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ABSTRACT
Introduction  Symptoms of urinary tract infections in 
pregnant women are often less specific, in contrast to 
non-pregnant women where typical clinical symptoms 
of a urinary tract infection are sufficient to diagnose 
urinary tract infections. Moreover, symptoms of a urinary 
tract infection can mimic pregnancy-related symptoms, 
or symptoms of a threatened preterm birth, such as 
contractions. In order to diagnose or rule out a urinary tract 
infection, additional diagnostic testing is required.
The diagnostic accuracy of urine dipstick analysis and 
urine sediment in the diagnosis of urinary tract infections 
in pregnant women has not been ascertained nor 
validated.
Methods and analysis  In this single-centre prospective 
cohort study, pregnant women (≥16 years old) with a 
suspected urinary tract infection will be included. The 
women will be asked to complete a short questionnaire 
regarding complaints, risk factors for urinary tract 
infections and baseline characteristics. Their urine will 
be tested with a urine dipstick, urine sediment and urine 
culture. The different sensitivities and specificities per test 
will be assessed. Our aim is to evaluate and compare the 
diagnostic accuracy of urine dipstick analysis and urine 
sediment in comparison with urine culture (reference 
test) in pregnant women. In addition, we will compare 
these tests to a predefined ‘true urinary tract infection’, 
to distinguish between a urinary tract infection and 
asymptomatic bacteriuria.
Ethics and dissemination  Approval was requested from 
the Medical Ethics Review Committee of the Academic 
Medical Centre; an official approval of this study by the 
committee was not required. The outcomes of this study 
will be published in a peer-reviewed journal.

INTRODUCTION
The prevalence of urinary tract infections 
(UTIs) during pregnancy reported in liter-
ature varies between 2.3% and 15%.1–5 It is 
hypothesised that anatomical changes during 
pregnancy such as dilatation of the ureters, 
decreased ureteral tone and increased 
bladder volume contribute to urinary stasis 
and ureterovesical reflux increasing the risk 
of a UTI.6–8 Besides the anatomical changes, 
pregnancy-related glomerular filtration rate 
increases the alkalinity of the urine and the 

urinary glucose concentration, which facil-
itates bacterial growth.9 The association 
between UTIs during pregnancy and maternal 
complications such as hypertensive disorders 
and caesarean delivery has been reported, 
although there is contradictory evidence.4 6 10 
Moreover, UTIs during pregnancy have also 
been associated with neonatal complications 
such as preterm birth, low birth weight and 
perinatal death.2 4 10 In addition, an untreated 
UTI may lead to pyelonephritis, which further 
increases the risk of preterm birth.11 Preterm 
birth has major consequences at the indi-
vidual level as well as for society (costs).

In contrast, overtreating pregnant women 
with antibiotics may also cause harm. Overuse 
and incorrect use of antibiotics are the main 
causes of antimicrobial resistance. Moreover, 
the unnecessary exposure of the unborn 
child to antibiotics may also not be without 
risks. Associations between antibiotics during 
pregnancy and adverse neonatal outcomes 
including increased risk of cerebral palsy, 
early-onset sepsis with antibiotic-resistant 
microorganisms, malformations and epilepsy 
have been published.10 12 13 Also, maternal 
exposure to certain antibiotics is associ-
ated with childhood asthma and childhood 
obesity.14 15 It is recently found that prenatal 
exposure to antibiotics can probably lead to 
alterations in the differential methylation 
at regulatory regions of imprinted genes.16 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The urine of every participating woman will be test-
ed with a set of tests including a urine dipstick, urine 
sediment and a urine culture.

	⇒ We will investigate the course of complaints in preg-
nant women with a possible urinary tract infection to 
gain more insight in the diagnostic value.

	⇒ The research will be done prospectively; therefore, 
we expect less bias than in a retrospective cohort.

	⇒ It will be a single-centre cohort study, so it could 
possibly make the participants more homogeneous.
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If we can improve diagnostics and related antibiotic 
prescribing, we possibly can also influence fetal develop-
ment and possibly long-term health with the results of this 
study. All of them impact future healthcare costs. Next to 
that, if we could decrease the number of tests for an accu-
rate diagnosis, costs could be saved.

In the non-pregnant population, a diagnostic test to 
confirm the diagnosis of UTI is not always considered 
necessary, since typical clinical symptoms such as dysuria 
and urgency are regarded distinctive enough.7 17–20 In 
pregnancy, the diagnosis of a UTI is less well studied and 
more challenging. First of all, many women during preg-
nancy experience symptoms that mimic a UTI such as 
frequency as a result of pressure of the baby’s head on 
the bladder.8 21 On the other hand, symptoms of a UTI 
can be aspecific in pregnancy; UTIs in pregnant women 
may solely present with abdominal pain or Braxton Hicks 
contractions.9 21 All this makes it more difficult to distin-
guish between asymptomatic bacteriuria (ASB) and UTI. 
Furthermore, in pregnancy, ASB can also be present: 
bacteriuria without any UTI signs or symptoms. ASB is not 
an active infection and the risk of adverse outcomes like 
preterm birth is low or absent compared with UTIs.11 22

Most hospital protocols recommend testing pregnant 
women for a UTI when they present with symptoms 
suggestive of UTI or in case of symptoms suspicious of 
threatened preterm birth. In the diagnostic work-up, 
various methods are used: urine dipstick test, urine sedi-
ments and bacterial cultures, which are used in various 
ways and come with several limitations.

First, a urine dipstick is a strip with different reagents 
present. The reagents react on the presence of certain 
substances, for example, protein, glucose, nitrite and 
leucocyte esterase. The most important parameters to diag-
nose UTI on a dipstick are nitrite and leucocyte esterase. 
Many gram-negative bacteria produce the enzyme nitrate 
reductase, which converts urinary nitrate into nitrite indi-
cating the presence of bacteria.23 In the adult population, 
the sensitivity of nitrite dipstick reported in a systematic 
review is 0.54 (CI 0.44 to 0.64), the specificity is 0.98 (CI 
0.96 to 0.99), positive likelihood ratio of 29.3 (CI 14.4 
to 59.7) and a negative likelihood ratio of 0.48 (CI 0.37 
to 0.62). Eight out of 14 of the studies included in this 
review reported on pregnant women, but none of them 
reported on symptomatic women.24 Another study shows 
that the sensitivity and specificity of nitrite to test for ASB 
in pregnant women are, respectively, 0.55 (95% CI 0.42 to 
0.67) and 0.99 (95% CI 0.98 to 0.99).25

Leucocyte esterase is an enzyme released by neutrophils 
and macrophages. The leucocyte dipstick has a sensitivity 
of 0.72 (0.61 to 0.84) and a specificity of 0.82 (0.74 to 
0.90), and a positive likelihood ratio of 4.87 (3.26 to 7.29) 
and a negative likelihood ratio of 0.31 (0.18 to 0.51) in 
the adult population.24

Physiological pyuria can appear in pregnant women.26

Second, for urine sediments, urine samples are centri-
fuged to obtain a sediment including red and white blood 
cells, squamous cells and bacteria, which are counted 

automatically by microscopy.16 For a UTI, both the pres-
ence or absence of leucocytes and bacteria are of interest. 
A systematic review in the general population reported 
a sensitivity range of 57.1%–97%, a specificity of 27.0%–
97.0%, a positive likelihood ratio of 1.59–24.57 and a 
negative likelihood ratio of 0.07–0.655 in studies where 
they used the sediment.27 Yet again, physiological pyuria 
can appear in pregnant women.26 The advantage of the 
urine sediment over the urine dipstick is that the urine 
sediment counts all bacteria. The urine dipstick only 
indicates if there are nitrite-forming bacteria present. 
However, not all bacteria are uropathogenic.

Finally, the reference test to detect a UTI is a urine 
culture, which determines bacterial growth. However, the 
urine dipstick takes a few minutes, the urine sediment 
about an hour and the urine culture at least 24 hours up 
to 5 days.

The exact number of bacteria present in urine to define 
a ‘positive’ urine culture and a UTI is not clear cut. The 
most common definition is ≥105 colony-forming units 
(CFU)/mL of uropathogens.28 However, the cut-offs 
used in practice range from ≥103 CFU/mL to ≥105 CFU/
mL.18 29 30

The Dutch guideline of obstetrics and gynaecology 
recommends performing both a nitrite dipstick and a 
urine culture when pregnant women present with UTI 
symptoms. In case of a positive nitrite dipstick, treatment 
should start immediately. In case of a negative nitrite 
dipstick, treatment should only be started if the culture 
is positive. The role of the other diagnostic methods is 
unclear.9 The Dutch general practitioners’ guideline 
recommends performing a nitrite dipstick. In case of a 
positive nitrite dipstick, people will be treated for UTI. 
Leucocyte esterase test will be performed when the nitrite 
result is negative. Urine sediments are recommended 
if leucocyte esterase is present since a positive result of 
leucocyte esterase is considered as insufficient proof of a 
UTI. When either the nitrite or the sediment is positive, 
treatment should be started. When the leucocyte esterase 
dipstick is negative but there is still a suspicion for a UTI, 
a sediment is performed additionally. When both urine 
dipstick and sediment are negative, a UTI is ruled out. 
If either urine dipstick or sediment results are positive, a 
urine culture is performed while antibiotics are directly 
initiated, awaiting the urine culture results.31

Both in the UK and the USA, guidelines do not state 
the diagnostic work-up for UTIs in pregnancy (Royal 
College Obstetricians and Gynaecologist (RCOG) guide-
line, National Institue for Health and Care Excellence 
(NICE)guideline and American College of Obstetricians 
and Gynecologist (ACOG) guideline).

Despite the differences in guidelines, in daily practice, 
the urine is often only tested with a dipstick. In case of 
a negative test result, often no additional tests are done. 
The approach when to perform a sediment or a urine 
culture is equally ambiguous. There is no clear evidence 
that the diagnostic accuracy of a standalone dipstick urine 
(including both the presence of nitrite and leucocyte 
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esterase) is equal to a combined approach of urine 
dipstick and sediment to diagnose a UTI in pregnancy. 
Furthermore, pyuria can be present in pregnant women 
without a UTI.26 Moreover, the additional value of a urine 
culture in all women, as recommended by the Dutch 
guideline of obstetrics and gynaecology, is also unknown. 
For something as common as a UTI during pregnancy, it 
is undesirable that the available evidence is too limited 
to properly inform (diagnostic) guidelines, which results 
in great diagnostic variation, and potential harmful over-
treatment and undertreatment.

METHODS AND ANALYSIS
This study aims to evaluate the diagnostic accuracy of 
urine dipstick analysis and urine sediment to bacterial 
cultures in the diagnosis of UTI in pregnant women.

Study design
This study is a single-centre prospective cohort study.

Participants
All consecutive pregnant women attending the outpatient 
clinic, the pregnancy ward or emergency department for 
women’s health in the Amsterdam UMC with symptoms 
warranting a diagnostic work-up to rule out a UTI can be 
included, after oral and written consent. These symptoms 
include dysuria, urgency, frequency, fluid loss, difficul-
ties with voiding, painful voiding, haematuria, or aspe-
cific abdominal pain, (Braxton Hicks) contractions and 
vaginal blood loss.7 9

Exclusion criteria are a previous UTI episode in the 
past 2 weeks, antibiotic use in the past 2 weeks or a struc-
tural abnormality of the urogenital tract.

Inclusion of women in the study takes place since 1 
November 2021. We plan to include all women in the 
study in 3 years.

Test methods
The urine samples will be clean-catch midstream urine 
samples. The index test will be a urine dipstick and a 
urine sediment. The dipstick that we will use is Clinitek 
novus 10 (Siemens). The urine sediment will be checked 
with Atellica 1500 Siemens. For both the urine dipstick 
and the urine sediment, different cut-offs will be used 
to investigate which cut-off has the best diagnostic value 
(table 1).

The reference test will be a urine culture.
No blinding will take place for the different tests. The 

outcome of the test has no influence on the treatment 
and is necessary for daily practice.

Because of the difficulties to distinguish between ASB 
and UTI, we will use a different definition for UTI than 
commonly used. We would like to make sure that we are 
dealing with a UTI and not ASB.

In this study, a ‘true UTI’ is present when the following 
three criteria are met:
1.	 Presence of at least two specific or non-specific symp-

toms of a UTI.26

2.	 A positive urine culture.
3.	 Symptom improvement during adequate antibiotic 

treatment, where adequate treatment is defined by 
proven susceptibility of isolated uropathogens to the 
administered antibiotic.

The definition of a positive culture is:
1.	 Urine with ≥103 CFU/mL of a uropathogen.

Table 1  Expected outcomes

Test Determination
Cut-off 
point Sensitivity Specificity

Positive 
predictive 
value

Negative 
predictive 
value

Positive 
likelihood 
ratio

Negative 
likelihood 
ratio

Urine 
dipstick

Nitrite Positive
(> 105/mL)

Leucocyte 
esterase

1+

2+

3+

Urine 
sediment

Bacteria 1+

2+

Leucocytes <10/µL

>10/µL

>20/µL

>30/µL

>40/µL

>50/µL

>60/µL



4 Werter DE, et al. BMJ Open 2022;12:e063813. doi:10.1136/bmjopen-2022-063813

Open access�

2.	 Maximum of two uropathogens ≥103 CFU/mL present. 
When there are more than two uropathogens present 
of ≥103 CFU/mL, the culture will be considered as 
contaminated.

Next to that, the woman will be asked to fill out a ques-
tionnaire. The questionnaire contains questions about 
risk factors for UTI and possible clinical symptoms of a 
UTI. After 5–8 days, when the result of the culture will 
be available, the woman will be called to evaluate the 
presenting symptoms. This check-up is part of standard 
care. Both the woman and the clinician have access to the 
test result; it is not blinded. Women will be asked permis-
sion to collect data from the midwife, gynaecologist or 
general practitioner about their pregnancy and delivery.

Analysis
The statistical analysis will be performed using IBM SPSS 
Statistics V.26.

Primary outcome
We will determine which combination of leucocyte 
esterase, nitrite presence in the dipstick and bacteria pres-
ence and leucocyte count in the sediment yield the best 
performance of both methods separately and combined to 
predict a ‘true UTI’ according to our definition. Different 
cut-offs and combinations of cut-offs of the urine analysis 
components will be explored to calculate sensitivity, spec-
ificity, positive and negative predictive value, and positive 
and negative likelihood ratios (table 1). In addition, we 
aim to develop a diagnostic model based on all available 
evidence on leucocyte esterase, nitrite presence, bacteria 
presence, leucocyte count and symptoms.

After the best performing cut-offs for both urine 
dipstick and urine sediment have been determined, we 
will compare the performance of these two tests together 
in terms of sensitivity, specificity, positive and negative 
predictive value, and positive and negative likelihood 
ratios. Urine culture will be used as the reference test. 
The performance will be compared with the predefined 
‘true’ UTI. To do this, we first select all true positives and 
true negatives using the reference test. In addition, we 
compare the classifications of urine dipstick with urine 
sediment in a 2×2 table for true positives (sensitivity) and 
a 2×2 table for true negatives (specificity) and calculate a 
p value for the difference in classification using a paired 
McNemar test.

Planned sensitivity analyses will also be performed for 
different cut-off values for pathogens in urine cultures 
≥103 CFU/mL, ≥ 104 CFU/mL and ≥105 CFU/mL.

Contaminated urine cultures will be considered as 
negative cultures.

Secondary outcome
We will evaluate which clinical symptoms are best at 
predicting a UTI in pregnancy and which symptoms are 
not. The symptoms of a UTI will be studied with inci-
dences and p values to identify which symptoms are asso-
ciated with UTI.

To identify risk factors for UTI, univariate logistic 
regression will be used. In case it is possible, multivariate 
logistic regression will be used to identify the risk factors. 
We will use a forward stepwise selection for our regression 
model.

Pregnancy duration will be measured in weeks and days 
of gestational age and will be compared between women 
with and without UTI with a Student’s t-test.

The timing of the performed urine test (urine dipstick, 
urine sediment and urine culture) and the gestational 
age of delivery will be noted. Time between diagnosis of 
UTI and delivery will be compared using Kaplan-Meier 
survival curve.

Power analysis
To provide an estimated sample size, we calculated the 
sample sizes necessary for 80% power in a McNemar 
paired test comparing urine dipstick with urine sedi-
ment in women with true-positive UTI (sensitivity) and 
true-negative UTI (specificity). The expected discrepant 
cells for sensitivity are 14% and 5%, with a calculated 
181 true-positive cases necessary for 80% power. The 
expected discrepant cells for specificity are 10% and 4% 
with a calculated 302 true-negative cases necessary for 
80% power. We expect that around 30% of the included 
women will have a UTI such that the necessary sample 
size to include is 603 for sensitivity and 432 for specificity.

With a 10% expected drop-out, the sample size would 
be 660 pregnant women.

Data will be collected using Castor, which is an appli-
cation system that enables collection and clean-up of 
trial data using the internet. Data handling will be done 
coded. The data will be saved for 15 years.

Patient and public involvement
There was no patient or public involvement in this 
research.

Ethics and dissemination
Approval was requested from the Medical Ethics Review 
Committee of the Academic Medical Centre; an official 
approval of this study by the committee was not required 
(METC review number W21_291 #21.318). All partici-
pants will give written and oral informed consent prior to 
entry to the study and will be made aware that participa-
tion is strictly voluntary.

The outcomes of this study will be published in a peer-
reviewed journal.

DISCUSSION
The diagnostic accuracy of a urine dipstick and, less 
often, a urine sediment for the diagnosis of bacteriuria 
in pregnancy has been evaluated.23 32 However, no studies 
are available in pregnant women on the diagnostic accu-
racy of symptomatic UTIs. As a result, different guidelines 
in the Netherlands advise different ways of testing for 
UTIs in pregnant women. International guidelines lack 



5Werter DE, et al. BMJ Open 2022;12:e063813. doi:10.1136/bmjopen-2022-063813

Open access

any recommendations on specific urine tests. However, in 
pregnant women with a UTI, both undertreatment and 
overtreatment are potentially harmful; therefore, correct 
diagnosis is very important.

Bias
The focus of this study is the diagnostic work-up. We will 
not intervene in the treatment given or follow-up provided 
to the participating women. It is likely that certain types 
of bias will be introduced as a result of implementation of 
this study. Bias could be introduced because more diag-
nostics will be performed and all three urine test results 
will be reported to the treating clinician (not blinded). 
Since more result will be available, this could affect the 
prescription of antibiotics.

We do not expect a lot of women with partial verifi-
cation bias since the three different urine tests will be 
most of the time executed at the same time from the 
same urine sample. Because of this, we avoid that only 
the urine dipstick and/or sediment is performed and the 
urine culture is not executed.

The urine culture has been used, both in daily prac-
tice and in research, for a long time. There are no logical 
alternative reference standards. The urine culture has 
been proven to be effective. We do not expect an inap-
propriate reference standard.

Since the result of the urine culture is only available a 
few days after the results of the urine dipstick and sedi-
ment, we do not expect a review bias.

Clinical impact
Due to the different cut-offs to report uropathogens 
and their susceptibilities (103 instead of 104), the rate of 
prescribing antibiotics may increase too. However, the 
result of the culture will only come in after a few days, 
so the decision to start antibiotics has most likely already 
been made. With this study, we hope to provide either 
better evidence for the current advice in guidelines and/
or guide necessary adjustments.

CONCLUSION
To avoid unnecessary treatments, diagnostic tests and costs, 
and to minimise possible harmful neonatal outcomes, 
the diagnostic process of UTIs should be optimised. This 
new workflow should be implemented in the daily care 
to create a more evidence-based treatment strategy. Since 
the diagnostic work-up for UTIs takes place on a daily 
basis, the results of this research will have a major impact 
on daily routine care. To find an optimal strategy for diag-
nosing a UTI is only the start of tackling the challenges 
around the diagnosis of UTIs in pregnancy.
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