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Urinary tract infections (UTIs) are the second most common bacterial infection. Urine culture is the gold standard for diagnosis,
but new techniques, such as flow cytometry analysis (FCA), have been introduced. The aim of the present study was to evaluate
FCA characteristics regarding bacteriuria, leukocyturia, and erythrocyturia in relation to cultured uropathogens in specimens
from patients with a suspected UTI. We also wanted to evaluate whether the FCA characteristics can identify uropathogens prior
to culture. From a prospective study, 1,587 consecutive urine specimens underwent FCA prior to culture during January and
February 2012. Outpatients and inpatients (79.6% and 19.4%, respectively) were included, of whom women represented 67.5%.
In total, 620 specimens yielded growth, of which Escherichia coli represented 65%, Enterococcus spp. 8%, Klebsiella spp. 7%, and
Staphylococcus spp. 5%. For the uropathogens, the outcome of FCA was compared against the results for specimens with E. coli
and those with a negative culture. E. coli had high bacterial (median, 17,914/�l), leukocyte (median, 348/�l), and erythrocyte
(median, 23/�l) counts. With the exception of Klebsiella spp., the majority of the uropathogens had considerable or significantly
lower bacterial counts than that of E. coli. High leukocyte counts were found in specimens with Staphylococcus aureus, Proteus
mirabilis, Pseudomonas aeruginosa, and group C streptococci. Elevated erythrocyte counts were found for P. vulgaris, P. aerugi-
nosa, and group C streptococci, as well as for Staphylococcus saprophyticus. In essence, FCA adds new information about the
bacterial, leukocyte, and erythrocyte counts in urine specimens for different uropathogens. Based on FCA characteristics, uro-
pathogens can be classified and identified prior to culture. E. coli and Klebsiella spp. have similar FCA characteristics.

Urinary tract infections (UTIs) are caused by pathogenic mi-
croorganisms in the urinary tract, causing an inflammatory

response, as well as the presence of red and white blood cells in the
urine. The inflammatory response and clinical manifestations de-
pend on the etiologic organism, severity of infection, and immune
status of the patient (1).

UTIs are the second most common bacterial infection and are
associated with high morbidity and costs. The annual incidence is
estimated to be �175 million UTI episodes worldwide. In the
United States, UTIs annually account for �7 million physician
visits, �1 million emergency department visits, and �100,000
hospitalizations (2, 3).

In outpatients, UTIs are the most frequent kind of bacterial
infection, and antibiotics given for their treatment represent ap-
proximately 15% of all antibiotics prescribed to humans in the
United States, with an estimated annual cost of �$1 billion (3). In
addition, the indirect annual cost is estimated to be approximately
$1.6 billion (4).

The bacteria in urine can be classified as primary, secondary,
tertiary, or doubtful uropathogens, according to their pathogenic
capacity, frequency of appearance, and association with contam-
ination of urine specimens (5). E. coli is the most prevalent uro-
pathogen and is responsible for approximately 80% of lower UTIs,
while Staphylococcus saprophyticus, Klebsiella spp., Proteus spp.,
and other uropathogens are less prevalent (6–11), according to
European Centre for Disease Prevention and Control (ECDC)
surveillance data from 2012 (12). E. coli more commonly causes
community-acquired UTIs than nosocomial UTIs (13, 14).

Urine culture is the gold standard for the diagnosis of UTI, but
culture is laborious and moderate costly, with a turnaround time

of 24 to 48 h. Recently, fully automated and cost-effective diag-
nostic instruments, such as flow cytometry analysis (FCA), have
been introduced to improve the efficiency of handling urine spec-
imens. FCA makes it possible to rule out urine specimens that
contain significant numbers of bacteria from those that do not.

The first-generation automated FCA instrument, Sysmex UF50
(Medical Electronics, Kobe, Japan) showed variable results, but the
next-generation Sysmex UF-500i and UF-1000i instruments have
improved sensitivity and specificity, as well as a separate measure-
ment channel for detecting bacteria (15–19). In urine specimens,
FCA identifies and enumerates bacteria, leukocytes, erythrocytes, and
other cells. Culture-negative specimens are identified and ruled out
before culture is performed, which reduces the turnaround time,
workload, and cost (15–17). However, the instrument has not been
evaluated for its ability to predict uropathogens prior to urine culture.
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The aim of the present study was to examine if the FCA char-
acteristics, as bacterial, leukocyte, and erythrocyte counts can be
associated with different uropathogens in urine specimens among
patients with a suspected UTI. Moreover, we aimed to evaluate
whether the causative uropathogen could be predicted in urine
specimens prior to urine culture based on its FCA characteristics.

MATERIALS AND METHODS
Collection of urine specimens. During January and February 2012, 1,587
urine specimens from inpatients and outpatients were collected in non-
preservative tubes, stored, and transported at �6°C to the Department of
Clinical Microbiology Laboratory at the University Hospital of Umeå,
Sweden, for analysis. The specimens were cultured within 3 h after arrival
at the laboratory, and all specimens were from the county of Västerbotten,
Sweden.

Urinalysis. Prior to culture, the urine specimens were analyzed with
flow cytometry (Sysmex UF-1000i; TOA Medical Electronics, Kobe, Ja-
pan). The specimens that arrived after 4 p.m. were analyzed and stored at
6°C until culture was performed the next morning. The instrument was
supported by Sysmex UF-1000i software version 00-15.

In summary, the flow cytometry instrument aspirates urine, which is
split into two volumes in the instrument prior to fluorescent dye staining.
In the first volume, the sediment stain, polymethine, stains nucleic acid in
the cells, and in the second volume, only nucleic acids in bacteria are
stained. After staining, the specimen is delivered to the flow cell for par-
ticle analysis by the use of a red semiconductor laser. The particles are
characterized according to impedance, scattering, and fluorescence light
from forward- and side-scatter lights. The forward scatter provides infor-
mation on particle size, and the side scatter provides information on the
internal complexity and the surface. In addition, fluorescence intensity
provides information on the nucleic acid content of each particle.

The particle concentrations of the counted bacteria, leukocytes, and
erythrocytes in urine specimens were denoted U bacteria, U leukocytes,
and U erythrocytes, respectively.

Culture and bacterial identification. A quantitative urine culture was
performed by inoculation with a 10-�l calibrated plastic loop (Sarstedt,
Nümbrecht, Germany) on cystine-lactose electrolyte-deficient (CLED)
agar (Acumedia Manufacturers, Inc., Baltimore, MD, USA). The agar
plates were incubated in air at 35°C for 18 to 20 h before counting the CFU
(CFU/liter).

Species identification was performed as previously described (6).
Briefly, Gram-negative and Gram-positive uropathogens were identified
by Brilliance UTI agar (Oxoid Ltd., Basingstoke, United Kingdom).
Gram-negative bacteria were identified further with biochemical tests, the
ornitine, inositol, and triple sugar iron test, as described previously (20).
Acinetobacter spp. were also identified by species-specific growth on
CHROMagar Acinetobacter (CHROMagar, Paris, France).

Gram-positive bacteria were identified by a catalase reaction. Staphy-
lococci were identified with species-specific growth on CHROMagar. In
addition, Staphylococcus aureus was identified by its DNase activity. S.
saprophyticus was identified by novobiocin susceptibility (coagulase-neg-
ative staphylococci other than S. saprophyticus were denoted CoNS). En-
terococci and streptococci were identified by esculin, agglutination to
type-specific serum (Streptex; Murex Biotech Ltd., Dartford, England),
and species-specific growth on Brilliance UTI agar. In addition, the detec-
tion of Streptococcus agalactiae (group B streptococcus [GBS]) was sup-
ported by species-specific growth on CHROMagar (StrepB; Bio-Rad,
Marnes-la-Coquette, France).

Inclusion criteria. Urine specimens yielding growth of �108 CFU/
liter of an identified pathogen were included, irrespective of the presence
of UTI symptoms in the patient from whom they were isolated. Urine
specimens yielding growth of 106 to 107 CFU/liter of an identified patho-
gen were included if UTI symptoms were reported in the patient from
whom they were isolated and/or laboratory tests indicated the pres-
ence of a UTI (nitrite test positive and/or moderate to high leukocy-

turia). Among these, specimens with one pathogen were included, as
well as those with mixed flora containing a single dominating patho-
gen (bacterial count �10 times higher than any other species that was
identified)(6). The specimens with �106 CFU/liter were classified as
negative cultures. The specimens from patients with a urinary cathe-
ter, pregnant women, as well as specimens that lacked clinical infor-
mation of UTI and that had mixed flora without a dominating uro-
pathogen were excluded.

Statistical analysis. All presented values are median values, unless
otherwise stated. The differences between proportions were analyzed us-
ing the proportion z-test. Wilcoxon’s rank sum test was used to compare
the differences between groups, and Spearman’s rank correlation was
used to study the dependencies between variables. The two-sided alterna-
tive hypothesis was used for all tests, and P values of �0.05 were consid-
ered to be significant. Importantly, we did not correct the P values for
multiple testing. We performed 220 tests, looking at differences between
pathogenes, negative controls, and the dominating species E. coli, and 83
of those tests resulted in a P value of �0.05. The expected number of false
positives is at most 11 (under the extreme assumption that the null hy-
pothesis is true for all tests), and a conservative estimate of the false-
discovery rate is 13.3%. If we assume that the null hypothesis is true for
half of the considered tests, an upper limit of the false-discovery rate is
6.6%. In addition, 108 direct comparisons were made between the patho-
genes, and for those tests, we presented the observed P values as well as the
locally adjusted P values obtained using Bonferroni’s correction. For some
bacteria/groups of bacteria, the numbers of isolates were rather few, and
the corresponding tests had relatively weak power. As a consequence, the
observed P values were judged by taking the sample size and the observed
effect size into account. The uropathogens were clustered using hierarchi-
cal clustering (using average linkage) based on the Manhattan distance
between the standardized U-bacterial, U-leukocyte, and U-erythrocyte
counts. The R package Pvclust (21) was used to identify robust clusters in
the observed dendrogram (see Fig. 3). All statistical analyses were con-
ducted using R version 2.9.1 (R Development Core Team, 2009).

RESULTS

A total of 1,587 consecutive urine specimens from patients with a
suspected UTI were eligible for urine culture and flow cytometer
analysis. Of these, 772 were excluded due to being from urine
catheters (n � 125), having mixed flora without a dominating
pathogen (n � 608), being isolated from a pregnant woman (n �
128), and being without clinical information (n � 5). The remain-
ing 823 specimens were included, of which 620 were culture pos-
itive and 203 were culture negative. The majority (67.5%, P �
0.001) of the specimens were collected from women. The mean
ages for men and women were 61.9 years (standard deviation, 20.8
years) and 59.9 years (standard deviation, 25.5 years), respectively.
Outpatients represented 79.6% and inpatients 19.4% of the sub-
jects. Of the included specimens, 54.4% yielded growth of �108

CFU/liter, 17.3% had 107 to 108 CFU/liter, 4.4% had 106 to 107

CFU/liter, and 24.7% were culture negative.
The dominating species was E. coli at 64.5%, followed by En-

terococcus spp. at 8.2%, Klebsiella spp. at 7.2%, and Staphylococcus
spp. at 5.0% (Table 1).

Among the culture-positive specimens, 91% had 108 CFU/
liter, 7% had 107 CFU/liter, and 2% had 106 CFU/liter of
growth, of which mixed-flora populations were found in 17%,
53%, and 0% of these specimens, respectively. Among patients
with 108 and �108 CFU/liter of growth, E. coli represented 65.6
and 63.4% of the uropathogens, respectively. The distributions
of uropathogens other than E. coli were also similar in the two
groups.
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Overall, specimens with Gram-negative bacteria were asso-
ciated with significantly (P � 0.001) higher U-bacterial counts
(median, 16,777/�l) than those with Gram-positive bacteria
(2,271/�l).

We found significant correlations between the concentration
of uropathogens (bacteria/�l) and U-leukocyte counts (Spear-
man’s rho � 0.26, P � 0.001), the concentration of U-bacterial

and U-erythrocyte counts (Spearman’s rho � 0.15, P � 0.001),
and the concentration of U-leukocyte counts and U-erythrocyte
counts (Spearman’s rho � 0.51, P � 0.001) (Fig. 1D, E, and F).
The outcomes of the bacterial, leukocyte, and erythrocyte counts
(particles/�l) for groups or individual uropathogens were com-
pared against the FCA characteristics for E. coli as well as speci-
mens with a negative culture result (Table 1 and Fig. 1, 2, and 3).

TABLE 1 Bacterial, leukocyte, and erythrocyte counts in urine specimens from patients with suspected urinary tract infection estimated by flow
cytometer analysis

Groupa Bacteria No. % positive

Cell count (median value/�l) inb:

Bacterial cells WBC RBC

EC Escherichia coli 400 64.5 17,914 348 23

KC Klebsiella pneumoniae 33 5.3 20,866 �,�* 153 �*,�* 16 �,�
Klebsiella oxytoca 10 1.6 27,239 �,� 351 �,�* 17 �,�
Other Klebsiella 2 0.3 29,817 �,�* 70 �,� 55 �,�
All Klebsiella spp.c 45 7.2 24,240 �,�* 160 �*,�* 18 �,�*
Enterobacter spp. 5 1.5 4,345 �,�* 166 �*,�* 30 �,�
Citrobacter spp. 9 0.2 8,405 �,�* 144 �,�* 9 �*,�
Citrobacter freundii 1 0.2 15,220 �,� 226 �,� 7 �,�
Acinetobacter spp. 1 0.2 163 �,� 118 �,� 24 �,�
Pantoea spp. 1 0.2 7,143 �,�* 56 �,� 15 �,�
Aggregated 62 10.0 15,346 �,�* 157 �*,�* 17 �,�*

PR Proteus vulgaris 3 0.5 13,107 �,�* 79 �,� 197 �,�
Proteus mirabilis 12 1.9 1,955 �*,�* 902 �,�* 52 �,�*
Morganella morganii 5 0.8 249 �*,� 207 �,�* 19 �,�
Providencia rettgeri 1 0.2 30,689 �,� 9 �,� 8 �,�
Aggregated 21 3.4 2,128 �*,�* 207 �,�* 38 �,�*

PS Pseudomonas aeruginosa 11 1.8 6,888 �*,�* 1,278 �,�* 73 �*,�*
Other Pseudomonas 1 0.2 3,467 �,� 294 �,� 12 �,�
Aggregated 12 1.9 5,177 �*,�* 1,175 �,�* 62 �*,�*

ST Staphylococcus saprophyticus 4 0.6 3,732 �,�* 200 �,� 154 �,�
Staphylococcus aureus 10 1.6 474 �*,�* 936 �,�* 32 �,�*
CoNSd 17 2.7 4,383 �*,�* 462 �,�* 19 �,�*
Aggregated 31 5.0 3,392 �*,�* 466 �,�* 24 �,�*

EN Enterococcus faecalis 42 6.8 2,623 �*,�* 200 �*,�* 19 �*,�*
Enterococcus faecium 9 1.5 1,116 �*,�* 34 �,�* 35 �,�*
Aggregated 51 8.2 2,103 �*,�* 120 �*,�* 20 �,�*

SR Alpha�streptococci 11 1.8 2,877 �*,�* 64 �,�* 19 �,�*
Group C streptococci 4 0.6 1,286 �,�* 1,399 �,�* 59 �,�
Group A streptococci 1 0.2 111 �,� 782 �,� 6 �,�
Group G streptococci 3 0.5 467 �,�* 96 �,�* 28 �,�
Gemella haemolysans 1 0.2 4,503 �,� 973 �,� 16 �,�
Aggregated 20 3.2 1,583 �*,�* 269 �,�* 22 �,�*

GB Streptococcus agalactiae 20 3.2 272 �*,�* 36 �*,�* 19 �,�*

OT Candida glabrata 1 0.2 518 �,� 94 �,� 4 �,�
Diphtheroid rod 1 0.2 18,266 �,� 65 �,� 40 �,�
Haemophilus influenzae 1 0.2 2,263 �,� 434 �,� 108 �,�
Aggregated 3 0.5 2,263 �,�* 94 �,�* 40 �,�

NE Culture negative/no growth 195 NA 33 7 9
a Denotes all uropathogens or group of uropathogens presented in the “Bacteria” column.
b WBC, white blood cells/leukocytes; RBC, red blood cells/erythrocytes. Each pair of symbols indicates that the observed value is higher (�) or lower (�) than the value for E. coli
(first symbol) and negative cultures (second symbol). *, P � 0.05.
c Denotes all Klebsiella species; this group is denoted K.
d Coagulase-negative staphylococci.
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The specimens with E. coli had high U-bacterial (17,914/�l),
U-leukocyte (348/�l), and U-erythrocyte counts (23/�l) com-
pared with those of the culture-negative specimens (33, 7, and
9/�l, respectively) (Table 1).

Among the Gram negatives, urine specimens with Klebsiella
spp. were associated with higher U-bacterial counts (24,240/�l,
P � 0.46) but lower U-leukocyte (160/�l, P � 0.05) and U-eryth-
rocyte (18/�l, P � 0.67) counts than those with E. coli. Among
Klebsiella spp., K. oxytoca was associated with higher U-leukocyte
counts than was K. pneumoniae (351 versus 153/�l, respectively),
but the two species had similar U-erythrocyte counts (16 and 17/
�l, respectively) (Table 1).

In comparison, the specimens with Citrobacter spp. (9 isolates)
had significantly lower U-erythrocyte counts (9/�l, P � 0.05) and
lower U-bacterial counts (8,405/�l, P � 0.27) and U-leukocyte
counts (144/�l, P � 0.09) than those with E. coli. The 12 isolates of
P. mirabilis had significantly lower U-bacterial counts (1,955/�l,
P � 0.05) and higher U-leukocyte (902/�l, P � 0.48) and U-eryth-

rocyte counts (52/�l, P � 0.15) than the isolates of E. coli. In
contrast, Proteus vulgaris had high U-bacterial counts (13,107/�l),
low U-leukocyte counts (79/�l), and high U-erythrocyte counts
(197/�l). Of the 12 Pseudomonas isolates, 11 represented P.
aeruginosa, which had significantly lower U-bacterial counts
(6,888/�l, P � 0.05), higher U-leukocyte counts (1,278/�l, P �
0.08), and significantly higher U-erythrocyte counts (73/�l, P �
0.05) than did the E. coli isolates (Table 1).

Among the Gram-positive bacteria, staphylococci were the
second most common group after enterococci (31 isolates versus
51). Staphylococci had significantly lower U-bacterial counts
(3,392/�l, P � 0.05) and higher U-leukocyte counts (466/�l, P �
0.05), as well as higher and U-erythrocyte counts (24/�l, P � 0.53)
than did E. coli.

Enterococci (Enterococcus faecalis and E. faecium, with 42 and 9
isolates, respectively) were associated with significantly lower bac-
terial counts (2,103/�l, P � 0.05) than those of E. coli, and E.
faecalis had higher U-leukocyte counts than did E. faecium (200

FIG 1 Bacterial, leukocyte, and erythrocyte counts per �l (logarithmic scale with base 2) in urine for uropathogens, groups of uropathogens, and specimens with
negative culture estimated by flow cytometry analysis. (A) Bacterial counts for bacterial spp./bacterial groups. (B) Leukocyte counts for bacterial spp./bacterial
groups. (C) Erythrocyte counts for bacterial spp./bacterial groups. (D) Leukocyte counts versus bacterial counts. (E) Erythrocyte counts versus bacterial counts.
(F) Erythrocyte counts versus leukocyte counts. EC (lane 1), E. coli; KC (lane 2), Klebsiella spp., Enterobacter spp., Citrobacter spp., Acinetobacter spp., Pantoea
spp.; K (lane 3), all Klebsiella spp.; PR (lane 4), Proteus spp., Morganella spp., and Providencia rettgeri group; PS (lane 5), Pseudomonas spp.; ST (lane 6),
Staphylococcus spp.; EN (lane 7), Enterococcus spp.; SR (lane 8), streptococci groups A, C, and G, alpha-hemolytic streptococci, and Gemella haemolysans group;
GB (lane 9), S. agalactiae (GBS); NE (lane 10), specimens with negative culture. (D to F) Red, E. coli; green, specimens with negative culture. (A to F) The median
values for E. coli and the negative culture are shown with solid and dashed lines, respectively.
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versus 34/�l, respectively; P � 0.45). Alpha-hemolytic strepto-
cocci and GBS were both associated with low leukocyte counts (64
and 36/�l, respectively) and low erythrocyte counts (19 and 19/�l,
respectively). However, GBS had low bacterial counts (272/�l).

The relationships between the most common uropathogens
are summarized in a 3-dimensional plot of the outcome of FCA
(U-leukocyte, U-erythrocyte, and U-bacterial counts) (Fig. 2),
and the relationships between the uropathogens are presented in
the dendrogram (Fig. 3). According to these findings, uropatho-
gens can be classified into four groups (I to IV, Fig. 3). The first
group consists of E. coli, K. pneumoniae, and K. oxytoca, the second
of P. aeruginosa, P. mirabilis, and S. aureus, and the third of Citro-
bacter species. Finally, the fourth group consists of alpha-strepto-
cocci, CoNS, E. faecalis, E. faecium, Morganella morganii, Enterobacter
spp., and GBS that cluster together with the culture-negative speci-
mens.

DISCUSSION

In this study, we evaluated the presence of leukocyturia and eryth-
rocyturia for different uropathogens present in the urine samples
from patients with suspected UTI, as measured by FCA analysis.
In addition, the FCA results for different uropathogens were com-

FIG 2 Three-dimensional plot of the median bacterial, leukocyte, and eryth-
rocyte counts per �l in urine estimated from flow cytometry analysis for dif-
ferent uropathogens isolated from patients with suspected urinary tract infec-
tion. Star, culture-negative specimens. y axis: RBC, red blood cell counts/�l
(erythrocytes). x axis: bacterial counts/�l. z axis: WBC, white blood cell
counts/�l (leukocytes). �-strept, alpha-hemolytic streptococci.

FIG 3 Dendrogram (hierarchical cluster analysis) presenting the relationship between bacteria and bacterial clusters based on bacteria, leukocyte, and eryth-
rocyte counts/�l (median values) for bacteria of �5 in number. *, Data are presented as the au value (approximated unbiased P values in percentage) (left) and
bp value (bootstrap probability values in percentage) (right). The uropathogenes were grouped in clusters I to IV. High au/bp values (%) indicate robust clusters.
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pared with those of E. coli, the most prevalent uropathogen, and to
the culture-negative specimens.

The distribution of uropathogens in the present study was con-
sistent with previous reports (6, 22). S. saprophyticus represented
only �1% of the uropathogens, but a similar prevalence has been
reported by others (23). The low prevalence of S. saprophyticus in
the present study is explained by the high mean age (59.9 years) of
the included women and that the study was performed during the
winter season. In addition, elderly persons are more likely to have
asymptomatic bacteriuria, an altered sense of UTI symptoms, and
probably also a weakened immune response (24), factors that dif-
fer from those of younger adults and may influence the conclu-
sions of the present study for an overall population of patients
with UTIs. Gram-positive bacteria were often associated with
lower bacterial counts than those of Gram-negative bacteria, pre-
sumably because Gram-positive bacteria often form aggregates
(staphylococci) or chains (streptococci) (25). The bacterial counts
of aggregated bacteria may be underestimated by the instrument
and incorrectly reported with lower counts than those of Gram-
negative bacteria, which are present in the urine as single plank-
tonic bacteria. In other studies, the urinalysis instrument has been
shown to correlate well with manual microscopy (26).

Bacterial, leukocyte, and erythrocyte counts differ among
Gram-negative uropathogens. Citrobacter spp. were associated
with a near lack of erythrocyturia (�10 erythrocytes/�l), indicat-
ing that they are less invasive, virulent, and immunostimulating
than other uropathogens. In contrast, high erythrocyte counts
were observed for P. vulgaris (197/�l) and S. saprophyticus (154/
�l). Whether the high erythrocyte count is an effect of invasive-
ness or an inflammatory response to a uropathogen or both is
unclear. However, both of these species are urease producers, a
property that has been reported as an important bacterial viru-
lence factor essential for colonization and associated with gastric
peptic ulcers in humans (27). For Pseudomonas spp. and P. mira-
bilis, we found high erythrocyte and leukocyte counts despite low
bacterial counts. Virulence factors as exotoxins and at least four
different proteases have been reported in Pseudomonas spp. that
may cause bleeding and tissue necrosis (28, 29).

However, specimens with high bacterial counts were associ-
ated with high leukocyte and erythrocyte counts (Fig. 1D and E),
indicating that the bacterial load is of importance for the inflam-
matory response of leukocytes and erythrocytes in urine during a
UTI.

Finally, the U-leukocyte and U-erythrocyte counts for the most
common uropathogen species were plotted and presented in a
3-dimensional figure (Fig. 2). As can be seen, we found E. coli and
K. pneumoniae/K. oxytoca to have similar characteristics. How-
ever, E. coli is by far a more common cause of UTI and has viru-
lence factors of importance that are not measured by FCA (30).
Despite this, the FCA characteristics of the uropathogens differ
from the present Swedish classification in primary, secondary, and
doubtful uropathogens (5). In particular, urine specimens with S.
saprophyticus show lower U-leukocyte counts than those with P.
aeruginosa, S. aureus, and P. mirabilis, although S. saprophyticus is
classified as a primary UTI pathogen.

The fourth group of uropathogens (execept CoNS) repre-
sented by alpha-streptococci, GBS, E. faecalis, E. faecium, Entero-
bacter spp., and M. morganii is associated with low leukocyte and
erythrocyte counts that were similar to what was seen in the cul-
ture-negative specimens.

Urinalysis with automated FCA has four diagnostic potentials.
First, it has the ability to separate Gram-negative from Gram-
positive bacteria based on bacterial counts (31, 32). Second, it can
predict bacterial species (e.g., Citrobacter spp.) or groups of bac-
teria (e.g., E. coli/Klebsiella spp.). Such information can assist a
clinician in deciding which antimicrobial (or not) to use for treat-
ment while awaiting the outcome of urine culture. Third, the
quality of a urine specimen can be examined by the numbers of
epithelial cells present in the specimen. High epithelial cell counts
indicate suboptimal sampling, which may affect the interpretation
of the culture results. Fourth, the outcome of FCA can guide lab-
oratory staff in improving diagnosis in culture-negative speci-
mens with high U-leukocyte counts. In the present study, 24.7%
of the specimens were culture negative despite clinical signs of
UTI, which is in accordance with the findings in other studies (6,
33, 34). Culture-negative specimens may be due to suboptimal
culture conditions, in particular those for anaerobic bacteria. In
the present study, 203 specimens were culture negative, of which
30 and 22 specimens had �100 or 200 U leukocytes, respectively.
In these specimens, an expanded urine culture protocol beyond
the standard protocols should have been applied for the detection
of fastidious bacteria.

The Sysmex UF-1000i instrument also measures results be-
yond bacterial, leukocyte, and erythrocyte counts. Taking other
FCA results (e.g., squamous cells, conductivity, pH, etc.) into con-
sideration might improve the characterization and diagnosis of
uropathogens. The inclusion of improved staining techniques
(fluorophores) that identify the four most prevalent uropatho-
gens would identify nearly 90% of the causative uropathogens.
Further studies are warranted to improve the diagnosis of uro-
pathogens in urine specimens using FCA and to confirm the re-
sults from the present study, especially as some of the bacteria
were present in a low number.

The urine specimens analyzed in this study probably do not
represent specimens from an average population but rather spec-
imens from a selected population of patients who were examined
due to suspected UTI, pyelonephritis, failure of treatment, or con-
trol after treatment. On the contrary, the results are representative
for urine specimens that were examined in our laboratory.

In essence, except for ruling out culture-negative urine speci-
mens, FCA improves the handling of urine specimens and diag-
nosis of UTI. The outcome of FCA adds information about the
numbers of uropathogens and the leukocyte and erythrocyte
counts in urine specimens among patients with suspected UTI.
According to these FCA characteristics, uropathogens can be clas-
sified into four classes, of which Klebsiella spp. and E. coli had
similar characteristics. Specimens containing Citrobacter spp.
were associated with the near absence of erythrocyturia. Urine
specimens examined by FCA may allow a prediction of the caus-
ative uropathogen by its FCA characteristics, which will have clin-
ical implications in guiding clinicians toward appropriate antimi-
crobial treatment while awaiting culture results.
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