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ELEVENSUMMARY

Bacteriuria, the presence of bacteria in urine, is common and can be divided into asymp-
tomatic bacteriuria (ASB) and bacteriuria with symptoms, which is called urinary tract 
infection (UTI). Typical UTI symptoms are dysuria, urgency and frequency. ASB is defined 
as significant bacteriuria (≥105 colony forming units (cfu)/mL) without the presence UTI 
related complaints. 

Both ASB and UTI are frequently diagnosed in clinical practice and may have conse-
quences particularly in women with diabetes mellitus (DM) and pregnant women, as 
for example the development of pyelonephritis and preterm birth. In spite of this, es-
sential evidence for pivotal decisions in (Dutch) clinical guidelines on diagnosis and ma-
nagement of ASB and UTI in these two groups is missing.  In this thesis several studies 
are presented to fill some of these existing knowledge gaps focused on three patient 
groups: women with DM, pregnant women and pregnant women with DM. 

Chapter 2 provides an overview of studies published in 2012 and 2013 on epidemio-
logy, risk factors, complications and treatment of UTI and ASB in two special patient 
groups: women with DM and pregnant women. Most published papers confirmed exis-
ting knowledge on ASB and UTI in these special patient groups. Emerging topics were 
adverse effects of treatment of DM and bacteriuria itself and the association between 
ASB including group B Streptococcus (GBS) bacteriuria in pregnant women and adverse 
pregnancy outcomes. 

To start with women with DM: the newly developed type 2 DM agents, sodium-glucose 
cotransporter-2 (SGLT2) inhibitors, were found to be associated with a small increased 
risk for UTI due to increased glycosuria. Moreover, this review highlighted that evidence 
regarding optimal treatment of UTI in diabetic patients is still lacking. 

Concerning pregnant women: antibiotic treatment of ASB or UTI during pregnancy was 
related to short-term and possibly even long-term consequences in the neonate such as 
epilepsy and antibiotic resistance. In light of the possible adverse effects of antibiotics, 
more studies exploring the possibilities for non-antibiotic interventions to prevent or 
treat ASB and UTI are needed. 

Another topic was GBS bacteriuria, which can be considered a sign of heavy vaginal 
colonization and is more often associated with adverse pregnancy complications such 
as chorioamnionitis. However, the treatment implications of GBS bacteriuria for clinical 
practice are not clear. 

Finally this review emphasizes that up-to-date studies investigating whether screening 
and treatment of ASB  (including GBS bacteriuria during pregnancy) are still necessary 
to inform guidelines, especially since antibiotic treatment may be associated with long-
term consequences.
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Women with diabetes mellitus

Diabetes, a highly prevalent endocrine disease, is considered a risk factor for UTI. Cur-
rently, there are no controlled clinical trials investigating the optimal antimicrobial tre-
atment strategy for UTI in women with DM and recommendations are based mainly on 
the opinion of experts. 

Chapter 3 and 4 present the results of analysis of a large Dutch registration database 
containing pharmacy-dispensing data of 10,366 women with and 200,258 women 
without DM. This database was used to compare current treatment strategies for UTIs 
with respect to recurrence rates in women with compared to those without DM. A UTI 
was defined as a first course of trimethoprim, nitrofurantoin, fosfomycin, or norfloxacin 
and a recurrence was defined as a second prescription for one of the above-mentioned 
agents or a first prescription with amoxicillin (clavulanic acid), fluoroquinolones, or tri-
methoprim/sulfamethoxazole between 6 and 30 days after initial treatment.   

These two studies showed that both premenopausal (aged ≤55 years) and postmenon-
pausal women with DM compared with those without DM more often receive treat-
ment for a longer duration (5 days or more) (premenopausal 26.5% vs. 19.2%; post-
menopausal 32.8% vs. 28.8%) but still had a higher recurrence rate (Premenopausal 
16.1% vs. 12.2%; postmenopausal 19.1% vs. 16.4%).

Furthermore postmenopausal women with DM had more UTI recurrences (second pres-
cription) when they were treated with nitrofurantoin (22.7%) compared to trimetho-
prim (17.7%) or norfloxacin (14.2%) irrespective of the treatment duration. Finally there 
was a trend that longer treatment duration was associated with higher recurrence rates. 

In conclusion, despite the fact that patients with DM more often received longer initial 
treatment than patients without DM, both pre- and postmenopausal women with DM 
more often had recurrences of their UTIs. Moreover postmenopausal women with DM 
had more UTI recurrences when they were treated with nitrofurantoin, agent of first 
choice, compared to trimethoprim or norfloxacin. Even though these data provide more 
insight in current treatment strategies prescribed for UTI in women with DM, rando-
mised controlled trials comparing different strategies are warranted to elucidate the 
optimal treatment strategy for UTI in pre- and postmenopausal women with DM. 

Pregnant women

It is essential to adequately diagnose ASB in pregnant women, because of the possible 
complications for both the mother and her newborn.  The main study objective of 
the cross-sectional study described in Chapter 5 was to estimate and compare con-
tamination rates of three different urine-sampling methods in pregnant women to as-
sess bacteriuria. Urine is supposed to be sterile but may become contaminated during 
micturition with flora and epithelial cells from both the vagina and urethra. Contami-
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nation of a urine sample can contribute to under- or overdiagnosis of bacteriuria. Col-
lection of uncontaminated voided urine samples is difficult and sometimes not feasible 
in pregnant women because of practical factors like weight gain and increased vaginal 
discharge. 

The question remained whether the more laborious urine-sampling including morning 
(first void) and clean-catch sample (voiding after cleaning) outweigh the extra effort 
compared to a midstream (voiding without further instructions) sample. 

The following end points were considered contaminants: epithelial cells, Gram-positive 
rods or mixed bacteria in the Gram stain, and mixed growth or skin flora in the urine 
culture. The three different samples collected by 113 pregnant women within 24 hours 
revealed that low numbers of Gram-positive rods were more likely present in Gram 
stains of midstream samples compared with clean-catch samples (77.7% vs. 66.7%) 
and that morning samples showed more mixed growth compared with midstream sam-
ples (6.2% vs. 0.9%). All other endpoints were the same after the different collection 
methods.  Only a slight agreement or consistency between samples of the same preg-
nant woman was found. 

The presence of skin flora was high (>80%) in all three samples, meaning that most 
samples could be considered contaminated. However when distinguishing between 
relevant and irrelevant contamination we argued that only in 4% a second sample was 
warranted because the first sample was not interpretable due to contamination. 

The findings that in pregnant women the contamination rate of midstream samples 
is comparable with the contamination rates of morning and clean-catch samples and 
that the quantity of contaminants varied among the three samples collected by one 
woman emphasize that more complex, unpractical, and time-consuming morning and 
clean-catch samples are not superior. Therefore, we recommend a midstream sample to 
assess bacteriuria in pregnant women.

In Chapter 6, the literature was systematically reviewed for trials of any intervention 
for preventing recurrent UTI (RUTI) in pregnant women. Interventions to prevent RUTI 
can be pharmacological such as antibiotics or non pharmacological such as cranberry 
products, acupuncture, probiotics or behavioural modifications. 

Only one trial was identified involving 200 pregnant women who received nitrofuran-
toin (antibiotics) and close surveillance (regular clinic visit, urine cultures and antibiotics 
when a positive culture was found) or close surveillance alone. Suppressive therapy with 
daily dose of nitrofurantoin and close surveillance was not shown to prevent more RUTI 
compared with close surveillance alone. 

A significant reduction of ASB was found in women (only reported in women with high 
clinic attendance rate) who received nitrofurantoin and close surveillance (relative risk 
(RR) 0.55, 95% confidence intervals (CI) 0.34 to 0.89; 102 women). And no symptoma-
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tic recurrences were seen in women with more than 90% clinic attendance rate. Due 
to lack of evidence no conclusions can be drawn. Future randomised controlled trials 
comparing different pharmacological and non-pharmacological interventions are ne-
cessary to assess the optimal intervention to prevent RUTI in women who are pregnant. 
Given the significant differences found in the group with a high clinical attendance, 
future trials should further assess the effect of close surveillance on preventing RUTI in 
pregnant women. 

Older studies dating back to the 60’s, 70’s and 80’s described associations between 
untreated ASB, symptomatic UTI including pyelonephritis and adverse pregnancy out-
comes such as preterm birth. As a result ASB screening and treatment (with antibiotics) 
programs were implemented as routine care. However the exact etiology of preterm 
birth including a causal relation with ASB is still poorly understood. 

Moreover, the knowledge on antenatal care has been further developed including in-
sight in long-term consequences of antibiotic use during pregnancy. Lacking good cli-
nical evidence for an ASB screen and treat program in pregnant women underscores 
the need for an appropriately designed clinical trial evaluating the costs and effects of 
a screen and treat program. 

Since Dutch national guidelines do not recommend screening and treatment of ASB 
in pregnant women, the Netherlands is one of the few countries in which this can be 
properly investigated.

Chapter 7 describes the protocol for the ASB screen and treat study.  For this national 
cohort study over 4.000 women will be screened for ASB with the dipslide technique 
between 16-22 weeks’ gestation and women with ASB will be randomised to either 
placebo or nitrofurantoin. Primary outcomes of this trial are pyelonephritis and/or pre-
term birth before 34 weeks. The trial will provide evidence for the benefit and cost-
effectiveness of screening for ASB in the second trimester in low risk women and the 
effectiveness of nitrofurantoin to prevent pyelonephritis and/or preterm birth.

Pregnant women with diabetes mellitus

DM and gestational diabetes mellitus (GDM) are considered to be important additional 
risk indicators for ASB and UTI during pregnancy. A remaining question for clinical 
guidelines is: do we have to screen all pregnant women for ASB during pregnancy or 
can we identify certain risk factors for ASB in pregnant women such as DM? Chapter 
8 and 9 describe two studies both investigating differences in prevalence of ASB and 
incidence of UTI, including causative organisms in pregnant women with and without 
DM or GDM to provide recommendations for ASB screening and treatment policies. 
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The first “PRegnancy, ASB and UTI” (PRABUTI) study is a retrospective study performed 
in Australia where an ASB screening and treatment policy is in place. For this study 
data of 214 pregnant women with and without DM were analysed. No differences in 
prevalence of ASB (5.6% and 3.7%; RR 1.50; 95% CI 0.44-5.17), incidence of clinical 
UTI (4.7% and 11.2%; RR 0.42; 95% CI 0.15-1.14) or culture-confirmed UTI (2.8% 
and 3.7% RR 0.75; 95% CI 0.17-3.27) between pregnant women with and without 
DM or GDM were demonstrated. No association was found between ASB and UTI and 
GBS was the most common causative organism of ASB in women with and without DM 
(66.7% and 50.0%). 

The second PRABUTI-study is a prospective study performed in the Netherlands. For 
this study 474 pregnant women with and without DM and GDM were screened for the 
presence of ASB around 12 and 32 weeks’ gestation. Also in this study the prevalence 
of ASB was comparable in women with and without DM or GDM around both week 12 
(n=322; 4.7% and 2.3%; RR 2.02; 95% CI 0.52-7.84) and 32 week (n=422; 3.2% and 
3.0%; RR 1.06; 95% CI 0.36-3.09), as was the incidence of UTI (16.8% and 12.9%; 
RR 1.31; 95% CI 0.85-2.02). Neither ASB nor UTI were associated with preterm birth or 
small for gestational age-babies. 

In both studies the overall prevalence of ASB was low in pregnant women with and 
without DM or GDM. Moreover, ASB and UTI did not differ significantly between the 
two groups.  These results provide essential background information for the discussion 
regarding ASB screening and treating policies for pregnant women currently in place 
in developed countries. The data presented do not support a routine screen and treat 
policy in pregnant women with DM or GDM.

Finally in Chapter 10 the results of all studies described in this thesis are interpreted to 
address the question “is screening for ASB during pregnancy to prevent pyelonephritis 
and/or preterm birth desirable?” using the Wilson and Jungner criteria. These criteria 
published in 1968 by the World Health Organisation are still often applied for decision-
making in screening programs. This discussion underscores that evidence for the ef-
fectiveness of ASB screening and treatment policy is limited and that still too many 
uncertainties exist to implement such a strategy. Key issues are that the natural course 
of ASB during pregnancy is unknown and diagnosing ASB is often disturbed by conta-
minated urine samples. This can possibly result in under- and over diagnosis, which can 
have important consequences since recent studies revealed that maternal antibiotics 
use during pregnancy may have adverse effects on the newborn.

179




