 1982; Holzman, 1974; Jonsson, 1973; Montgomerie, 

1979; Montgomerie, 1970; Montgomerie, 1983; Pollack, 1972; Rose, 1968]. 

Factors common to many SCI patients, i. e. ICU care, surgery with anaesthesia, 

urinary catheterisation, and antimicrobial therapy, are known to promote bowel 

colonisation by K. pneumoniae [Bierman, 1951; Gilmore, 1982; Houang, 1980; 
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Maki, 1978; Montgomerie, 1979; Montgomerie, 1970; Noriega, 1975; Pollack, 

1972; Rose, 1968]. The epidemiological relationship between bowel colonisation 

and the development of urinary tract infections caused by K. pneumoniae is not well 

understood [Cooke and Brayson, 1979; Montgomerie, 1979; Selden, 1971]. The 

development of effective strategies for the nosocomial management of urinary 

pathogens, such as K. pneumoniae, depends on a highly precise understanding of 

the colonisation/infection interaction that is not achievable with conventional epi­

demiological study methods [Casewell, 1975; Casewell, 1981; Cooke and Brayson, 

1979; De Silva, 1977; Hessek, 1981; Markowitz, 1980; Portnoy, 1981; Rennie, 

1974; Rennie, 1978; Riser, 1981; Simmons-Smit, 1983; Smith, 1982; Tietze, 

1983]. Therefore, a process known as plasmid DNA analysis has been utilised to 

study this interaction. 
Plasmids are auxiliary circular DNA molecules found in many bacterial species, 

and can vary in size and number in different bacterial strains. The plasmid content 

of a bacterium is relatively stable and, because of the many possible size-number 

combinations, the plasmid pattern is essentially unique for each unrelated isolate. 

Plasmid DNA analysis can therefore provide a unique 'fingerprint' for each strain 

of bacterium found among a group of bacteria. K. pneumoniae is an organism parti­

cularly well suited to plasmid DNA analysis because of the frequency with which 

plasmids are found and the ease with which they can be separated. Successful 

epidemiologic studies investigating Klebsiella and Salmonella outbreaks have been 

completed employing plasmid analysis [Holmberg, 1981; John, 1983; Taylor, 

1982]. 
This investigation utilised plasmid DNA analysis, in conjunction with conven­

tional epidemiological techniques to provide information on the role of K. pneu­

moniae in the spinal cord injured patient, specifically exploring; the role of a faecal 

reservoir for subsequent urinary colonisations, the incidence of same or different 

bacterial strains in repeated urinary colonisations, and the efficacy of antibiotic 

therapy in repeated urinary colonisations. 

Materials and methods 

Subjects 

From January 1986 to December 1989, 87 newly injured spinal cord injured 

patients were admitted for inpatient rehabilitation and were expected to be main­

tained on intermittent catheterisation for at least 6 weeks. There were 16 females 

(18%) and 71 males (82%), 33 paraplegics (38%) and 54 quadriplegics (62%). The 

ages ranged from 16 to 66 years, with a median age of 27 years (see Table I). 
The patients were studied from 1 to 19 weeks, with a mean duration of 6·8 

weeks. Total patient weeks of the study was 586 weeks. 

Data collection 

Rectal swabs were collected within 24 hours of enrollment in the program. These 

were repeated weekly (Monday) thereafter. The swabs were plated on McConkey 

media for identification of the predominant organism by routine microbiological 
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Table I Demographics 

Total patients 87 

Sex 

SCI 

females 
males 

paraplegic 
quadriplegic 

16 (18%) 
7I (82%) 

33 (38%) 
54 (62%) 

laboratory techniques. Additionally, the swabs were plated on Klebsiella selective 

media. If growth occurred, the identification was confirmed and 10 isolates were 

picked and stocked for later analysis. Prior to this study 50 K. pneumoniae colonies 

were sampled and subjected to plasmid analysis. It was determined using standard 

probability tables that by sampling 10 colonies from the Klebsiella specific media, 

one would have between a 65% to 99% probability of collecting all strains of K. 

pneumoniae present in the stool. 

Sterile, catheterised urine specimens were obtained for culture within 24 hours 

of enrollment. These were repeated twice weekly (Monday and Thursday) there­

after. All intermittent catheterisations were performed 4 to 6 times daily, and all 

were collected using a sterile technique (sterile gloves, catheterisation kits). The 

urine specimens were plated on blood agar, and subsequent bacterial growth was 

identified in the conventional manner. If Klebsiella were identified, 10 colonies 

were picked and stocked for later analysis. 

If the urine cultures were positive for K. pneumoniae (> 10 000 colonies/ml), 

then the stool isolates from 1 or 2 weeks prior to the positive urine culture and the 

urine isolate were prepared for plasmid analysis. 

Patients with two or more positive urine cultures greater than 2 weeks apart, 

with a negative culture in between, also had their urine isolates prepared for plas­

mid analysis. 

Finally, a record of the antibiotic regimens employed in all patients was made, 

and subsequent repeat urine colonisations noted. 

The plasmid DNA purification technique was performed on the appropriate cul­

ture specimens prior to analysis. The following steps were followed: 

1. 2 ml of culture broth was grown overnight. 

2. Bacteria were harvested by centrifugation and treated with alkaline detergent 

lytic solution to lyse bacteria and denature the DNA. 

3. This solution was then neutralised with TRIS to restore plasmid DNA to its 

double stranded structure (i. e. renature the DNA). 

4. Chromosomal DNA was then selectively precipitated, removed by centrifu­

gation and discarded. 

5. The remaining plasmid DNA was precipitated and collected by centrifuga­

tion. 

6. The plasmid DNA was resuspended in buffer for agarose gel electrophoresis. 

7. Electrophoresis patterns were then analysed to identify isolates. 

Details of this method are presented elsewhere (Portnoy, 1972). 
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Results 

U rine/ stool colonisation 

K. pneumoniae was found in the urine of 37 patients (43%) at least once during the 

study period. Of these 37 patients, 15 (41%) were colonised once and 22 (59%) 

were colonised more than once, representing 66 total colonisations. This repre­

sented one colonisation per each 8·9 patient weeks, or 0·1 colonisations per week 

(Table II). 

Thirty one of these 37 patients were studied further. Their stool was analysed coin­

ciding with the time their urine was colonised to determine if K. pneumoniae was 

the predominant organism. In 19 patients (61%) it was the predominant organism 

and in 12 (39%) the growth was sparse. K. pneumoniae was present in the stool of 

this entire group. Similarly, 14 of the 50 patients who did not grow out K. pneu­

moniae in their urine during the study period and who were hospitalised for at least 

6 weeks, to allow for bowel recolonisation, were further studied. In 4 patients 

(29%) K. pneumoniae was the predominant organism, in 7 (50%) the growth was 

sparse, and in 3 (21%) it was not found (Table III). These differences between the 

31 who grew out K. pneumoniae and the 14 who didn't were statistically significant 

(p < 0·05, z-test for significance of a proportion). Twenty-nine of the 37 patients 

who grew out K. pneumoniae in their urine, representing 44 colonisations, had their 

urine and stool strains compared by plasmid DNA analysis. Thirty one colonisa­

tions (70%) of the 44 had identical urine and stool strains, while 13 colonisations 

(30%) had different strains. These results were statistically significant (p < 0·05, 

Table III 

Table II K. pneumoniae urine colonisations 

Patients with positive cultures (> 10 000 col/ml) 

One colonisation IS (17%) 
Two colonisations IS (17%) 
Three colonisations 7 (8%) 

37 (43%) 

Patients without positive cultures 

SO (57%) 

87 (100%) 

K. pneumoniae growth from stool 

Predominant Sparse 
-----� . . _---

Urinary K. pneumoniae 
Present (31 patients) 19 (61%) 12 (39%) 

Urinary K. pneumoniae 
Absent (14 patients) 4 (29%) 7 (50%) 

None 

0 (0%) 

3 (21%) 

Table III illustrates the relationship between the density of growth of K. 
pneumoniae obtained from stool specimens and the growth of the same species 
from the urine of the same patients, p < 0·05 (z-test for significance of a 
proportion). 
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z-test), and support the premise that the stool serves as a reservoir of K. pneumoniae 

for subsequent colonisation of the urinary tract in SCI patients. 

Repeated urinary colonisation 

As mentioned earlier, 22 (59%) of the 37 patients with K. pneumoniae urinary col­

onisation had 2 or more colonisations. Plasmid analysis was available for 17 of these 

patients. Twelve had 2 colonisations, representing 12 pairs, and 5 had 3 colonisa­

tions, representing 15 pairs, for a total of 27 pairs of colonisations (Table IV). The 

plasmid DNA of these 27 pairs of repeated K. pneumoniae colonisations were com­

pared to distinguish between relapsing (identical bacterial strains) and recurrent 

(different bacterial strains) colonisations. Fifteen of the pairs (56%) were found to 

be relapsing and 12 of the pairs (44%) were found to be recurrent colonisations. 

A comparison of the plasmid DNA analysis of the 15 pairs of relapsing colonisa­

tion and their respective stool cultures, revealed that 13 of the 15 (87%) had identi­

cal urine and bowel strains. This relationship was statistically significant 

(p < 0·05, z-test) and would suggest that the stool serves as a reservoir for the vast 

majority of relapsing bacteriuria. 

The treatment of the initial colonisation of these 27 pairs was examined, both for 

the type and duration of antibiotic treatment. The average period of treatment for 

repeated colonisations which proved to be relapsing was 11·6 days (range 7 to 21 

days) and for colonisations which proved to be recurrent was 12·3 days (range 6 to 

21 days). This difference was not statistically significant. Additionally, no statisti­

cally significant trends of the class of antibiotic used or the method of administra­

tion could be discerned (Tables V and VI). 

The standard laboratory antibiograms from the urine cultures of these 27 pairs of 

colonisations were also reviewed. Fourteen of the 15 pairs (93%) of relapsing colon-

Table IV Repeated K. pneumoniae urine colonisations 

12 patients with 2 colonisations (A, B): 

A -----.:;> B = 12 pairs 

5 patients with 3 colonisations (A, B, C): 

A -----.:;> B 
A -----.:;> C 
B -----.:;> C = 15 pairs 

27 pairs 

Table V Antibiotic treatment of urinary colonisation (duration and route 
of administration) 

Relapsing colonisation 
Recurrent colonisation 

Length of 
treatment 

1l·6 days 
12·3 days 

Oral Intravenous 
dosing dosing 

>95% 
>95% 

<5% 
<5% 
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Table VI Antibiotic treatment of urinary colonisation 
(per cent of urinary colonisations treated with each 
antibiotic class)* 

Relapsing Recurrent 
Type colonisation colonisation 

. _------

Nitrofurantoin 53% 67% 
Cephalosporin 40% 33% 
Fluoroquinolone 40% 33% 
Sulfonamide 33% 50% 
Penicillin 20% 25% 
Aminoglycoside 13% 17% 
Tetracyline 7% 8% 

*Totals are greater than 100% because many colonisa­
tions were treated with more than one antibiotic, 
because: (a) some patients were on prophylactic doses of 
one then started on another: (b) changes were made when 
sensitivities returned or (c) cultures from other sources 
required treatment with a second antibiotic 

isations (identical K. pneumoniae strain) had identical antibiograms, while 12 of 12 

pairs (100%) of recurrent colonisations (different K. pneumoniae strains) had diff­

erent antibiograms. These findings were statistically significant (p < 0'05, z-test) 

and support the view that the antibiogram is generally an accurate measure of 

determining different strains of the same species of K. pneumoniae. 

Owing to the relatively small number of female patients (16), observations con­

cerning male-female differences were not statistically valid. 

Discussion 

The goal of this investigation was to provide a better understanding of the epide­

miology of K. pneumoniae in the SCI patient, and to explore the clinical applica­

tions of specialised epidemiological tools. Plasmid DNA analysis has provided a 

very reliable and relatively simple means of achieving these goals. Prior studies 

have shown K. pneumoniae to be a common bowel coloniser in SCI patients, 

however the relationship between bowel and urine colonisation was poorly under­

stood [Bierman, 1951; Cooke and Brayson, 1979; Cooke and Pool, 1979; Gilmore, 

1982; Houang, 1980; Maki, 1978; Montgomerie, 1979; Montgomerie, 1970; 

Noriega, 1975; Pollack, 1972; Rose, 1968; Selden, 1971]. The data presented 

(Table III) would suggest that the stool is most likely the primary source of urinary 

K. pneumoniae, and in episodes of relapsing bacteriuria this relationship is espe­

cially true. Additionally, a predominance of K. pneumoniae seems to be a predis­

posing but not a prerequisite factor for subsequent urinary growth. The proximity 

of the perineal structures (i. e. male vs. female), the frequency of bowel inconti­

nence, and the appropriateness of technique for bowel and bladder care can all play 

a vital role in the transmission of bacteria from the bowel reservoir. Despite these 

and other risk factors, in a setting where principles of cross infection are strictly 

enforced, the incidence of K. pneumoniae urinary colonisation remains low (circa 

one colonisation for every 9 weeks of hospitalisation or 372 catheterisations). 
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Whereas in the past, repeated urinary tract colonisation with the same bacteria 

had often been presumed to be a relapsing growth, these data demonstrate that 

over 40% of these recolonisations by K. pneumoniae are by different strains. There­

fore the need to undertake extensive investigations to discover a presumed reser­

voir in the urinary tract may be obviated. Thus, a patient without an obvious 

source of bacteria, such as renal/bladder stones, prostatitis or urethral/bladder 

diverticulae, can be spared further evaluation. The same can also be said even 

when recolonisation is caused by the identical strain previously isolated, since a 

bowel reservoir can be presumed in most cases of relapsing K. pneumoniae coloni­

sation. 
No specific antibiotic used to treat a K. pneumoniae colonisation was found that 

seemed to protect against or favour the occurrence of relapsing colonisation. Thus, 

the choice of antibiotic therapy when prescribed for the durations given in this 

study, does not seem to play a major role in whether relapsing versus recurrent 

urinary colonisations occur. More aggressive perineal hygiene and judicious use of 

urinary prophylaxis (i. e. monitoring its effectiveness in limiting specific colonisa­

tions) may reduce the impact that a reservoir in the stool can produce, however. 

The use of routine antibiogram, if plasmid analysis is not available, to assess the 

nature of repeated colonisations may provide an efficient means of determining 

whether they are recurrent or relapsing. However, accuracy of antibiograms may 

vary among laboratories. 

This investigation while providing epidemiological as well as clinically important 

information has not controlled for a number of factors which may have contributed 

to the observed results, primarily because of the complexity of the task. These con­

founding variables include; the varying types of neuropathic bowel/bladder that 

may occur in SCI patients, the role of external catheters, the use of prophylactic, 

antibiotics, types of bowel evacuation, frequency of catheterisation, level of SCI, 

other non-Klebsiella colonisation and the possibility that certain bacterial strains 

may have been missed secondary to sampling error. Future studies should evaluate 

these areas further. 

Conclusions 

The epidemiology of bacterial colonisation of the stool and urine of SCI patients is 

extremely complex. Plasmid DNA analysis and careful microbiological examina­

tion provide an excellent means of assessing the relationship between transmission 

of a bacterium from a reservoir to a target area. K. pneumoniae is readily studied 

with these techniques, and appears to be spread from the faeces to the urine in 

most SCI patients undergoing intermittent catheterisation. Even episodes of repeat 

urinary colonisation with the same strain of bacterium (relapsing) seems to be often 

directly related to a bowel reservoir. Therefore, when no cause for relapsing bacter­

iuria can be found in the GU tract, patients may be safely treated expectantly as 

symptoms warrant since the source is probably from the bowel. The length, route 

or specific class of antibiotic treatment do not appear to be a major determining fac­

tor in the spread of this organism. Antibiograms may provide a reliable means of 

evaluating the nature (i.e. the same versus a different strain of a particular species) 

of repeated bacterial colonisation since they correlate extremely well with strain 

differentiation by plasmid analysis. Further research in this area is vital. 
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