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Abstract
Lower urinary tract symptoms form a significant burden for many patients. A key step in management of such patients includes the exclusion
of urinary tract infection. In patients with classic symptoms of acute infection including frequency and dysuria history alone is sufficient. However
in patients with non-dysuric lower urinary tract symptoms, we rely on commonly used investigations to exclude infection. These tests include the
midstream urine culture, microscopy of urinary and urinary dipstick tests. Our understanding of urinary infection has advanced, however the tests
we use in clinically practice do not exclude urinary tract infection. This review explores the role and inadequacies in the current tests used to exclude
urinary infection in patients that present with urinary infection.

Abbreviations: LUTS: Lower Urinary Tract Symptoms; UTI: Urinary Tract Infection; PPV: Positive Predictive Value; NPV: Negative Predictive Valve; CSU
: Catheter Specimen of Urine

Review
In patients who present with lower urinary tract symptoms
(LUTS) it is important to exclude the presence of bacterial infection
which may be responsible for the presenting symptoms. In patients
presenting with acute frequency and dysuria, diagnosis is based on
history alone. However, in patients presenting without dysuria we
rely on investigations to help exclude urinary tract infection (UTI).
Internationally and in the UK these include the quantitative cleancatch midstream urine culture, which is used as the gold standard for
diagnosis, as recommended by NICE (2015) in the UK. In addition,
as recommended by NICE and the International Continence Society
(ICS) (2002, 2010) microscopy of urine, bedside testing with
urine dipsticks to test for leucocyte esterase and nitrites as well as
microbiological culture of urine, is used to test for infection.

Published guidelines across Europe, USA and the UK reveal
significant discrepancies in the choice of a quantitative threshold
used to define significant bacteriuria. The clean-catch, midstream
urine (MSU) sample culture in the UK and Europe commonly uses
the Kass (1957) criterion of 105 colony forming units (cfu) ml-1 of a
single species of a known urinary pathogen [1,2]. Kass drew these
data from 74 women with acute pyelonephritis and 337 normal
controls, a select sample unrepresentative of wider lower urinary
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tract symptoms (LUTS). Despite its limitations, this criterion has
become a ubiquitous reference standard and has been challenged
by several groups [3,4]. The Associate of Urology (EUA) guidelines
for urological infections emphasize that no single threshold can
be applied in all clinical situations. The dipstick testing has been
validated against the Kass criteria. It is now well documented in the
literature that the urinary dipstick tests used for beside testing for
nitrite and leucocyte esterase are unreliable [5-8].

The quantitative microbiological bacterial culture remains
the reference gold standard in diagnosis of significant bacteria.
Currently in the UK the proposed threshold that discriminates
normal from pathology is 105 cfu ml-1. This threshold is based on
the original work by Kass with a positive culture being defined as
greater than 105 cfu ml-1 of a single known urinary pathogen was
significant of urinary tract infection in this group of patients. This
continues to be used as the threshold that discriminates between
normal and ‘urinary tract infection’ in patients who present with
lower urinary tract symptoms, in many centres internationally.
There has since been other work in patients presenting with classic
symptoms of acute cystitis with sudden onset of pain, frequency
and urgency. It was found that a threshold of 105 cfu ml-1 missed
nearly 50% of genuine coliform infections. It was proposed that
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in patients with symptoms of acute cystitis, bacterial growth of
greater than 102 cfu ml-1 of a known urinary pathogen was a more
appropriate threshold in this group of patients [3,9]. Unfortunately
however much of this work has been overlooked and in patients
who present with LUTS, many laboratories still define a positive
culture as growth of more than 105 cfu ml-1 of a known urinary
pathogen.

In clinical medicine, to aid diagnosis we frequently use absolute
terms to describe the existence or absence of disease. However
nature and biology do not allow such distinct entities and commonly
disease manifests across a spectrum [10]. In patients describing
symptoms of acute frequency and dysuria the diagnosis of UTI is
not challenging and should be based on history alone. However in
patients presenting with non-dysuric symptoms we still rely on the
use of current investigations to help exclude urinary infection. It is
now widely appreciated that in patients with lower urinary tract
symptoms, a midstream urine sample that is reported as negative
based on the 105 cfu μl-1 threshold does not exclude significant UTI
[3,8,11-14]. It is also important to consider that nature works does
not present with categories but to consider a continuum.

The work by Kass also only addressed pathogenic coliform
organisms, and mixed growth was thought to be likely due to
contamination and was dismissed. There is now evidence to
support polymicrobial infection in human disease, with work
exploring this in the bladder [4]. The culture methods used today
also assume dominant pathogenicity from the Enterobacteriaceae
species, notably E coli. Because of this assumption, the MSU culture
is performed on a selective medium (selective chromogenic
medium) for Enterobacteriaceae under aerobic conditions. This
does not allow for the growth of anaerobic bacteria and other
pathogens, which do not grow well under such culture conditions.
Whilst this might be appropriate for diagnosing acute infection,
there is no evidence that the same bacteria are implicated in chronic
infections or patients presenting with non-dysuric lower urinary
tract symptoms such as in the overactive bladder. It is therefore not
appropriate to use the current MSU culture for such patients and
this is an avenue that warrants further explorations.
Microscopy of urine for the detection of urinary leucocytes
is widely used as a surrogate marker of urinary infection. Due to
the time, cost and effort of MSU cultures, in some laboratories,
microscopy of pyuria acts as a screening tool where only those
samples with significant microscopic pyuria are then sent for
culture. This technique stems from Dukes work in 1927 which
predates Kass’ work. His work reviewed midstream urine samples
from 300 asymptomatic volunteers and found a mean leucocyte
counts of 1.6wbc μl-1 in males and 5.4wbc μl-1 in females with a
range of 0-50wbc μl-1 [15].
From this, he proposed an arbitrary cut off of <10wbc μl-1
as the limit for normal pyuria. As a consequence we now use a
microscopic pyuria ≥10wbc μl-1 to suggest urinary infection. The
work by Dukes is open to similar criticism to Kass’ work of spectrum
bias. Here a healthy population has been used to define disease in
a symptomatic population. In addition the data from Dukes work
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shows a wide range of pyuria and hence the data would be skewed
and not normally distributed. Therefore use of the median would
have been a more appropriate measure of central tendency and
had that occurred, zero pyuria would have been promoted as the
normal state. The samples collected in Dukes’ work were also
voided samples and without careful sampling may be subject to
contamination. Studies comparing catheter sampling do not report
any differences in leucocyte excretion between the sexes.
Microscopic pyuria is commonly used to exclude infection and
many studies have reviewed its performance against quantitative
bacterial culture. Some studies have however found that those with
symptoms of acute UTI were culture negative, against a threshold
of ≥105 cfu ml-1 as diagnostic of infection, nearly half demonstrated
leucocyte excretion of ≥10 wbc μl-1 [16,17]. These data support
pyuria excretion ≤10wbc μl-1 as a common finding amongst women
with acute cystitis symptoms, and questions the microbiological
definition of UTI, long before Kass’ work was re-evaluated. This
history illustrates the error of propositions being accepted as
explanatory in the absence of empirical support.

There are limited data evaluating the role of microscopic pyuria
as a surrogate marker of infection in patients with non-acute
symptoms. In patients with painless LUTS microscopic pyuria has
been reported to have a sensitivity of 56% (95% CI 46-60%) and
specificity of 72% (95% CI 67-76%) for midstream urine (MSU)
cultures at ≥105 cfu ml-1, and 66% (95% CI 54-77%) and 73%
(95% CI 69-78%) respectively for catheter specimen of urine (CSU)
culture at ≥105 cfu ml-1 [18]. In patients presenting with non-acute
symptoms Kupelian et al. [19] found the positive predictive value
(PPV) and negative predictive valve (NPV) of pyuria as a surrogate
marker of UTI to be 0.40 (CI 0.37-0.43) and 0.75 (CI 0.73-0.76)
respectively. They found that 40% of the inflammatory signal was
lost by 4 hours after sample collection which is a common delay
between patients providing samples and time taken to arrive at
laboratories for analysis [19]. Given that microscopy of urine is
performed by laboratories so that only those with ≥10wbc μl-1
require culture samples may be wrongly dismissed as negative for
infection.

Urinary dipsticks are commonly used in both primary and
secondary care as a bed side test and in point of care testing when
excluding urinary infection. They were introduced as part of ‘point
of care testing’ to aid in diagnosis of UTI and reduce the need for
urine microscopy and urine culture and allow for earlier treatment.
Modern reagent strips are able to provide information on a variety
of physical and biochemical variables. The principle measure of UTI
includes the presence of leucocyte esterase and nitrites. Leucocyte
esterase is a potential measure of pyuria and the Nitrite test uses
the Greiss reaction to detect a nitrate reduction product of some
uropathogenic bacteria [20]. The International Consultation on
Incontinence guidelines on LUTS strongly recommends the need
to exclude UTI and recommends dipstick testing as a screening
method [21]. NICE also recommends the use of urinary dipstick
for screening patients with lower urinary tract symptoms [22].
However, there are no published data to support dipstick as a valid
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screening tool for patients with non-acute, non-dysuric symptoms.
On reviewing the literature there is considerable evidence to
question the accuracy of urinary dipsticks [5,6,23,24]. The
sensitivity of leucocyte esterase has been suggested to be around
60% and specificity of around 70%. The sensitivity of nitrite is
approximately 18%-50%, with reported specificities of 90% [5,24].
However this is using a gold standard as an MSCU culture with a
positive threshold as ≥105 cfu ml-1.
In assessing anyone who presents with LUTS a mandatory
step is the exclusion of UTI, but given the deficiencies in the tests
diagnosis may be flawed. We must therefore be aware of this and
take into consideration the potential for infection. This warrants
further research into how we identify and exclude infection, as
well as re-evaluates the pathophysiology of common urological and
urogynaecological conditions.
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