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Abstract

Urinary tract infections (UTIs) are more common and tend to have a more
complicated course in patients with diabetes mellitus than in the general popula-
tion. The mechanisms that potentially contribute to the increased prevalence of
both asymptomatic and symptomatic bacteriuria in these patients are defects in
the local urinary cytokine secretions and an increased adherence of the micro-
organisms to the uroepithelial cells. The need for treatment of asymptomatic
bacteriuria remains controversial. No evidence is available on the optimal treat-
ment of acute cystitis and pyelonephritis in patients with diabetes. Because of the
frequent (asymptomatic) upper tract involvement and the possible serious com-
plications, many experts recommend a 7- to 14-day oral antibacterial regimen for
bacterial cystitis in these patients, with an antibacterial agent that achieves high
concentrations both in the urine and in urinary tract tissues. The recommended
treatment of acute pyelonephritis does not differ from that in patients without
diabetes. Clinical trials specifically dealing with the treatment of UTIs in patients
with diabetes, comparing the optimal duration and choice of antibacterial agent,
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are needed. In addition, new approaches to preventive strategies must prove their
value in this specific patient group.

Urinary tract infections (UTIs) are among the
most common bacterial infections.[!l Up to 50%
of women report having had at least one UTI in
their lifetime.l?) Uncomplicated UTIs occur most
often in young healthy adult women and are easy
to treat. However, in other patient groups, UTIs can
have a complicated course, are more difficult to
treat and often recur. Complicated UTIs occur
most commonly in patients with abnormalities of
the genitourinary tract. However, other subtle con-
ditions such as age over 65 years, treatment with
immunosuppressive drugs, the presence of HIV
infection and last, but not least, diabetes mellitus
also predispose to an enhanced susceptibility for
the development of a UTI with a complicated
course. 34l

Diabetes is the most common endocrine dis-
ease. Besides organ complications as retinopathy,
nephropathy and neuropathy, patients with diabe-
tes also more frequently experience (complicated)
infections compared with patients without diabe-
tes. In a large study of patients with bacteraemia,
it was demonstrated that two thirds of the patients
had diabetes; the urinary tract was the most preva-
lent infection site.l’) In this article we focus on
UTIs, although we are aware that infections else-
where are also very important, particularly in men
with diabetes. Furthermore, it is important to real-
ise that most of the research described in this article
has been performed in female patients who have a
higher prevalence of UTIs than men. Firstly, this
article briefly describes specific aspects of the ep-
idemiology, pathogenesis, clinical presentation
and consequences of asymptomatic and symptom-
atic UTTs in adult patients with diabetes, followed
by a more extensive description of the manage-
ment of bacteriuria in these patients. Because of
the specialised character, the treatment of the com-
plications of UTIs will not be described.

1. Epidemiology

The majority of the infections in patients with
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diabetes are localised in the urinary tract.’’] An au-
topsy study in 1940 showed that approximately
20% of patients with diabetes had a serious infec-
tion of the urinary tract. The authors stated that this
prevalence was five times higher than found in
studies of patients without diabetes.[%! Although
different studies show a wide range, nearly all in-
vestigators report that the prevalence of asymp-
tomatic bacteriuria in women with diabetes is three
to four times higher than in women without diabe-
tes.[”-8 In men, results are more consistent with a
frequency between 1 to 2% found, and no differ-
ence between men with diabetes and those with-
out.l] The frequency of symptomatic infections in
women with diabetes is also increased.[!0]

Both men and women with diabetes have an in-
creased risk of acute pyelonephritis requiring hos-
pital admission. In a recent study, diabetes was es-
timated to increase the probability 20- to 30-fold
under the age of 44 years, and 3- to 5-fold over the
age of 44 years.!'!l Furthermore, complications of
an upper UTI are more likely to occur in patients
with diabetes. For example, emphysematous pye-
lonephritis is seen almost exclusively in patients
with diabetes and, although uncommon, half the
patients with papillary necrosis have diabetes.!'?!

2. Pathogenesis of
Urinary Tract Infections

2.1 General

UTIs almost exclusively arise from the ascend-
ing route. Bacteria colonising the perineum and va-
gina can enter the bladder and further ascend to the
kidneys. The most important defence mechanisms
of the host are the urine flow from the kidneys to
the bladder and intermittent voiding resulting in
complete emptying of the bladder. Patients with
urinary obstruction, stasis and reflux have more
difficulty in clearing bacteria and these conditions
also seem to predispose to the development of a
UTI, although exact data are lacking.[!3]
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The essential step in the pathogenesis of UTIs
is the adherence of uropathogens to the bladder
mucosa. Adhesins (fimbriae) are therefore impor-
tant virulence factors. Although virulence factors
have been characterised best in Escherichia coli
(the most common uropathogen), many of the
same principles may be applicable to other Gram
negative uropathogens, for example Klebsiella
spp.['4l Type 1 fimbriae mediate the adherence of
E. coli to glycoprotein receptors (uroplakins) on
the uroepithelial cells, whereas P fimbriae bind to
glycolipid receptors in the kidney.[!3]

2.2 Patients with Diabetes

The increased frequency of UTIs in patients
with diabetes is most likely because of several fac-
tors (table I). Suggested host-related mechanisms
are: (i) the presence of glycosuria; (ii) defects in
neutrophil function; and (iii) increased adherence
to uroepithelial cells. Our in vitro studies indeed
showed that glycosuria enhances the growth of dif-
ferent E. coli strains;!'® however, this was not con-
firmed by in vivo studies, which failed to show a
higher prevalence of bacteriuria among patients
with diabetes than in patients without glycos-
uria.[817]

The data on impaired neutrophil function are
contradictory.[?2231 Moreover, the incidence of
UTIs is not increased in other groups of patients
with neutrophil defects or neutropenia.l?! Local
cytokine secretion might be of importance.
Cytokines are small proteins which play an impor-
tant role in the regulation of host defences against
systemic and local bacterial infections.?5! There-
fore, we investigated urinary cytokine excretion in
patients with diabetes and found lower urinary
interleukin (IL)-8 and IL-6 concentrations (p = 0.1
and p < 0.001, respectively) in women with diabe-
tes than in nondiabetic controls. A lower urinary
leucocyte cell count correlated with lower urinary
IL-8 and IL-6 concentrations (p < 0.05).1'8 This
might contribute to the increased incidence of
UTIs in this patient group.

Most interestingly, we have found that the ad-
herence of type 1-fimbriated E. coli to uroepithel-
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Table I. Host factors associated with an increased risk for symp-
tomatic or asymptomatic urinary tract infections (UTls) in women
with diabetes mellitus

General
sexual intercoursel']
history of (recurrent) UTIs!®!

obstruction, urine stasis, reflux, instrumentation of urinary
tractl1%a

Associated with (complications of) diabetes
peripheral neuropathy!®!
macroalbuminurial®
longer duration of diabetes!®]
glycosuria (in vitro)[16!
decreased urinary cytokine secretion!'€]
increased adherence of Escherichia colito uroepithelial cells!'d]

Genetic factors?
secretor statusi?”
blood group!?®
history of UTIs in mother?"]

a Not studied specifically in patients with diabetes.

ial cells of women with diabetes is increased, com-
pared to the adherence to uroepithelial cell of
women without diabetes.!!9! Thus, it seems that
this increased adherence plays an important role in
the pathogenesis of UTIs in women with diabetes.

As part of the immune response, infection and
adherence of the bacteria to uroepithelial cells
stimulates cytokine and chemokine secretion, as
well as exfoliation of the superficial cells. It has
been thought for a long time that uropathogenic E.
coli are non-invasive pathogens. However, a re-
cent study in mice has shown that type-1 fimbri-
ated E. coli can not only lead to exfoliation, but can
also invade the uroepithelial cells, replicate and
form quiescent intracellular reservoirs which can
serve as a possible source for recurrent UTIs.[%0]
Because we found lower urinary cytokine levels in
women with diabetes,['3! we hypothesised that in
these patients bacteria might invade uroepithelial
cells more easily and, by an impaired inflamma-
tory response, evade the innate host defences.!!?]
This would explain why relapses of UTIs occur
often in these patients.?”) Future studies will have
to provide the evidence for this phenomenon.

Drugs 2002; 62 (13)
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2.3 Associated Risk Factors

Factors that have been proposed to constitute an
enhanced risk for UTIs in patients with diabetes
include age, metabolic control, duration of diabe-
tes, diabetic cystopathy, more frequent hospitalisa-
tion and instrumentation of the urinary tract, recur-
rent vaginitis and vascular complications.!10-28]
However, different studies show conflicting re-
sults. Moreover, most of them do not differentiate
between patients with type 1 (insulin-dependent)
and type 2 (non-insulin—dependent) diabetes.

We have determined the risk factors for the
prevalence of asymptomatic bacteriuria and the in-
cidence of symptomatic UTIs in a large cohort of
636 women with diabetes. We found that women
with type 1 diabetes with a longer duration of dia-
betes, or the presence of peripheral neuropathy and
macroalbuminuria, had an increased risk of asymp-
tomatic bacteriuria. In women with type 2 diabetes,
ahigher age, macroalbuminuria and a recent symp-
tomatic UTI predisposed for asymptomatic bac-
teriuria. There was no association between how
well the diabetes was controlled and the presence
of asymptomatic bacteriuria.l8! Equally to healthy
women, the most important risk factor for the de-
velopment of a symptomatic UTI for women with
type 1 diabetes was recent sexual intercourse. For
women with type 2 diabetes, the most important
risk factor for a symptomatic UTI was the presence
of asymptomatic bacteriuria.l'”-2%1 Thirty-four per-
cent of the women with type 2 diabetes and asymp-
tomatic bacteriuria developed a symptomatic UTI
compared with 19% of the women without asymp-
tomatic bacteriuria.3%

It has been suggested that diabetic cystopathy
and peripheral neuropathy are associated with the
pathogenesis of UTIs in patients with diabetes.[?]
However, others and we could not find a correla-
tion between the presence of peripheral neuropathy
and a bladder residue after micturition with the pre-
sence of asymptomatic bacteriuria.[®31-32]
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3. Bacteriology

The bacteria isolated from diabetic patients with
a UTI are similar to those found in nondiabetic
patients with a complicated UTLP3) As in uncom-
plicated UTIs, E. coli causes the majority of infec-
tions. However, other species are relatively more
frequently cultured in these patients. For example,
one study reported E. coli to be the causative uro-
pathogen in 47% of the UTIs in patients with dia-
betes patients and in 68% of the UTIs in patients
without diabetes.®* Non-E. coli uropathogens
found in patients with diabetes include Klebsiella
spp., Enterobacter spp., Proteus spp., Group B
streptococci and Enterococcus faecalis.”-12281 Some
authors found that patients with diabetes are more
likely to be infected with a resistant uropath-
ogen.[3*351 However, we could not confirm this
finding in our cohort of diabetic women with
asymptomatic bacteriuria (unpublished data).

4. Consequences of
Asymptomatic Bacteriuria

Recently, a large study among 796 sexually ac-
tive, nonpregnant women without diabetes (aged
18 to 40 years) identified asymptomatic bacteriuria
as a strong predictor of a subsequent symptomatic
UTL.3%] In other studies of nondiabetic patients, it
was suggested that asymptomatic bacteruria can
lead to recurrent UTIs, progressive renal impair-
ment, hypertension and an increased mortality, 137!
although most authors agree that asymptomatic
bacteriuria per se in a healthy individual causes no
harm.[38:3%91 However, despite the high prevalence
of asymptomatic bacteriuria among women with
diabetes, little is known about the consequences in
this specific population.!’-12]

In the study discussed in section 2.3, we have
shown that women with type 2 diabetes with
asymptomatic bacteriuria at baseline had an in-
creased risk of developing a UTI during the 18-
month follow-up compared with women with type
2 diabetes without asymptomatic bacteriuria at
baseline (17% without vs 27% with, p = 0.02). In
contrast, we did not find a difference in the inci-
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dence of a symptomatic UTI between women with
type 1 diabetes with and without asymptomatic
bacteriuria. However, a more interesting finding
was that women with type 1 diabetes and asymp-
tomatic bacteriuria had a tendency to a faster de-
cline in renal function than those without asymp-
tomatic bacteriuria (relative increase in creatinine
4.6 vs 1.5%, p=0.2).39 If longer follow-up
studies, as ongoing at the University Medical Cen-
tre Utrecht, show that asymptomatic bacteriuria
contributes to the development of diabetic ne-
phropathy, this would have important conse-
quences. Diabetes now accounts for 35% of all
new cases of end-stage renal disease in the US, and
persons with diabetes make up the fastest growing

group of renal dialysis and transplant recipi-
ents,[4041]

5. Clinical Presentation

UTIs in patients with diabetes can be either
asymptomatic or symptomatic. Asymptomatic
bacteriuria is defined as the presence of at least 103
colony forming units (cfu) of the same urinary tract
pathogen per millilitre in two consecutive clean-
voided midstream urine cultures. Several studies
have shown that the presence of asymptomatic
bacteriuria is a predictor of symptomatic infec-
tions in patients with as well as in patients without
diabetes.[17-36]

The presentation of a lower (symptomatic) UTI
can be accompanied by classical symptoms as dys-
uria, frequency, urgency, haematuria, and/or ab-
dominal discomfort. However, the same symptoms
may be produced by inflammation in the urethra or
by infective agents such as Chlamydia trachoma-
tis, herpes simplex or by a vaginitis (e.g. Candida
albicans infection), which also occur frequently in
women with diabetes. Therefore a urine specimen
should be checked for leukocyturia (the presence,
in uncentrifuged urine, of =5 leucocytes/high power
field or 10 leucocytes/mm?) and bacteriuria.

Upper tract involvement is common in patients
with diabetes.*?] Acute pyelonephritis is a clini-
cal syndrome characterised by fever and chills,
flank pain, costovertebral angle tenderness and
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other general symptoms, such as nausea and vom-
iting. There may or may not be symptoms of lower
UT]I, such as dysuria. However, some patients only
present with symptoms of a lower UTI but never-
theless have upper tract involvement (subclinical
pyelonephritis).H]

Bilateral involvement is more common in pa-
tients with diabetes.[*3] Infection leads to bacter-
aemia relatively often in these patients.

There are exceptional cases of renal abscesses,
papillary necrosis and emphysematous pyelone-
phritis.['244] Renal abscess formation should be
suspected in patients who do not respond to anti-
bacterial therapy after 72 hours. Therefore, if
symptoms do not resolve within this time period,
ultrasonography or computed tomography (CT)
scanning of the kidneys should be performed.!0]
Papillary necrosis is also a complication of UTI in
patients with diabetes, which is important to rec-
ognise. Symptoms consist of flank pain, chills, fe-
ver and renal insufficiency develops in 15% of pa-
tients. Therefore the diagnosis should be suspected
in patients responding poorly to antibacterial ther-
apy. Emphysematous pyelonephritis is a necrotis-
ing infection characterised by gas production
within the renal parenchyma. The disease is seen
almost exclusively in patients with diabetes. Gram-
negative bacteria are the most common isolates but
multiple organisms occur. Clinical features in-
clude fever, flank pain and a palpable mass in 45%
of the patients. Bacteraemia is a frequent compli-
cation of emphysematous pyelonephritis. Diagno-
sis is made radiographically, starting with a plain
abdominal film of the kidney, ureter and bladder
which detects renal emphysema in 85%. Ultra-
sound can be useful, especially in diagnosing ob-
structive complications. However, CT-scanning
(without contrast) is the study of choice because of
its high sensitivity, and because it precisely defines
the localisation and extension of the gas formation,
which is important in determining the optimal ther-
apeutic strategy./1%
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6. Treatment

Despite the high prevalence of the disease, clin-
ical trials specifically dealing with the treatment of
UTIs in patients with diabetes are rare. No ran-
domised trials are available comparing the optimal
duration and the choice of the treatment. There-
fore, most recommendations for treatment of UTIs
in patients with diabetes are based on expert opin-
ions more than on scientific evidence.

There is debate about whether all UTIs in pa-
tients with diabetes should be considered and sub-
sequently treated as complicated infections. Do the
vast majority of UTIs in patients with diabetes
need to be labelled ‘complicated’ with the resulting
more aggressive management? Why not be more
conservative, get the data from prospective studies
and not create ‘disease’ when there is none in many
patients? Some authors indeed state that the term
‘complicated’ should be reserved for (diabetic) pa-
tients with therapy failure (persistent or recurrent
infection) or with the presence of other conditions
which in itself would lead to categorisation as
‘complicated UTI’ (e.g. abnormalities of urinary
tract, impaired renal function).[*346] However, oth-
erst3347 state that all UTIs in patients with diabetes
should be treated as complicated infections, in or-
der to avoid the development of possible danger-
ous complications.

6.1 Antibacterial Treatment

Few clinical trials have dealt with the outcome
of treatment of asymptomatic bacteriuria in pa-
tients with diabetes.[”#?1 The authors of these stud-
ies conclude that: (i) 2 weeks of treatment is as
effective as 6 weeks treatment; (ii) the recurrence
rate is high, even after prolonged antibacterial
treatment; and (iii) recurrences (4 to 8§ weeks post-
therapy) are mostly reinfections and not relapses
with the same microorganism (which occur ear-
lier). In addition, physicians should be aware of the
high prevalence of underlying structural genitouri-
nary abnormalities among bacteriuric women with
diabetes.[*?]

© Adis Infernational Limited. All rights reserved.

The need for screening for asymptomatic bac-
teriuria in (female) patients with diabetes, with the
intention to treat, depends on the question of
whether or not asymptomatic bacteriuria per se can
lead to serious complications as renal function de-
terioration.[*8] Since such evidence is not yet avail-
able, we and several other authors,?8 but not
all,l19-3%1 believe that a restrictive policy towards
the treatment of asymptomatic bacteriuria is justi-
fied. Especially since it is not known whether treat-
ment of asymptomatic bacteriuria in women with
diabetes leads to an improved outcome, 33 but also
because of the possible adverse effects of the anti-
bacterial therapy and the increasing antibacterial
resistance rate. However, physicians must be
aware of the potential of underlying pathology and
serious complications.[4249]

For uncomplicated acute bacterial cystitis (that s,
in otherwise healthy young women) the Infectious
Diseases Society of America (IDSA) recommends
a 3-day course of cotrimoxazole (trimethoprim/
sulfamethoxazole) as standard therapy. Alterna-
tively, trimethoprim alone or a fluoroquinolone,
for example ofloxacin, can be prescribed. Other
fluoroquinolones have similar effectiveness, but
considering the higher costs and the increasing
problem of resistant micro-organisms, these
should only be used as an alternative in communi-
ties with high rates of resistance to cotrimox-
azole.l’) However, the IDSA guidelines do not in-
clude complicated infections.

Few therapeutic trials have specifically been
performed among patients with diabetes. Because
of the frequent (asymptomatic) upper tract in-
volvement and the possible serious complications,
many experts recommend a 7- to 14-day oral anti-
bacterial regimen for bacterial cystitis in patients
with diabetes, instead of the recommended 3-day
course for uncomplicated cystitis.[!02%311 [n a re-
cent double-blind study, the efficacy in the treat-
ment of complicated urinary lower UTIs of a 5-day
course of ofloxacin was compared to a 10-day reg-
imen. 416 women were studied of whom an un-
known percentage had diabetes. The authors con-
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cluded that both regimens were equally effec-
tive.152!

Although some authors state that in patients
with diabetes the choice of agent does not differ
from the treatment in otherwise healthy pa-
tients,3340] most authors prefer antibacterial
agents which achieve high concentrations not only
in the urine but also in the urinary tract tissues, for
example, fluoroquinolones, cotrimoxazole and
amoxicillin/clavulanic acid.[?®->3] This may espe-
cially hold true given the recent data indicating
invasion of E. coli into the bladder cells.[?9] A re-
cent randomised, double-blind study including 85
(20%) women with diabetes has shown that a 7-day
regimen with ciprofloxacin or with ofloxacin both
result in a cure rate of 97% 5 to 9 days after treat-
ment of a complicated lower UTL4! In general,
nephrotoxic antibacterial agents should be avoided
whenever possible. As stated earlier in this section,
evidence for either optimal duration of therapy or
choice of antibacterial agent is lacking. Notewor-
thy is the possible hypoglycaemic effect of cotri-
moxazole, which has been observed using (larger
doses of) this agent.[31:33]

In all diabetic patients with suspected pyelone-
phritis, a culture of urine before starting therapy is
indicated as well as blood cultures if the patient is
severely ill.1% The treatment of uncomplicated
pyelonephritis does not differ for patients with or
without diabetes. For treatment of mild acute pye-
lonephritis the IDSA recommends an oral fluoro-
quinolone, possibly after an initial single paren-
teral dose of an antibacterial. Patients with diabetes
are usually treated within the hospital, with a par-
enteral fluoroquinolone or a cephalosporin as ini-
tial therapy. In communities with a resistance rate
of <15% of E. coli to cotrimoxazole, this agent is
considered a suitable alternative. If symptoms
have resolved after 48 to 72 hours, oral therapy
may be started. These recommendations rely on
clinical practice, since all randomised studies com-
paring oral with intravenous therapy have ex-
cluded patients with underlying systemic illnesses,
such as diabetes. The current standard duration of
therapy for uncomplicated pyelonephritis in both
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diabetic as in nondiabetic patients is 14
days.[2950-53:551 In a recent randomised trial a 7-day
oral ciprofloxacin regimen was more effective
than a 14-day cotrimoxazole regimen for the treat-
ment of uncomplicated pyelonephritis, as indi-
cated by greater bacteriological and clinical cure
rates.[5%] This was probably the result of a high
resistance rate (18%) to cotrimoxazole in this
study. However, this study does indicate that in
uncomplicated pyelonephritis a treatment duration
of 7-days is enough. Although highly interesting,
comparable studies will have to be performed spe-
cifically enrolling patients with diabetes, before
such a regimen can be advised in these patients.

In patients with diabetes, a follow-up urine cul-
ture (2 to 4 weeks post-therapy) is considered use-
ful to detect early relapses and because of the
higher rates of treatment failure.[33! It is clear from
the discussion in this section that clinical trials spe-
cifically dealing with the treatment of UTISs in pa-
tients with diabetes, comparing the optimal dura-
tion and the choice of the therapy, are needed.

The traditional treatment of emphysematous
pyelonephritis is nephrectomy of the affected kid-
ney. Surgery has been reported to lower the mor-
tality from 80% in patients treated with antibacte-
rial treatment alone, to 20%.['7 Although an
increasing number of cases are being reported of
successful conservative management, antibacte-
rial therapy combined with percutaneous drain-
age,’”1no consensus exists as to whether this strat-
egy should replace (or proceed) the standard
nephrectomy.

6.2 Non-Antibacterial Treatments and
Preventive Strategies

The worldwide increasing problem of resistant
uropathogens!®8! calls for additional non-antibac-
terial strategies, both for the treatment and for the
prevention of UTIs (table II). General advice in-
cludes sufficient fluid intake, complete emptying
of the bladder during voiding, decreasing the use
of spermacides and restrictive catheter use.

An interesting possible preventive or treatment
option is ingestion of cranberry juice. At first, the
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Table Il. Non-antibacterial treatments and strategies that possibly
reduce the incidence of urinary tract infections®

General preventive strategies!®®
sufficient fluid intake
complete emptying of bladder during voiding
decrease use of spermicides
restrictive catheter use®”!
Cranberry juice (oral)(®"!
Lactobacilli (oral or vaginal)'62]
Estrogen supplementation in postmenopausal women (oral or
vaginal)(6%-65]
Vaccines
Urovac/66!
FimH-adhesin-based (under development)[67:68]

a The strategies mentioned have been studied in patients without
diabetes.

beneficial effect of cranberry juice was thought to
be the result of acidification of the urine. More
recently, in vitro studies have identified the inhibi-
tion of bacterial adherence to the uroepithelial cells
as the most plausible mechanism of action.[] An-
other possible preventive strategy is the oral or
vaginal administration of lactobacilli. Lactobacilli
are part of the commensal vaginal flora and are
thought to protect against UTIs by competitive ex-
clusion of uropathogens.[’% In a recent randomised
trial, regular drinking of cranberry juice but not of
lactobacillus GG drink reduced the recurrence of
UTIs in women with E. coli infection.[6!]

In addition, several investigators have studied
the influence of estrogen administration. Estrogen
deficiency in postmenopausal women has been im-
plicated in the pathogenesis of recurrent UTI, ap-
parently as aresult of an increase in vaginal pH and
the subsequent reduction in the number of lactoba-
cilli.l®4l Several randomised trials of estrogen ad-
ministration have been performed, most including
only small numbers of patients and with conflict-
ing results. In arecent review, the authors conclude
that estrogen administration is of benefit in de-
creasing the recurrence rate of UTIs in post-
menopausal women, especially if administered
vaginally.!%3] A randomised, blinded study among
2763 postmenopausal women who participated in
a study on coronary heart disease, reported no re-
duction of the frequency of UTIs in patients with
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oral hormone therapy (estrogen plus medroxypro-
gesterone) compared with women who received a
placebo.[65]

All strategies mentioned in this section have
been studied in patients without diabetes but we
think that the results will be comparable in patients
with diabetes.

Since the adherence of E. coli to the uroepithel-
ial cell is an essential step in the pathogenesis of
UTIs, prevention of this would theoretically lead
to a decreased incidence of UTIs. Therefore, the
current development of a vaccine, based on the
FimH adhesin of type 1 fimbriae of E. coli is very
promising. In vitro and animal studies have shown
that this vaccine can prevent adherence of E. coli
to uroepithelial cells and decrease incidence of
UTIs in vaccinated monkeys.[%7-711 We have dem-
onstrated that addition of vaccine-induced antise-
rum to uroepithelial cells isolated from women
with diabetes also decreases the adherence of type-
1 fimbriated E. coli to diabetic uroepithelial
cells.[98] At this moment, clinical studies with this
vaccine in patients without diabetes are ongoing.
In addition, another vaccine is currently being
studied in women with recurrent UTIs. This vac-
cine is based on immunisation by vaginal suppos-
itories containing heat-killed uropathogenic bac-
teria from ten different isolates.[%! If proven
effective, these vaccines would be a welcome sup-
plement of our therapeutic armamentarium.

In the last years, more research has been done
in the area of prevention of post-operative infec-
tions in patients with diabetes. Although non-
randomised, these studies confirm the hypothesis
that hyperglycaemia is associated with an in-
creased risk of post-operative infection. The au-
thors recommend optimal peri-operative glycae-
mic control (glucose levels <200 mg/dl).[46-72]

7. Future Issues

Longer follow-up studies among patients with
diabetes (as ongoing in our centre) analysing the
effects of asymptomatic bacteriuria on renal func-
tion should answer the question whether women
with diabetes should be kept non-bacteriuric. Fur-
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thermore, randomised therapeutic trials specific-
ally enrolling patients with diabetes will have to
define the best therapeutic management, focussing
on type of antibacterial agent and optimal treat-
ment duration. New developments on non-antibac-
terial approaches, especially the current developed
vaccine, must show their value in preventing UTIs
in diabetic patients.
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