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Objectives: Our objective was to examine whether or not women with symptoms of a urinary tract
infection but with a negative culture (20%e30%) do have an infection.
Methods: We performed quantitative PCR (qPCR) for Escherichia coli and Staphylococcus saprophyticus, on
top of a standard culture, in urine samples from 220 women with dysuria and/or frequency and/or ur-
gency and from 86 women without symptoms. For symptomatic women, qPCR was also carried out for
four sexually transmitted agents.
Results: In the symptomatic group, 80.9% (178/220) of the urine cultures were positive for any uro-
pathogen and 95.9% (211/220) were E. coli qPCR-positive. For the control group, cultures for E. coli and
E. coli qPCR were positive in, respectively, 10.5% (9/86) and 11.6% (10/86). In the symptomatic group, qPCR
yielded 19 positive samples for S. saprophyticus qPCR, one positive sample for Mycoplasma genitalium and
one for Trichomonas vaginalis.
Conclusions: These findings suggest that almost all women with typical urinary complaints and a
negative culture still have an infection with E. coli. S. Heytens, Clin Microbiol Infect 2017;23:647
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Dysuria in women represents 2%e5% of the reasons for
encounter in general practice [1].

In female patients, 60%e80% of these dysuric episodes are
related to significant bacteriuria [2e4]. Diagnosis is generally based
on clinical signs and urine dipstick testing for leucocyte esterase
and nitrite. As typical urinary symptoms, e.g. dysuria, frequency
and urgency, are highly predictive of a urinary tract infection (UTI)
in female patients [5,6], therapy can be empirically started without
performing a culture in women with symptoms of an uncompli-
cated UTI [2,7e9]. However, 25%e30% of these symptomatic
womenwill have a negative urine culture, according to the bacterial
count threshold in a midstream urine sample that was used [2e4].
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In the 1980s, Stamm et al. questioned the threshold of 105 CFU/mL
[10], arguing that it was never meant for diagnosing uncomplicated
UTI and proposed cut-off rates as low as 102 CFU/mL for symp-
tomatic women [11]. Recently Hooton et al. confirmed that the
presence of low counts of Escherichia coli in midstream urine is
highly predictive for its presence in the bladder and is not caused by
contamination [12]. Although lowering the cut-off rate can explain
at least partially the problem of ‘negative culture’, results in
symptomatic women, applying a cut-off rate of 103 CFU/mL for
E. coli, according to the European Guidelines for Urinalysis, still
results in nearly 20% negative cultures [4,13]. This specific group of
patients was historically referred to as having the ‘urethral syn-
drome’, a condition that has been heavily debated since the 1960s
[14,15].

In 1998, Baerheim et al. found no difference in symptomatic
outcome after antibacterial treatment whether the patient was
classified as having an acute cystitis or acute urethral syndrome
[16]. In a small randomized controlled trial, Richards et al. found
blished by Elsevier Ltd. All rights reserved.
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that adult women with symptoms of a UTI but a negative dipstick
urine test result benefit from a treatment with trimethoprim
compared with a placebo [17].

To explore whether women with complaints but a negative
culture may still have an infection, we performed a quantitative
PCR (qPCR) for E. coli in urine samples of symptomatic women and
compared the results with those of healthy volunteers without
symptoms. We also examined the possibility of sexually trans-
mitted pathogens being responsible for our patients' symptoms,
using commercially available, validated PCR kits.

Materials and methods

Study design and population

This study is nested within an observational survey on uro-
pathogens and their susceptibility pattern in 256 adult women
with symptoms of uncomplicated UTI [4].

Between May 2014 and January 2016, 256 women in the Ghent
region (Belgium), presenting with complaints of dysuria, urgency
and/or frequency were included by their general practitioner (GP)
into the study. Women were excluded if they had symptoms sug-
gestive of complicated UTI at presentation (symptoms >7 days,
axillary temperature >38�C), had predisposing factors (pregnancy,
known urological/nephrological problems, diabetes mellitus other
immunocompromising diseases), received antibiotics during the
past 4 weeks or had obvious gynaecological complaints.

Patients with a history of recurrent uncomplicated UTI (more
than three UTI episodes during the past year) were included.

This group was compared with a control group of 86 women
without symptoms of a UTI that participated in a study examining
the resident microflora of midstream urine by means of an
extended urine culture protocol (August to October 2015) [18].
Thesewomenwere recruited from among healthy volunteers of the
Ghent University campus and so were not recruited during a GP
visit. The exclusion criteria were the same as in the symptomatic
group.

Assessments of symptomatic group

Collection of urine samples
After collecting a midstream urine sample at the GP's office, a

dipslide with McConkey Agar and CLED agar (Uricult®, Orion
Diagnostica, Espoo, Finland) was immediately inoculated, accord-
ing to themanufacturer's instructions, and sent to the Laboratory of
Bacteriology at the Ghent University Hospital for incubation and
microbiological analysis. The GP also collected urine in Abbott
multi-collect tubes (Abbott Laboratories, Abbott Park, IL, USA) for
qPCR.

Urine culture
At the laboratory, the dipslides were incubated at 35�C over-

night and for another 24 h. All colony types were identified using
matrix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF) mass spectrometry (Bruker Daltonics, Bremen, Germany).
Quantitative data (<103, 103, 104, 105, �106 CFU/mL) were obtained
by matching the colony density on the dipslide agars with the
model charts in the package insert, according to the manufacturer's
instructions [19].

Quantitative PCR
To detect E. coli, a specific qPCR was carried out in urine DNA

extracts, using primers targeting the E. coli b-glucuronidase-
encoding gene uidA as previously described [20]. For the
S. saprophyticus qPCR, primers targeting the trk region were
used [21].

Quantitative PCR for Chlamydia trachomatis, Neisseria gonor-
rhoeae, Mycoplasma genitalium and Trichomonas vaginalis was car-
ried out by means of commercial kitsdAbbott Real-Time CT/NG
assay (Abbott Laboratories) and Diagenode S-DiaMGTV (Diagenode
Diagnostics, Seraing, Belgium)dand analysed on an Abbott
m2000sp/rt.

Assessments of control group

Collection of urine samples
The participants were asked to deliver a midstream urine

sample, which was immediately transported to the laboratory.

Urine culture
For the standard urine culture a uricult dipslide with CLED and

McConkey agar (Mediphos, Renkum, the Netherlands) was
immersed and incubated in ambient atmosphere at 35�C for 24 h.
The colony count density on the agar surfaces of the dipslides was
compared with the colony density chart provided to obtain a semi-
quantitative colony count in CFU/mL of urine.

Next, a trypticase soy agar with 5% sheep blood and Schaedler
agar (Becton Dickinson Co., Franklin Lakes, NJ, USA) were inocu-
lated with 10 mL of urine and incubated in ambient atmosphere and
anaerobically at 35�C for 7 days (extended urine culture). Lastly,
2 mL of urine was aspirated in a Urine Monovette tube (Sarstedt,
Nümbrecht Germany) for urinalysis on UF-1000i (Sysmex Corpo-
ration, Kobe, Japan). The urines were then transferred in an Abbott
multi-Collect Specimen medium (Abbott Laboratories).

For extended urine culture, a consensus colony count was made
of the two agars and all CFUs with distinct morphological appear-
ance were identified using MALDI-TOF mass spectrometry using
the MALDI BIOTYPER 3.0 REAL-TIME CLASSIFICATION software (Bruker Dal-
tonics, Billerica, MA, USA).

A single measurement was performed once for each isolate. A
score between 2000 and 3000 allowed for species-level identifi-
cation; a score between 1700 and 1999 for genus-level identifica-
tion and a score <1700 was considered unreliable.

Quantitative PCR
In the control group, the qPCR was carried out only for E. coli.

Comparability of both groups

Eight of the women in the symptomatic group were excluded
because no qPCR data were available.

As the control group did not comprise women >65 years of age,
another 28 women in the symptomatic group >65 years were
excluded, resulting in a total of 220 eligible symptomatic women
(Table 1). To compare both groups correctly, further analysis is
made for these remaining 220 women in the symptomatic group.

Statistical analysis

The statistical program SPSS 22 for Windows was used for all
statistical analyses.

As the women's ages did not follow a normal distribution, both
groups were compared with a ManneWitney U test. A p value
<0.05 was considered significant.

For the power calculation, the aim was to detect, with a 90%
probability, a statistically significant difference at a ¼ 0.05 for a
one-sided test, between the E. coli qPCR test in symptomatic
women (with an estimated detection rate of at least 90%) and the
same test in the control group (with a detection rate of 20%). The



Table 2
Symptomatic group (n¼ 220): Escherichia coli quantitative PCR (qPCR) result related
to conventional culture result (from dipslide)

Culture (n ¼ 220) qPCR E. coli qPCR
Staphylococcus
saprophyticus

Culture result Number Positive
n ¼ 211
(95.9%)

Negative
n ¼ 9

Culture positive (80.9%) 178 173 5 19
Escherichia coli
(67.7% of 220 samples)

149 148 1 6

Staphylococcus saprophyticusa 15 14 1 12
Klebsiella pneumoniaea 5 5 d d

Enterococcus faecalisa 3 3 d 1
Other Gram-positive
bacteriaa

3 1 2 d

Other Gram-negative
bacteriaa

3 2 1 d

Culture negativeb 42 38 4 d

Other Gram-positive bacteria: Streptococcus agalactiae: two; Staphylococcus aureus
(105): one.
Other Gram-negative bacteria: Pseudomonas spp.: one; Enterobacter spp.: two.

a All �104 CFU/mL.
b Not positive using the European Guidelines for Urinalysis (2001) criteria and in

E. coli isolates considering 102 CFU/mL as a positive sample.

Fig. 1. Correlation between Escherichia coli quantitative PCR and culture for E. coli (on
dipslide) in symptomatic women. Figures shown in circles represent the number of
samples.

Table 3
Overall number of positive samples in 220 women with symptoms of urinary tract
infection according to the used method of detection

Method of detection Positive urine samples

n %

Culture of Escherichia coli 149 67.7
Culture of any uropathogen 178 80.9
Quantitative PCR for E. coli 211 95.9
Culture and quantitative PCR 216 98.2

Table 1
Characteristics of womenwith symptoms of urinary tract infection (UTI) and control
group

Characteristic Control group Women with symptoms of UTI

Number of women 86 220
Age, years,

mean (range)a
37.2 (23e65) 38.5 (17e65)

Recruitment University of
Ghent campus
volunteers

Patients consulting
their GP's practice

Culture technique Standard urine
culture EQUCb

Dipslide

a No statistically significant difference between the two groups. Student's t test:
p 0.440.

b Extended Quantitative Urine Culture (EQUC); explained in Material and
methods [18].
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calculated sample size was 12. This was the minimum size of a
group. Aswe did not expect the qPCR detection to be lower than the
culture result we used a one-sided test.

A chi-squared test was performed to detect differences between
qPCR results for E. coli and standard bacteriological culture pro-
cedures on samples in symptomatic women. When sample size in
one cell was <5, a Fisher's exact probability test was used.

A p-value <0.05 was considered significant.

Ethical approval

Study approval was obtained by the ethical committee of the
Ghent University Hospital, under approval number B670201318317
for the observational survey in symptomatic women and under
approval number B670201525210 for the control group study in
women without symptoms.

Results

Characteristics

A total of 256 women from 17 to 91 years (mean age 42.6 years,
SD 17.35) with symptoms of a UTI were enrolled over a 20-month
period. Thirty-six were excluded, of whom 28 were aged over
65 years, resulting in 220 symptomatic women with a mean age of
38.5 years (SD 13.84) (Table 1). Eighty-six women between 23 and
65 years old (mean age of 37.2, SD 11.5) without symptoms of a UTI
were recruited over a 2-month period (Table 1). The mean ages of
both the control group and the remaining 220 women in the
symptomatic group were not significantly different. Of the 28
women >65 years that were excluded from the symptomatic group
24 had a positive E. coli qPCR and E. coli culture.

Symptomatic group

Urine culture
A uropathogen (primarydE. coli and S. saprophyticusdor sec-

ondarydmainly other Gram-negative rods and Enterococcus
spp.das defined by the European Guidelines for Urinalysis [13])
was isolated in 80.9% of the urine cultures of symptomatic women
(�102 for E. coli;�104 for other uropathogens), with E. coli being the
most frequently isolated uropathogen (83.2% of the positive cul-
tures) (Table 2, Fig. 1).

Quantitative E. coli PCR
The E. coli qPCR was positive in 95.9 % (n ¼ 211) of the 220 urine

samples of symptomatic women (Table 2). Except for one, all E. coli
culture-positive samples were also E. coli qPCR-positive.
Fig. 1 shows that for positive cultures the bacterial counts are
positively correlated with the E. coli qPCR counts (Fig. 1). However,
in 63/211 (29.9%) E. coli qPCR-positive samples the culture was
negative for E. coli (Table 2, Fig. 1). Another predominant uro-
pathogen was isolated in 25/211 (11.8%) of these samples.

Nine specimenswere negative for E. coli qPCR, of which four also
had a negative culture result for E. coli and five were culture-
positive.

Besides the 211 E. coli qPCR-positive samples, an additional five
samples were culture-positive for a uropathogen, resulting in 216
(98.2%)positive samples in220 symptomaticwomen (Tables 2and3).
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Quantitative S. saprophyticus PCR
The qPCR for S. saprophyticus was positive in 19 samples with

largebacterial countsof this uropathogen (�104 genomicequivalents
(geq)/mL). Of the 15 S. saprophyticus positive cultures 12 were qPCR-
positive for S. saprophyticus and 14 were also E. coli qPCR-positive.

PCR detection of sexually transmitted agents
PCR for C. trachomatis and N. gonorrhoeae was negative in all

samples and positive for M. genitalium and T. vaginalis each time in
one sample.

Control group

Urine culture
A uropathogen could be cultured from ten of the 86 women

(11.6%) in the control group (�102 for E. coli; �104 for other uro-
pathogens) (Table 4). Escherichia coli was cultured from nine sam-
ples, of which five in low numbers and Klebsiella pneumoniae was
found in the other positive sample.

Quantitative E. coli PCR
Only ten out of the 86 participants in the control group were

E. coli qPCR-positive (Table 4).
Five qPCR-positive samples had counts of �105 geq/mL, of

which four had also a high count E. coli culture result (�05 CFU/mL).
The five other qPCR-positive samples had a count of 104 geq/mL and
E. coli could be cultured from only one of these (104 CFU/mL).
Escherichia coli was also cultured from three other samples that
were qPCR-negative. The control group showed a good quantitative
correlation between culture and E. coli qPCR (Fig. 2).
Table 4
Control group (n ¼ 86): culture (Extended Quantitative Urine Culture) and quanti-
tative PCR (qPCR) results

Culture (n ¼ 86) qPCR Escherichia coli qPCR Staphylococcus
saprophyticus

Culture results Number Positive
n ¼ 10

Negative
n ¼ 76

Escherichia coli
102 2 1 1 d

�103 7 5 2 d

Klebsiella pneumoniae
�104 CFU/mL 1 d d d

Culture negativea 76 4 73 4

a Negative: containing species not-considered uropathogens, or possible uro-
pathogens, with numbers <104 CFU/mL. E. coli isolates in low numbers are counted
as positive to compare with E. coli qPCR.

Fig. 2. Correlation between Escherichia coli quantitative PCR and culture of E. coli (on
dipslide and by extended quantitative urine culture) in control group. Figures shown in
circles represent the number of samples.
Comparison of the qPCR results in culture-negative women

Forty-two women in the symptomatic group and 76 in the
control group had a negative culture. The qPCR was positive in
90.5% (38/42) of these negative samples in the symptomatic group
and in only 5.3% (4/76) of the negative samples in the control group,
a difference that was statistically significant (Fisher's exact test; p
<0.0001).

Discussion

Main findings

We found 90.5% of the urine samples in 42 culture-negative
symptomatic women to be qPCR-positive for E. coli. Overall, 95.9%
of the urine samples of 220 symptomatic women were qPCR-
positive for E. coli in contrast to E. coli or another uropathogen
cultured in 80.9% of the samples. In the control group E. coli qPCR
remained negative in 90% of the samples, overlapping almost
completely with the culture result, indicating that our findings in
the symptomatic group are not caused by the detection of
contamination due to the higher sensitivity of the qPCR (Table 5).

The rate of positive results in the control group reflects the ex-
pected rate of asymptomatic bacteriuria (defined as a bacterial
count �105 CFU/mLdin the absence of symptoms) (1%e8%) in the
general female population [22,23].

Although three of the 15 samples that were strongly culture-
positive for S. saprophyticus unexpectedly yielded a negative qPCR
result for S. saprophyticus, the overall correspondence between
culture and qPCR for S. saprophyticus was high, with 15 culture
positives and 19 qPCR positives of which 12 in correspondence.

We found no sexually transmitted agents to be responsible for
the cystitis symptoms in culture-negative women.

The detection of E. coli DNA in 25 samples in which a uropath-
ogen other than E. coliwas found by culture is intriguing. Moreover,
the qPCR test for S. saprophyticus was positive in six women in
whom E. coli had been cultured and in 14 women for whom E. coli
qPCR was positive. This could suggest a co-infection. But our data
do not allow us to confirm this.

One possibility is that inflammation by another uropathogen
provides an econiche that is better suited for E. coli colonization, or
vice versa, the presence of E. coli could facilitate infection of another
pathogen. The exact significance of this finding needs further
research.

Limitations

A possible limitation could be the fact that all participants in the
control group were recruited within the campus of the Ghent
University whereas the symptomatic group was recruited in the
family practices and was therefore probably more heterogeneous
with regard to socio-economic status.

Also a larger control groupwould have been desirable. However,
in our purpose to compare with women without symptoms, we
Table 5
Comparison of culture and quantitative PCR (qPCR) results for Escherichia coli be-
tweenwomenwith symptoms of a urinary tract infection (UTI) and control group of
women

Positives urine samples

PCR Culturea

Women with symptoms of UTI (n ¼ 220) 211 (95.9%) 178 (80.9%)
Control group (n ¼ 86) 10 (11.6%) 9 (10.5%)

a Culture details: see Materials and methods.
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found nearly 96% of the symptomatic women had a positive E. coli
qPCR result compared with only 11.6% of the samples in the control
group. Taking into account the unambiguous results, we are
confident that this would not have changed the outcome.

The mean lag time between collection of the urine sample and
delivery to the laboratory is 2.87 days (median 2 days). Concerning
the dipslide, and hence the culture, it can be assumed that this will
not have been a problem, but for the PCR urine recipient, the qPCR
counts may have been affected by the duration of the transport.
Published reports on this particular problem are sparse, probably
because until now the qPCR approach has been used only in non-
ambulatory settings, where lag-time problems are less of an
issue. However, when comparing the rate of qPCR-positive samples
between short (0e3 days) and long (� 4 days) lag times, we found
no significant difference (Fisher's exact; p 0.042).

The PCR recipient used in the study is intended for detection of
C. trachomatis and N. gonorrhoeae in routine clinical molecular
testing. The manufacturers' specifications of this product mention
that collection, transport and storage conditions at 2�C to 30�C
ensure DNA stability for up to 14 days.

Ingersoll et al. found that DNA of T. vaginalis remained stable in
urine samples for up to 30 days when stored at 20�Ce22�Cwith the
use of a Becton Dickinson urine preservative transport kit [24]. The
recipients used in our study contain guanidine thiocyanate in Tris
buffer, which stabilizes DNA.

Also Van Dommelen et al. investigated differences in the influ-
ence of temperature, medium and storage duration on
C. trachomatis concentration in urine samples as determined with
qPCR. They found no difference in C. trachomatis concentrations in
urine samples for different storage durations [25].

The comparable qPCR positivity rate for different storage/
transport durations, the manufacturers' specifications of the used
recipient and the findings in the studies of Ingersoll and Van
Dommelen and colleagues provide arguments against a possible
influence on qPCR quantification by the differences in lag time of
processing urine samples between symptomatic women and
asymptomatic women.

Although the qPCR remained negative in the control group, a
positive result of this test in symptomatic women may not be seen
as absolute proof of causation, as in some samples it may reflect
colonization.

Literature

Sixty years of debating the ‘urethral syndrome’ has yielded a
number of possible explanations.Many articles focus on the bacterial
count threshold, questioning the Kass criterion. Consecutive studies
provide evidence to consider a ‘low-count bacteriuria’ as a positive
result [11,12,14,15]. Yet, even at a lower threshold, one-quarter to one-
third of theurine cultures remainednegative [3,4],whichmade some
authors question the presence of an infectious agent all together and
even propose a psychosomatic explanation for the complaints [15].
This could not explain why even women with a negative culture
seemed to benefit from antimicrobial therapy [16,17].

Failure to detect the causative pathogen with standard micro-
biology protocols could be a reason for negative culture results.
Fastidious uropathogens such as Gardnerella vaginalis, and recently
advocated uropathogens, i.e. Aerococcus urinae, Corynebacterium
urealyticum and Actinobaculum schaalii, are only detected using rich
media, and extended incubation times [18,26e28]. However, the
clinical relevance of these organisms is controversial because they
can also be found in asymptomatic patients with expanded culture
techniques [18].

Another possible explanation can be found in the capacity of
some E. coli strains to persist as intracellular ‘biofilms’, causing
inflammation and symptoms, but remaining undiscovered by
conventional culture [29,30]. This may be the reason why these
strains are only detected by qPCR.

Clinical implications

Our findings support the management proposed by Knottnerus
et al. [6], namely, if non-pregnant women consult their GP with
typical symptoms of an uncomplicated UTI and without vaginal
irritation or arguments for a sexually transmitted infection, the
diagnosis of a UTI can be accepted without further investigations
and can be treated empirically, according to the guidelines [2,7e9].

Instead of spending time and energy to prove an uncomplicated
UTI, physicians can rely on the typical symptoms and focus on
acknowledging and managing the patient's complaints.
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