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Optimal conditions for in vitro adherence of Escherichia coli to uroepithelial
cells, previously shown to be more efficient for strains causing acute symptomatic
than that for strains causing "asymptomatic" urinary tract infections, were
investigated. Uroepithelial cells from fresh morning urine of healthy individuals
and E. coli bacteria from patients with various forms of urinary tract infection
were used. Adhesion was found to vary, between individuals and epithelial cell
types, with epithelial cell viability, bacterial cultivation medium and growth
phase, number of bacteria added to the epithelial cells, and incubation time and
temperature. Adhesion was also influenced by variations in pH and osmolarity.
Optimal test conditions were obtained with post-log-phase bacterial cultures
grown on nutrient broth when 108 bacteria were added to 108 epithelial cells and
incubated for 60 min. Considerable variation was found between experiments
done on different days, whereas the variation between duplicates was small. The
method described may provide a useful tool in the study of the host-parasite
relationship in urinary tract infections.

The ability to adhere to epithelial surfaces
has been shown to correlate to virulence in man
for enteropathogenic Escherichia coli in the gut
(19), for gonococci in the urogenital tract (22,
29), for streptococci in the oral cavity (8), and
in various animals for mycoplasma (21, 25), Vi-
brio cholerae (11, 15, 16), and E. coli (14, 20,
23), among others.

Infections in the urinary tract caused by E.
coli may give symptoms of cystitis and/or pye-
lonephritis, but many patients have few or insig-
nificant symptoms of their bacteriuria: "asymp-
tomatic" bacteriuria (12a). Whether only symp-
tomatic or also asymptomatic infections lead to
tissue engagement that occasionally may pro-
gress to renal scarring is not well known.

In a preliminary report, it was suggested that
the clinical expression of urinary tract infections
as symptomatic or asymptomatic might be re-
lated to the ability of the bacteria to adhere to
the mucous surfaces of the urinary tract (28).
E. coli bacteria isolated from the urine of pa-
tients with acute pyelonephritis were shown to
adhere in significantly larger numbers to human
uroepithelial cells in vitro than did bacteria from
patients with asymptomatic bacteriuria. The
present report describes an in vitro model for
the study of bacterial adhesion, using epithelial
cells from fresh morning urine of healthy indi-
viduals and E. coli bacteria isolated from pa-
tients with urinary tract infection. The influence
on adhesion of the type of epithelial cell, prop-

erties of the bacteria, and conditions of incuba-
tion is investigated.

MATERIALS AND METHODS
Epithelial cells. The sediment of fresh morning

urine from healthy individuals was washed in phos-
phate-buffered saline (PBS), pH 7.1, 300 mosmol/liter,
and the cells were resuspended in PBS unless other-
wise stated. The number of cells per milliliter was
calculated by direct-light microscopy. Uroepithelial
cells from 11 apparently healthy, non-bacteriuric per-
sons denying previous urinary tract infection were
tested, but most of the experiments were done with
epithelial cells from one subject, CSE.

Bacteria Nine E. coli strains were selected from
the 49 strains tested earlier (28) to represent varying
adhesive ability from the strongest (I and II) to the
weakest (V through IX). All strains had been isolated
from the urine of patients with urinary tract infection.
From the date of isolation until used, the strains had
been kept on deep agar slab cultures.

For adhesion testing, bacteria were transferred from
deep agar to Drigalski agar plates and from these to
liquid growth media and were grown without shaking
at 370C for 16 h unless otherwise stated. The growth
media used were brain heart infusion broth (Difco
Laboratories, Detroit, Mich.), minimal salts medium
(standard mineral base with lactate as a carbon source
[26]), and nutrient broth according to Cowan and
Steele IG) with and without glucose (0.5% and 1.5%).
Bacteria were harvested by centrifugation, and the
sediment was suspended in PBS. The number of bac-
teria per milliliter was determined by direct-light
microscopy, using a Burker chamber.

Bacterial adhesive properties were varied by heat
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treatment at 56°C for 30 min or boiling for 1 h, by
Formalin treatment (0.5%), and by washing by cen-
trifugation at 250 x g for 10 min and resuspension in
10 ml of PBS zero, two, four, and six times before
incubation with epithelial cells.
Adhesion testing. To 10' epithelial cells were

added varying numbers of bacteria and PBS to a

volume of 1 ml. The mixtures were incubated during
rotation in a "Heto" rotor (Birker0d, Copenhagen,
Denmark) at 20 rpm and 37°C for 60 min unless
otherwise stated.

Incubation media were varied as follows. PBS was

usually used as the incubation medium. The influence
of pH on adhesion was tested with citrate buffer at
pH 3.0, 5.2, and 6.3, Veronal buffer at pH 7.2 and 8.3,
or PBS at pH 7.2. PBS to which increasing amounts
of NaCl had been added, giving osmolarities of 300,
600, 900, and 1,400 mosmol/liter, was also used. Since
urine contains variable components other than acids
and salts, urine from 16 healthy individuals with no

previously known urinary tract infection was also used
as an incubation medium. The urines were free of
antibody to the strains tested, as measured with the
enzyme-linked immunosorbent assay (ELISA) tech-
nique (9), using a pool of 0 antigens representing the
eight 0 serogroups most often found in E. coli causing
urinary tract infections (1, 13). Incubation tempera-
tures ranging from 4 to 560C were tested.

After incubation, unattached bacteria were elimi-
nated by repeated washing in PBS. Before counting,
a drop of trypan blue was added to the cell suspension,
to allow exclusion of the stained dead epithelial cells
(10, 18). The number of bacteria adhering to each of
40 epithelial cells was determined, starting from the
upper left corner of the Burker chamber. All samples
were identified in code and read by the same person.

Statistical methods. Standard statistical methods
were used in the study. Location and dispersion were
estimated with the arithmetic mean and standard
deviation. Different sources of variation were studied,
using a one-way analysis of variance (3). Relations
between the means and standard deviations were in-
vestigated with simple linear regression. Due to the
skewness of the distribution of the number of bacteria
adhering to an epithelial cell, nonparametric tests were
used for significance testing. Different samples of 40
epithelial cells obtained the same day were compared
in the following way. The median number of bacteria
per epithelial cell for all observations was calculated.
In each sample, the number of epithelial cells with
bacterial numbers above and below this median was

determined. The contingency table so obtained was

tested for homogeneity using an ordinary x2 test. When
comparisons were based on experiments performed
on different days, the x2 test was applied separately
to the data from each day and pooled together (2).
This x2 technique was used for all comparisons de-
scribed below.

RESULTS
Adhering bacteria were clearly seen on the

cell surface and were easy to count. When large
numbers of bacteria attached to the epithelial
cells, bacteria became confluent on the cell sur-

face, and a rough estimate of the numbers of
adhering bacteria had to be made. Adherence
could also be demonstrated by scanning electron
microscopy (Fig. 1).
Influence of bacterial growth phase on

adhesion. Inocula on brain heart infusion broth
of the nine E. coli strains were grown at 370C,
and samples taken at 30 min and 2, 5, 7, 10, 12,
14, 16, 20, and 24 h were quantitated by viable
counts and used in the adhesion test. The growth
rates of the nine strains were essentially the
same. The adhesive ability of the four poorly
adhering strains was low, regardless of growth
phase. The five adhering strains adhered at all
stages of growth, but maximal adhesive ability
was always seen after termination of the loga-
rithmic growth phase. For subsequent experi-
ments, 16-h bacterial cultures were used.
Influence of bacterial culture medium on

adhesion. The influence of medium on adhe-
sion is illustrated in Table 1. Bacteria grown on
brain heart infusion broth, nutrient broth, and
minimal salts medium showed good adhesive
ability. When bacteria were grown on glucose-
rich nutrient broth, their adhesive ability de-
creased significantly, more with 1.5 than with
0.5% glucose (P < 0.01). Poorly adhering strains
did not attach, regardless of cultivation medium.
Influence of pretreatment of bacteria on

adhesion. Formalin or heat-killed bacteria lost
the ability to adhere to uroepithelial cells. After
incubation at 560C for 30 min, the adhesive
ability of E. coli decreased significantly. Wash-
ing of the bacteria before incubation with epi-
thelial cells significantly impaired the adhesion
of good adherers after as few as two washings
(Table 2). Poor adherers remained so after wash-
ing
Influence of bacterial concentration and

incubation time on adhesion. Epithelial cells
(105) were incubated with 104 to 108 bacteria per
ml of each of the nine strains tested. Samples
were taken at 1, 10, 30, 60, 90, 120, 180, and 240
min. For each incubation time and bacterial
concentration, the number of bacteria adhering
to 40 cells was counted. Figure 2 illustrates the
effect of increasing bacterial concentrations on
adhesion at 60 and 180 min of incubation time.
One poorly and one efficiently adhering E. coli
strain representative of the other strains tested
are shown. At a concentration of 104 bacteria,
no adhesion was observed for any of the strains
tested. Of the four poorly adhering strains, no
or only a few bacteria attached to the epithelial
cells even at maximal bacterial concentrations,
whereas strains I through IV increased their
adherence with increasing bacterial concentra-
tions.
The number of bacteria adhering to the epi-
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FIG. 1. Scanning electron micrograph of E. coli on the surface of an epithelial cell fr-om the urinary tract.
x11,t7KX.

thelial cells increased with longer incubation
time. Figure 3 illustrates the effect of increasing
incubation time, using as representative exam-
ples one poorly and one efficiently adhering
strain. A slight, but significant, increase in adhe-
sion could be seen in one of the poorly adhering
strains at 2 h of incubation (P < 0.05). For all
the strongly adhering strains, the most rapid
increase in adhesion was observed during the
first 60 min of incubation. In Fig. 4 is illustrated
the change in adhesion with longer incubation
time for one of the strongly adhering strains,
using 108 bacteria per ml.
To ensure that growth during incubation did

not account for the increase in adhesion ob-
served with prolonged incubation time, control
experiments were performed. First, PBS was

tested for its capacity to entertain bacteria
growth. Bacterial inocula were incubated for 60
and 180 min in PBS, and viable counts were
performed. No increase in bacterial numbers
was observed. Second, mixtures in PBS of 105
epithelial cells and 108 bacteria were incubated
at 370C, and samples for viable counts were
taken at 10, 60, and 180 min. One good and one
poor adherer were tested. No significant increase
in bacterial numbers was observed.

Multiplication of bacteria, once attached to
the epithelial cell surface, was analyzed in small
chambers prepared with a microscope slide and
cover slip closed at the edges with silicone
grease. The chambers were filled with mixtures
of 108 bacteria and 105 epithelial cells per ml,
previously incubated for 10 min and washed free
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TABLE 1. Influence of culture medium on adhesion
of bacteria with good adhesive ability

Frequency distributiona

Bacteria/l r'-Sadr Nutrient
cell heBraiinfu- Nutrient Stnedrar broth +

sion broth base cosecose

0-9 2 7 11 33
10-19 1 1 4 4
20-29 2 1 3 2
30-39 3 0 3 0
40-49 0 1 2 1
50-99 15 16 14 0
100-149 15 11 2 0
150-199 2 3 1 0

Mean 87 77 44 5
SEMb 7 8 4 1

a40 epithelial cells investigated for each incubation
medium.

b SEM, Standard error of the mean.

TABLE 2. Effect on adhesion of washing bacteria
before incubation with epithelial cells, using a good

adherer

Bacteria/ Frequency distributiona
cell 0 washings 2 washings 4 washings 6 washings

0-9 12 30 32 40
10-19 3 2 3 0
20-29 0 2 2 0
30-39 0 2 1 0
40-49 1 0 1 0
50-99 15 4 1 0
100-149 9 0 0 0

Mean 58 10 6 0
SEMb 8 4 3 0

a40 epithelial cells studied after each washing.
b SEM, Standard error of the mean.

ofunattached bacteria. One group of five epithe-
lial cells was selected, and the number of at-
tached bacteria was counted after 0, 30, 60, and
180 min of incubation at 370C. For the five
nonadhering strains, no bacterial multiplication
was observed on the cell surface. In contrast,
the four adhering strains could be seen to mul-
tiply on the epithelial cells with an increase of
less than 25% in 60 min.
To investigate what effect such bacterial

growth might have on the number of adhering
bacteria registered after 60 min of incubation,
the following experiments were done. Continu-
ously incubated samples of 105 epithelial cells
to which had been added 10' E. coli of each of
the nine strains tested were compared with du-
plicate samples for which incubation had been
interrupted after 10 min and the cell suspension

had been washed free of unattached bacteria
and reincubated at 370C after readjustment to
a volume of 1 ml with PBS. Adhering bacteria
were counted in the interrupted sample after 10
min and in both samples after 60 min of incu-
bation. A much greater increase in the number
of adhering bacteria from 10 to 60 min of incu-
bation was seen for the continuously incubated
sample compared with the washed one (Table
3). Thus, the increase in the number of adhering
bacteria was mainly due to continuous adhesion
of new bacteria and not to growth of those
already adhering.
From the information presented above, we

decided to use 105 epithelial cells and 10' bacte-
ria per ml and to incubate the mixture for 60
min, which was done in subsequent experiments.
Influence on adhesion of variations in

epithelial cells. In all uroepithelial cell prepa-
rations, both squamous and transitional epithe-
lial cells were found. Columnar epithelial cells
were rare. None of the E. coli strains tested
adhered selectively to either of the cell types.
To find out if separation of the uroepithelial

cell types was necessary, the influence on varia-
tion of different ratios of squamous and transi-
tional cells was investigated. The epithelial cells
were classified as squamous or transitional on
morphological bases. Eleven samples, each con-
taining 120 cells, were analyzed. In Table 4 are
shown the weighted standard deviations for E.
coli strain I. The mean ratio of squamous to
transitional epithelial cells was 0.18 ± 0.08. The
two cell types differed in mean adherence. The
contribution to the total variation of differences
in ratio and in mean adherence was estimated
as: 2,430 - (0.18 x 1-117 + 0.82 x 2,625) = 76
(3%). The remaining 97% of the total variation

bacteria per cell

100 * 180min

60 min

50X

180mmn
0*o8; c 60 min

104 105 106 107 108 No.of bacteria
added

FIG. 2. Influence on adhesion to human uroepithe-
lial cells of bacterial concentration at 60 and 180
min of incubation time. One poorly (0) and one
efficiently (0) adhering strain are presented. Each
dot indicates the mean of bacteria counted on 40
cells.
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FIG. 3. Influence on bacterial adhesion of incubation time at increasing bacterial concentrations. One
strain with good and one with poor adhesive ability are presented separately. Each dot indicates the mean
of bacteria attached to 40 epithelial cells.

bacteria percell
mean/40 celis

100-

I
I1 jI

min of

10
3060

90 120 180 Incubation

FIG. 4. Influence of incubation time on the adhe-
sion of E. coli I at a concentration of 10P bacteria.
Each dot is based on data from six experiments in
each of which bacteria attached to 40 epithelial cells
were counted. The standard deviations were weighted
together for the values at 30 min and on, since differ-
ences were small. At 1 and 10 min of incubation, the
standard deviations varied extensively with the
means and have been left out of the figures.

was caused by the variation in adherence to
individual epithelial cells of both types. Similar
estimates were obtained for the other strains
tested. Thus, no further attempts were made to
study adhesion to either cell type selectively.

Uroepithelial cells from each of 10 healthy,
non-bacteriuric individuals were mixed with 10'

E. coli I and compared with uroepithelial celis
from one subject, CSE (Table 5). The number
of adhering bacteria of the other subjects ranged
from 84 to 124% of that of CSE.
Adherence to trypan blue-stained cells was

significantly lower than that to unstained cells
(P< 0.001), but exceptional stained cells had the
same number of bacteria attached as did un-
stained epithelial cells. Regardless of the adhe-
sive ability of the E. coli bacteria tested, all
samples contained some epithelial cells free of
attached bacteria. Epithelial cells that had been
kept at 560C for 30 min retained the ability to
have bacteria attached to their surface, but, with
few exceptions, they were stained by trypan
blue.
Incubation conditions. At each of four dif-

ferent pH values or four different osmolarities,
the bacteria on 40 epithelial cells were counted.
At pH 3, hardly any discrete cells were seen,
and remnants of cells did not have bacteria
attached to their surfaces. Maximal adhesion
was seen at about pH 6. A decrease in adhesion
was observed with increasing osmolarity from
300 to 1,400 mosmol/liter. When incubation was
performed in urine from healthy individuals
without detectable antibodies to the 0 antigen
of the bacterium tested, the adhering number
of bacteria was not significantly different from
the adhesion obtained with PBS as the incuba-
tion medium.

108

107108
106

-
104105

50

- n
_ _
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TABLE 3. Control ofgrowth during incubationa
Bacteria/cell (mean ± standard error)

E. coli strain 60 min
no. 10 m C nContinuously Washed

incubated Wse

I 18±3 85±6 29±4
II 32±4 75±7 36±6
III 3±0.6 14±3 6±2
IV 1±0.5 1 ±0.5 0
V-IX 0 0 0

a Continuously incubated samples were compared
with samples with incubation interrupted after 10 min,
the epithelial cell suspensions washed free of unat-
tached bacteria, and incubated at 37°C.

TABLE 4. Analyses of variation in adherence of E.
coli I to squamous and transitional epithelial cellsa

Bacteria/cell Bacteria/cell
Cell type (weighted (range ofindividual

SD) SDs)

Squamous 51.2 41.2-60.7
Transitional 33.4 18.3-43.3
All 49.3 40.6-57.9

aFigures were obtained from 11 experiments, each
containing 120 cells.

At temperatures between 35 and 410C, no
significant differences in adhesion were seen. At
lower temperatures, slow adhesion took place,
and at temperatures of >450C, hardly any bac-
terial attachment could be registered.
Conditions subsequently used for adhe-

sion testing. Suspensions in PBS of 105 ± 0.11
epithelial cells per ml and 10' ± 0.14 E. coli
bacteria per ml (mean ± standard error) were
mixed. The samples were incubated during ro-
tation at 370C for 60 min. Unattached bacteria
were then eliminated by repeated washing in
PBS, and a drop of trypan blue was added.
Bacteria attached to each of 40 unstained epi-
thelial cells were calculated by direct-light
microscopy, using a Burker chamber.
Variation in adherence within and be-

tween preparations of bacteria and epithe-
lial celis. On each of 8 consecutive days, dupli-
cate preparations of epithelial cells from one
individual and the nine E. coli strains were
made, using the conditions described above. The
number of bacteria attached to each of 40 epi-
thelial cells was determined in each sample. The
standard deviation in adherence to individual
cells within a preparation was linearly related
to the mean adherence of the preparation and
is given as an equation of regression (Table 6).
To estimate the variation between preparations
within a day and between days, a simple analysis
of variance was performed. The standard devia-

tion between preparations within a day was sim-
ilar to the standard deviation within a prepara-
tion, whereas the standard deviation between
days was larger.
The experimental error of interest, i.e., that

between days, was calculated for the strains with
good adhesion, as described here for strain I.
The standard deviation for a mean ofn epithelial
cells was V16.3 + 49.62/n, using the estimates
of Table 6 and ignoring the variation within a
day. The experimental errors for various n, as-
suming a mean adherence of 90 bacteria per cell
for E. coli, is illustrated in Table 7. Counting
40 cells gives an experimental error of 20%. An
increase in the number of cells counted only

TABLE 5. Mean number of E. coli I bacteria
adhering per uroepithelial cell from 11 healthy

individuals

Subject Mean bacteria/cell (n = 40
Subject ~~~~~~cells)

CSE (test person) .......... ... 90
DB ..................... 76
ID .... .... 112
HL .....8......................86
MH ..77...........77
GA........... 73
KW...... 108
CS.100
IM........ 88
SE ..1..0.....8...lOB
AJ 81

TABLE 6. Variations within a preparation of
bacteria and epithelial cells, between duplicates

and between preparations made on 8 different daVesa
Adherence (bacteria/cell)

Variations
Strain Betwen
SnMean Within mixtures mixtures (df Between

(df= 639) 8) within days (df=
aday 7)

I 90 40.8 0.1 i 1.9 16.3
(49.6) r = 0.23

II 109 16.8 ± 0.3i 0 15.2
(49.5) r = 0.57

III 40 9.6 ± 0.6 i 3.3 19.4
(33.4) r = 0.96

IV 30 7.2 ± 0.6s 0 17.8
(25.3) r= 0.93

aMeans (i) and standard deviations were estimated for
each strain and each source of variation. Standard deviations
are given as an equation of regression on the mean. r indicates
the coefficient of correlation between the mean and standard
deviation. To estimate the variation between preparations
within a day and between days the variance within a prepa-
ration should be subtracted. For this, the estimated standard
deviations (parentheses) were used, i.e., the value of the
regression equation for the mean of all samples.

For the strains with poor adhesive ability (V through IX),
measurements like mean and standard deviation are inappro-
priate.
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yields minor changes in the experimental error,

the limit being 18% when the number of cells

counted tends to infinity. For the strains with
poor or intermediate adhesive ability, the exper-

imental error based on mean and standard de-
viation was inappropriate; therefore, no quanti-
tative statements were made.

DISCUSSION
E. coli bacteria causing symptomatic urinary

tract infection adhere in larger numbers to epi-
thelial cells from the urinary tract than do E.
coli isolated from urine of patients with asymp-
tomatic bacteriuria (30). Bacterial adhesion to
epithelial cells may thus be of importance in
the pathogenesis and course of urinary tract
infections. The method presented in this paper
provides a simple tool for the further study of
bacterial adhesiveness in relation to urinary
tract infection.

Epithelial cells are a normal component of
human urine. Quantitatively dominating are
transitional epithelial cells from the ureters and
bladder and squamous epithelial cells from the
trigonum area, the urethra, and, in women, the
external urogenital tract. The ratio of the differ-
ent cell types is known to vary between days
and individuals (17, 27). These variations, how-
ever, account only for about 3% of the total
variation in bacterial adhesion to the epithelial
cells; therefore; no further attempts have been
made to separate the cell types.

It is uncertain to what extent the epithelial
cells discharged into the urine can'be considered
representative of the intact epithelial surfaces
of the urinary tract. Trypan blue as an indicator
of cell vitality is not without disadvantages. Cells
take up dye in late stage 3 of cell death, after
loss of deoxyribonucleic acid from the cell nu-
cleus and cessation of respiration (18). The pop-
ulation of unstained cells may thus contain both
viable cells and cells in early stages of cell death.
The epithelial cells seem much less sensitive to
various treatments than do the E. coli bacteria,
however, and can function as recipients for ad-
hering bacteria both after repeated washings
and after heating at 56°C for 30 min. Further
studies on possible metabolic activity of the
discharged cells may help to explain the great
variation in receptivity for adhering bacteria
between individual epithelial cells.
There are several indications that pili are pres-

ent on the attaching bacteria. The adhesive abil-
ity of the E. coli strains tested was expressed
when bacteria were grown in miniimal salts me-
dium, nutrient broth, and brain heart infusion
broth, but not when extra glucose was added to
those media. The structure responsible for adhe-
sion was easily washed away and was inactivated
by heating for 30 min at 56°C or by Formalin

TABLE 7. Standard deviations (SD) and
experimental error for E. coli I for a mean value of

90 bacteria per epithelial cell, for increasing
numbers of epithelial cells (n)a

n SD S

1 52.2 58
10 22.6 25
20 19.7 22
40 18.1 20
80 17.2 19
120 16.7 19
* b 16.3 18

aThe figures were based on pooled data from 11
samples, each containing 120 cells.

b *, Limit where n tends to infinity.
treatment. Pfli on E. coli, as described by Brin-
ton, are almost pure polypeptides that depo-
lymerize on heating and are easily washed off
the bacterial cell surfaces (5). For Shigella, pili
are not formed when bacteria are grown on
glucose-rich media (7). This might be due to
increased acidity, which is known to depolymer-
ize pili (5). The growth conditions in the urinary
bladder, with limited oxygen supply, should fa-
vor growth of piliated E. coli (5, 7). Presence of
pill on E. coli bacteria also relates to their ability
to attach to human uroepithelial cells (C. Svan-
borg Eden, H. A. Hansson, and L. A. Hanson,
manuscript in preparation), as has been sug-
gested for Proteus (24). The adhesiveness of the
E. coli strains tested is not due to acquisition
of blood group-reactive substances from the cul-
tivation medium, as suggested by R. J. Gibbons
and J. U. Qureshi (manuscript in preparation),
since growth on minimal salts medium did not
significantly decrease adhesion.
A few connections may be found between the

presented in vitro model and conditions known
to exist in patients with urinary tract infections.
In the urinary bladder, bacterial growth is
thought to be continuously in log phase (4),
since medium (urine) is continuously supplied
and since part of the old culture is voided. In
patients with residual urine or reflux, but also
during incubation over night, it might, however,
be possible to obtain post-log-phase cultures.
Bacteria at both stages of growth obviously pos-
sess adhesive ability although post-log-phase
cultures adhered better than did those in log
phase. The bacterial concentration, 10i bacteria
per ml, that is used in the in vitro test is high
but not unbiological, since the number of bac-
teria per milliliter isolated from patients with
significant bacteriuria ranges from 10i to 109 (4).
The nornal time between voidings is about 4

h. After 4 h of incubation in vitro, the poorly
adhering strains still adhered in small numbers,
whereas the efficiently adhering strains showed
the largest increase of attachment during the
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first 60 to 120 min of incubation. Thus, even in
a patient with frequency as in cystitis, voiding
every hour, the time between voidings may be
suffi'cient for bacteria to become attached to the
urinary tract epithelium. Once attached, bacte-
ria may penetrate, activate the defense mecha-
nisms of the host, or multiply on the cell surface
until the epithelial cell is discharged and new
adhesion must take place. The normally slow
turnover of bladder epithelium is likely to be
faster during infection (12). Epithelial cells in
the urine sediment of infected patients are, thus,
likely to have bacteria attached to the surface.
The sediments of patients with urinary tract
infection are presently being studied from this
aspect. Furthermore, uroepithelial cells from a
larger group of normal individuals is being stud-
ied and compared with cells from patients with
ongoing or recurrent urinary tract infection.
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