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Urothelial cells may indicate underlying
bacteriuria in pregnancy at term: a
comparative study
N. Liou1*, J. Currie1, C. James1, J. Malone-Lee2 and A. L. David1,3

Abstract

Background: Urinary tract infection is common in pregnancy. Urine is sampled from by mid-stream collection
(MSU). If epithelial cells are detected, contamination by vulvo-vagial skin and skin bacteria is assumed. Outside
pregnancy, catheter specimen urine (CSU) is considered less susceptible to contamination. We compared MSU and
CSU methods in term pregnancy to test these assumptions.

Methods: Healthy pregnant women at term gestation (n = 32, median gestation 38 + 6 weeks, IQR 37 + 6–39 + 2)
undergoing elective caesarean section provided a MSU and CSU for paired comparison that were each analysed for
bacterial growth and bladder distress by fresh microscopy, sediment culture and immunofluorescent staining.
Participants completed a detailed questionnaire on lower urinary tract symptoms. Epithelial cells found in urine
were tested for urothelial origin by immunofluorescent staining of Uroplakin III (UP3), a urothelial cell surface
glycoprotein. Urothelial cells with closely associated bacteria, or “clue cells”, were also counted. Wilcoxons signed
rank test was used for paired analysis.

Results: Women reported multiple lower urinary tract symptoms (median 3, IQR 0–8). MSU had higher white blood
cell counts (median 67 vs 46, z = 2.75, p = 0.005) and epithelial cell counts (median 41 vs 22, z = 2.57, p = 0.009) on
fresh microscopy. The proportion of UP3+ cells was not different (0.920 vs 0.935, z = 0.08, p = 0.95), however MSU
had a higher proportion of clue cells (0.978 vs 0.772, z = 3.17, p = 0.001). MSU had more bacterial growth on
sediment culture compared to CSU specimens (median 8088 total cfu/ml vs 0, z = 4.86, p = 0.001). Despite this,
routine laboratory cultures reported a negative screening culture for 40.6% of MSU specimens.

Conclusion: Our findings have implications for the correct interpretation of MSU findings in term pregnancy. We
observed that MSU samples had greater bacterial growth and variety when compared to CSU samples. The majority
of epithelial cells in both MSU and CSU samples were urothelial in origin, implying no difference in contamination.
MSU samples had a higher proportion of clue cells to UP3+ cells, indicating a greater sensitivity to bacterial
invasion. Urinary epithelial cells should not be disregarded as contamination, instead alerting us to underlying
bacterial activity.

Keywords: Pregnancy, Urothelium, Urinary tract infection, Sampling method

* Correspondence: natasha.liou@gmail.com
1Institute for Women’s Health, University College London, London, UK
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Liou et al. BMC Pregnancy and Childbirth  (2017) 17:414 
DOI 10.1186/s12884-017-1606-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-017-1606-z&domain=pdf
mailto:natasha.liou@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
The urinary tract undergoes various physiological adap-
tations in pregnancy. The effect of increased progester-
one leads to ureteral dilatation, reduced ureteral tone
and an increased potential for glycosuria which encour-
ages microbial growth [1, 2]. These changes predispose
pregnant women to infections and 1–4% of women de-
velop an acute bladder infection for the first time during
pregnancy [3]. If untreated, bacteria may ascend the
renal tract causing pyelonephritis, a major cause of
maternal morbidity and mortality [4].
Current dogma defines a urinary tract infection (UTI)

as the presence and multiplication of microorganisms in
one or more structures of the urinary tract with associated
tissue invasion [5]. This may present with symptoms, such
as dysuria, frequency, urgency and suprapubic pain, or be
asymptomatic. The routine urine culture techniques are
designed to favour the growth of common uropathogens
[6–9]. Threshold bacterial counts of ≥ 105 total colony
forming units per millilitre (cfu/ml) urine are used to
discriminate between true infection and contamination of
the urine sample by vulvo-vaginal organisms [10]. At
present, this method of diagnosing UTIs is standard prac-
tice in UK laboratories, despite evidence of insensitivity
[11, 12]. The majority of urine cultures do not surpass
diagnostic thresholds in routine practice [13].
Contamination occurs when bacteria, from the skin

surfaces, get into the urine culture. By proxy, a urine
sample is presumed to be contaminated if epithelial cells
are detected [10]. Historically, urethral catheterisation
has been the gold standard for urine collection as it
bypassed the skin surface and was thought to avoid skin
contamination [14]. However, it has been found that
voided urine samples may be equally valid to CSU
samples, if not superior due to its convenience [15]. This
non-invasive technique has since become the clean-
catch, mid-stream urine (MSU) method which draws on
the assumption that skin contamination is avoided by
discarding the initial stream [16]. The MSU is now the
most frequently used sampling method in today’s clinical
setting [17, 18].
Recent evidence suggests that bacteriuria is more

complex than previously thought. Healthy urine is no
longer considered sterile; manifesting a microbiome
that may include urinary pathogens [19–24]. Colon-
isation of the urothelium, by microbial biofilms
adherent to cell surfaces or intracellular invasion, is
now recognised to be important in the pathology of
UTI [25–28]. The innate immune response to these
events is to increase urothelial shedding so as to
excrete parasitsed cells in the urine [28]. These “clue
cells” are epithelial cells with closely associated bac-
teria and may be evidence of bladder infection, not
skin contamination.

There is no single, validated method for urine sam-
pling in pregnancy. It is unclear which technique is best
for identifying true bacteriuria and discriminating
against urine contamination in pregnant women [29].
The aim of this study was to compare MSU and CSU
samples at term pregnancy for signs of bladder distress,
bacterial infection and urine contamination, and to de-
termine if CSU samples have a lower rate of contamin-
ation compared to MSU samples.

Methods
This was a prospective, cross-sectional, single-blinded
comparative study of two urinary sampling methods in
pregnant women at term gestation undergoing elective
caesarean section. Patients were recruited between June
and August 2015 from the obstetric labour ward theatre
at a tertiary hospital in central London and gave written
consent to an ethically approved study. The data were
structured so that individual patients could not be
identified.
A set of 41 questions was used to obtain a pertinent

clinical, obstetric and infection history. Further clinical
data were gleaned from electronic patient notes and re-
cords. A lower urinary tract symptom (LUTS) profile
was created using the “Artemis questionnaire”, a detailed
49 item questionnaire divided into four categories: stress
incontinence symptoms, overactive bladder symptoms,
voiding symptoms, and pain symptoms (Additional file 1).
This questionnaire is used in clinical practice by a
tertiary chronic LUTS clinic as a tool to identify urine
infections and to assess treatment response in non-
pregnant patients with chronic LUT symptoms [30–33].
In this study, the LUTS profile was used as an assess-
ment of bladder distress.
Two urine samples were obtained from each partici-

pant for paired comparison. First, participants were
instructed to provide a MSU sample before entering the
labour ward operating theatre. Verbal and written in-
structions were given to ensure an adequate clean-catch
sample by (1) washing hands and cleaning the genital
area with a hypoallergenic wipe to prevent local contam-
ination; (2) parting the labia and urinating the first part
of the stream into the toilet before moving the sterile
container into the urine stream; and (3) removing the
container before urination was complete. After comple-
tion of the epidural and/or spinal anaesthesia, and prior
to routine prophylactic antibiotic administration and
caesarean section surgery, a transurethral urinary cath-
eter was placed. The first 25 ml of urine was collected as
the CSU sample.

Fresh urine analysis
Each specimen was processed fresh and unspun at the
same facility as sample collection within one hour in
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order to prevent cell degradation [32]. Urinary dipstick
results for nitrites and leukocyte esterase, by-products of
bacteria and leukocytes respectively, were recorded as
evidence of bacterial infection. Urinary adenosine-5′-tri-
phosphate (ATP), an inflammatory cytokine, was assayed
by a luciferin-luciferase method in order to quantify
bladder distress [34, 35]. Microscopy was performed
using a haemocytometer chamber to quantify erythro-
cytes (red blood cells, RBC), leukocytes (white blood
cells, WCC), and epithelial cells (EPC) as previously
described by Horsley et al. [28].

Immunofluorescent staining
Uroplakin III (UP3), an asymmetric glycoprotein
expressed solely in the cell membrane of urothelial cells,
has been shown to be a specific marker of terminal
urothelial differentiation [36, 37]. We targeted UP3
through immunofluorescence in order to identify
urothelial cells originating from the urinary tract. 4″, 6-
diamidino-2-phenoylindole (DAPI), a nucleic acid coun-
terstain, was used to identify genetic material from
urothelial cells and bacteria. An immunofluorescence
technique derived from Horsley et al. [28] was used to
discriminate exfoliated urothelial cells (bladder distress,
UP3+ and DAP+) from vulvo-vaginal epithelial cells
(contamination, UP3- and DAP+). Contamination was
measured by the ratio of epithelial cells to urothelial
cells. Urothelial cells with closely associated bacteria
(clue cells, UP3+ and DAPI+ host and bacteria) were
identified as evidence of bladder urothelium shedding in
response to infection, and bladder distress was measured
by the proportion of clue cells to urothelial cells. An epi-
fluorescent microscopy was used at ×40 and ×100 oil
magnification and counts were performed in triplicate to
quantify UP3+ cells, DAPI+ cells, and clue cells. Images
were processed and analysed using Infinity Capture and
Analyze V6.2.0 and Image J 1.46r software.

Sediment culture
Individual bacteria species were identified using a tech-
nique previously described by Khasriya et al. [21]. Urine
was centrifuged and the resulting sediment resuspended
and cultured on chromogenic CPS3 culture media (bio-
Mérieux). The plates were incubated in aerobic condi-
tions at 37-degree C for 24–48 h and bacterial colonies
were identified and quantified. Bacterial isolates were
characterised by genus, and where possible species,
using the following phenotypic features: key characteris-
tics on chromogenic agar, morphology for cocci and
bacilli on microscopy, Gram staining, and biochemical
tests for indole, oxidase and catalase reactions. Full
species identification by molecular testing was not per-
formed as it was beyond the scope of this study. A small
portion of the sample was sent for routine culture at an

accredited clinical laboratory using standard methods
[13] in order to permit comparison of study culture
methods to routine culture methods.

Statistics
The sample size (α = 0.05, 1-β = 0.80, n = 25) was calcu-
lated using SPSS SamplePower and statistical analysis
was conducted using SPSS Statistics 22 (IBM, New York,
USA). Wilcoxon signed rank test was used for paired
analysis of two related non-parametric variables, where
the absolute difference between each pair was ranked
and the summation of mean positive and negative ranks
generated as a z score. A two-sided exact p value ≤0.05
was considered statistically significant. Where appropri-
ate, linear correlation was expressed as Pearson’s coeffi-
cient (r) and a significant score defined as an exact, two-
tailed p value ≤0.05. Samples were analysed blind to
their collection method.

Results
Study profile
Between 30 June and 13 August 2015, 32 pregnant
women attending for elective caesarean section
consented to participate in the study. A MSU and CSU
sample was collected from each participant, with a
median time of 2.5 h between collection of samples
(IQR 1.5–3.0). No participants were lost to follow-up,
and paired analysis of MSU and CSU data was per-
formed for all women.
The median age was 35 years (range 23 to 44). The

most common ethnicity for the patient and her partner
was ‘White’, and most women were non-smokers with a
normal or overweight pre-pregnancy BMI. The median
gestation was 38 + 6 weeks, with 39 weeks being the
most frequent gestation (18.8%). Most women were
multiparous (81.2%) (Table 1). The commonest primary
reason for elective caesarean section was history of a
previous caesarean section (40.6%). All deliveries re-
sulted in a live birth, and there were five admissions to
the neonatal unit. Two infants were anticipated admis-
sions due to previously known congenital defects. Three
infants were febrile in the immediate postnatal period,
but no infectious source was identified despite extensive
investigation. There was one neonatal death within 24 h
of life, however multiple anatomical anomalies had been
noted on antenatal ultrasound scans and the infant had
not been expected to survive.

Lower urinary tract symptoms
The frequency of daytime voids varied from three to over
20 times per day (Table 2). Incontinence, daytime or
nocturnal, was not a feature for most women. Five women
(15.2%) reported using a pad for leakage, and no partici-
pants required intermittent or permanent indwelling
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catheterisation. Symptoms of overactive bladder were
the most commonly reported symptoms, and most
women had a total count of three LUTS (IQR 0–8).
Most women who reported symptoms stated they had
occurred in recent months (69.7%), while a small
proportion of women (12.1%) reported symptoms of a
more chronic duration of years.

Antenatal history of urinary tract infection
All 32 participants had a MSU culture at their first ante-
natal booking appointment, and no women required
antibiotic therapy based on their booking sample. In 14
booking samples (43.8%), there was evidence of bacterial
growth that did not reach the routine laboratory thresh-
old (total cfu/ml ≥ 105) for treatment. The remaining 18
booking samples were reported as negative by the
laboratory. As routine antenatal care requires only one
MSU culture at booking, any repeat cultures during the
subsequent antenatal period were performed on clinical
suspicion of UTI. Ten participants had repeat MSU cul-
tures, three of which met diagnostic criteria for UTI;
two women had persistent, but asymptomatic, growth of
group B Streptococcus despite treatment, and one
woman had a symptomatic Enterococcus UTI which
was successfully treated with oral antibiotics. No partici-
pants developed sepsis throughout their antenatal, intra-
partum and post-partum periods.

Fresh urine analysis
Each sample was assessed as a fresh unspun specimen
using urinary dipstick, ATP concentration assay and
microscopy for cell count (Table 3) and then compared
by paired analysis. MSU samples were of larger volume
than CSU samples (75 ml vs 30 ml, z = 4.45, p = 0.001),
but had no difference in specific gravity thereby demon-
strating similar volumetric concentrations for both sam-
ple types. MSU samples were more likely to contain
leukocyte esterase (z = 4.61, p = 0.001). There was no dif-
ference in protein concentration, and all specimens
tested negative for nitrites. Compared to MSU samples,
CSU samples contained higher concentrations of ATP
(2504 vs 12 attamoles, z = 4.56, p = 0.001) and higher
proportions of RBC (7 vs 4 per 1 μl, z = 2.786, p = 0.004).
WBC counts and EPC counts were higher in MSU
specimens compared to CSU samples (67 vs 46 per 1 μl,
z = 2.75, p = 0.005 and 41 vs 22 per 1 μl, z = 2.57, p =
0.009 respectively).

Immunofluorescent staining
DAPI+ cells with a positive UP3 signal were identified as
cells originating from terminally differentiated urothe-
lium (Fig. 1a). Cells that only stained DAPI+ were con-
sidered to originate from the vulvo-vaginal skin (Fig. 1b).
Clue cells were shown as urothelial cells with closely
associated bacteria, as evidenced by UP3+ cells with
additional non-nuclear DAPI+ signal (Fig. 1c and d).
Proportions were calculated comparing different cell
types. There was no significant difference in the propor-
tion of UP3+ cells to DAPI+ cells (median 0.920, IQR
0.820–0.995 vs 0.935, IQR 0.833–1.000, z = 0.08, p =
0.95). There was a higher proportion of clue cells to
UP3+ cells in MSU compared to CSU samples (median

Table 1 Selected obstetric characteristics

Obstetric characteristics

Gestation in weeks 38 + 6 (37 + 6–39 + 2)

Primiparous 6 (18.8)

Multiparous 26 (81.2)

Primary indication for elective caesarean section

Previous caesarean section 13 (40.6)

Breech presentation 6 (18.8)

Placenta praevia 2 (6.3)

Twin pregnancy 1 (3.1)

Previous traumatic delivery 3 (9.4)

Medical co-morbidity 6 (18.8)

Maternal choice 1 (3.1)

Infant

Live births 32 (100)

Birthweight in grams 3.225 (2900–3635)

Admission to neonatal unit 5 (15.6)

Data reported as n (%) or median (IQR)

Table 2 Summary of LUTS identified using the Artemis
questionnaire

Lower urinary tract symptoms

Daytime frequency 9 (6–12)

Nocturnal frequency 2 (1–4)

Daytime incontinence 0 (0- > 5/d)

Nocturnal incontinence 0 (0–0)

Pad incontinence 5 (15.2)

Incontinence requiring catheterisation 0 (0–0)

Stress incontinence symptoms 0 (0–1.8)

Overactive bladder symptoms 1 (0–3)

Voiding symptoms 0 (0–2)

Pain symptoms 0 (0–0)

Total symptoms 3 (0–8)

Duration of symptoms

Antenatal period only 23 (69.7)

Pre-pregnancy 4 (12.1)

Not answered 6 (18.2)

Data reported as n (%) or median (IQR)
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0.978, IQR 0.865–1.000 vs 0.772, IQR 0.033–0.978, z
= 3.17, p = 0.001). Graphs have been used to further
illustrate the median and standard error means for
UP3+ to DAPI+ (Fig. 2a) and clue cells to UP3+ pro-
portions (Fig. 2b).

Sediment culture
One MSU sample was not received by the hospital
laboratory, and the paired sample was excluded from
sediment culture and routine laboratory culture. On
sediment culture, MSU samples had a far greater total
cfu/ml than CSU samples (median 8088, IQR 1239–
76,064 vs median 0, IQR 0–38, z = 4.86, p = 0.001). There
was a higher number of species grown per specimen in
MSU compared to CSU samples (z = 4.78, p = 0.001)
(Table 4). The majority of MSU specimens had a mixed
growth of ≥2 bacteria (88.3%) while most CSU samples
had no growth (47.1%) or growth of only one bacterial
species (35.3%). In routine laboratory cultures, most
MSU and CSU samples reported a negative screening
culture (40.6% and 87.5% respectively). The sediment
culture was more likely to report bacterial growth than
routine laboratory culture (z = 3.66, p = 0.001).
MSU specimens grew more bacterial types (total iso-

lates 103 vs. 19) with Staphylococcus as the commonest
isolated genus (37, 35.9%) (Table 5). CSU specimens had
less bacterial growth and variety. Four colonies (MSU =

2, 1.9% and CSU = 2, 10.5%) were seen on chromogenic
agar following aerobic incubation, but the genus could
not be identified despite biochemical testing and repeat
subculture.
Total cfu/ml on sediment culture for both MSU and

CSU samples were tested for evidence of correlation
with three EPC variables: EPC count on fresh micros-
copy, proportion of UP3+ to DAPI+ cells, and clue cells
to UP3+ cells (Table 6). There was no significant correl-
ation, irrespective of sampling method.

Discussion
In this study of pregnant women at term, we observed
that MSU samples had greater bacterial growth and
variety when compared to CSU samples. The majority of
epithelial cells in both MSU and CSU samples were
urothelial in origin, implying no difference in contamin-
ation rates. Furthermore, MSU samples had a higher
proportion of clue cells to UP3+ cells, and may indicate
a greater degree of bacterial invasion when compared to
urine sampled directly from the bladder. This has impli-
cations for the correct interpretation of MSU findings in
late pregnancy.
UK laboratories diagnose urinary tract infections using

a threshold of ≥105 total cfu/ml first described in 1957
by Kass et al. [10]. This standard persists despite having
been shown to misdiagnose over 50% of women with

Table 3 Fresh specimen results and paired analysis

Variable MSU
n = 32

CSU
n = 32

Z P

Volume in millilitres 75 (41.25–100) 30 (25–40) −4.45 <0.001*

Specific gravity 1.010 (1.005–1.015) 1.010 (1.010–1.015) 0.00 1.00

Protein

Negative 17 (53.1) 18 (56.3)

Trace 10 (31.3) 9 (28.1) 0.00 1.00

+ 4 (12.5) 3 (9.4)

++ 1 (3.1) 2 (6.3)

Leukocyte esterase

Negative 4 (12.5) 19 (59.4) −4.61 <0.001*

Trace 6 (18.8) 11 (34.4)

+ 12 (37.5) 2 (6.3)

++ 2 (6.3) 0 –

+++ 8 (25.0) 0 –

ATP concentrationa 2504 (1415–5779) 12,323 (8250–2098) −4.56 <0.001*

RBC countb 4 (0.5–12.0) 7 (2.0–36.0) −2.79 0.004*

WBC countb 67 (40.5–135.5) 46 (32.0–70.5) −2.75 0.005*

EPC countb 41 (17.5–69.5) 22 (10.5–36.5) −2.57 0.009*

Data reported as n (%) or median (IQR) and paired analysis performed by Wilcoxon signed ranks test. MSU samples had significantly higher leukocyte esterase,
ATP concentration, and cell counts
aConcentration described in attamoles, or mole × 10−18
bRed blood cell (RBC), white blood cell (WCC), epithelial cell (EPC) per high power field
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lower urinary tract symptoms [14]. A much lower count
of ≥102 cfu/ml of a single isolate has been suggested as a
more appropriate threshold for infection in acutely
symptomatic women [11, 38]. In the event of mixed
bacterial growth, the sample is considered to be contam-
inated by vulvo-vaginal bacterial flora [39, 40]. Within
our term pregnant population, the majority of MSU
sample sediment cultures had mixed growth and total
cfu/ml > 103. Our sediment culture appears to correlate
with clinical presentation as most participants reported
multiple lower urinary tract symptoms. However, they

were classified as “no significant growth” or “mixed
growth of uncertain significance” by routine laboratory
culture. It is possible also that symptomatic pregnant
women of term gestation with mixed growth and fewer
bacterial colonies may not be appropriately treated when
standard means are used.
The uroplakin analysis refutes the assumption that epi-

thelial cells are vulvo-vaginal skin contaminants. The
epithelial cells seen in the urine were urothelial in origin
and were often clue cells with closely associated bacteria.
MSU samples had more clue cells and therefore a
greater degree of bacterial invasion. There was no
significant correlation between total cfu/ml and clue
cells, but this is to be expected as intracellular bacteria
will evade detection by routine culture means. Our find-
ings confirm that colonisation of urothelial cells by mi-
crobes leads to an innate immune response as previously
described by Horsley and colleagues [28]. Mucosal
surfaces are a common entry point for microbes, and in
the context of urinary tract infections, uropathogenic
bacteria invade the apical surface of the urothelium to

Table 4 Bacterial culture and paired analysis

Variable MSU
n = 31

CSU
n = 31

Z P

Number of species identified

No growth 0 – 16 (47.1)

1 2 (5.9) 12 (35.3)

2 6 (17.6) 3 (8.8) −4.78 <0.001*

3 11 (32.4) 1 (2.9)

4 11 (32.4) 0 –

5 2 (5.9) 0 –

Routine laboratory culturea

Screening culture negative 13 (40.6) 28 (87.5) −3.66 <0.001*

No significant growth 6 (18.8) 1 (3.1)

Mixed growth, uncertain significance 3 (9.4) 0 –

Growth × 104–105 1 (3.1) 0 –

Growth × 105 8 (25.0) 0 –

Growth, no bacterial count 0 – 2 (6.3)

Missing 1 (3.1) 1 (3.1)

Data reported as n (%) or median (IQR) and paired analysis performed by Wilcoxon signed ranks test. MSU samples grew more bacteria on sediment culture and
routine laboratory culture
aTreatment threshold by routine laboratory culture set at total cfu/ml ≥ 105

Table 5 Frequency of bacterial species isolated

Species MSU
n (%)

CSU
n (%)

Staphylococcus 37 (35.9) 4 (21.1)

Enterococcus 20 (19.4) 2 (10.5)

Escherichia coli 17 (16.5) 0 (0.0)

Lactobacillus 9 (8.7) 4 (21.1)

Streptococcus 9 (8.7) 3 (15.8)

Corynebacterium 5 (4.9) 2 (10.5)

Yeast 3 (2.9) 2 (10.5)

Proteus 1 (1.0) 0 (0.0)

Unidentifiablea 2 (1.9) 2 (10.5)

Total number of species 103 19
aUnidentified bacteria were colonies that could not be isolated and were
recultured in aerobic conditions on chromogenic culture media or chocolate
blood agar, and therefore it was not possible to perform gram stain or
biochemical tests for identification

Table 6 Correlation between total cfu/ml and EPC variables

Total
cfu/ml

EPC count UP3+: DAPI+ Clue cells: UP3+

R P R P R P

MSU 0.13 0.47 −0.15 0.43 0.16 0.39

CSU 0.005 0.98 0.15 0.41 0.19 0.31

Linear correlation expressed as Pearson’s coefficient (r). There was no
significant correlation between total cfu/ml and EPC variables for both MSU
and CSU samples
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create adherent surface biofilms or form intracellular
bacterial colonies. The parasitised urothelial cell is sub-
sequently exfoliated into the urine to encourage bacterial
clearance [21, 27, 28, 41, 42], leading to the accumula-
tion of these clue cells as sediment at the base of the
bladder. While a transurethral catheter will pass through
this deposit and sample the urine above, a MSU is more
likely to achieve a greater sample of clue cells. It is
conceivable that an ordinary void may achieve even
more by including the first part of the stream.
Urine is increasingly recognised to have its own di-

verse microbiome, and standard culture methods only
capture a small fraction of this living community [19,
22–25]. Imbalances within this healthy microbiota are
associated with factors such as age, body mass index and
hormonal status and predisposition to disease [20].
Pregnancy may be a similarly influential factor. Current
quantitative criteria may be inappropriate for diagnosing
infection given the true urinary microbiome. Sediment
culture delivers more microbes, but the pathological sig-
nificance of these organisms is unexplained. We propose
that the appropriate substrate for analysis of infection
should be urothelial cells as they have been parasitised
by the pathogen. Khasriya et al. [21] provided evidence
supporting this contention outside pregnancy. Intracel-
lular uropathogens may evade detection by standard
diagnostic means. This degree of urothelial parasitisation
in voided urine implies that the MSU may be superior in
capturing the disease signals.

Strengths and limitations
The strength of our study is the comparative design in
which participants provide their own control thereby
eliminating sampling confounders. Another strength was
an effective use of immunofluorescent staining to refute
the claim of contamination and, through the identifica-
tion of clue cells, demonstrate bladder immune response
to cellular invasion by bacteria. However, as UP3 is
expressed in all terminally differentiated urothelial cells
including both the bladder and urethra, we were unable
to ascertain the precise origin of UP3+ cells. Another
limitation of our study was that bacteria were identified
to the genus and the species was not always identifiable.
This is particularly relevant in the case of Staphylococ-
cus sp., a bacterium frequently cultured in MSU
samples. The isolated colonies may be S. saprophyticus,
the second most common causative organism of UTIs in
this demographic, or S. epidermis and S. aureus, species
typically found on skin surfaces. Further identification of
bacteria through molecular means is currently underway
to clarify our sediment culture. Finally, it is unclear
whether our high urothelial cell counts were wholly due
to infection or as a result of physiological hormonal
changes. In vitro work with human urothelial cells has

demonstrated progesterone to induce cell proliferation
leading to increased cell turnover and exfoliation [43].
Further work is required to characterise bladder urothe-
lial behaviour throughout the hormonal changes of
pregnancy.

Conclusion
In this study of pregnant women at term, we observed
that MSU samples had greater bacterial growth and var-
iety when compared to CSU samples. The majority of
epithelial cells in both MSU and CSU samples were
urothelial in origin, suggesting no difference in contam-
ination rates. Furthermore, MSU samples had a higher
proportion of clue cells to UP3+ cells, and may indicate
a greater propensity to detect bacterial invasion
compared to CSU sampling. A closer examination of the
MSU for clue cells may prove to be more informative on
disease state from current practice. This has implications
for the correct interpretation of MSU findings in late
pregnancy.

Additional file

Additional file 1: Artemis questionnaire. Description: Detailed 49 item
questionnaire divided into four categories: stress incontinence symptoms,
overactive bladder symptoms, voiding symptoms, and pain symptoms
used to create a lower urinary tract symptom (LUTS) profile as an
assessment of bladder distress. (DOCX 145 kb)
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