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Background. Given that children often present to physi-
cians with a wet gel-based diaper, a method for using
this diaper for a urine specimen was studied.

Methods. A blinded clinical laboratory trial was con-
ducted in the microbiology laboratory’. The sampling
technique involved the use of oval gynecologic forceps
as a template and sterile scissors to cut out samples of
diapers. Each diaper sample was then vortexed in 20 mL
of sterile saline and the supernatant quantitatively cul-
tured. Diaper sample supernatant cultures with simu-
lated infected urines (suspensions of Escherichia coli)
were used.

Results. Weight measurements of the diaper samples
soaked with 20 mL or more of saline yielded reproduc-
ible results (0.703 g; 95% confidence interval [CI], 0.52

Urinary tract infections (UTIs) in children can present
with a diverse array of clinical manifestations. Conse-
quently, UTIs must be considered in the differential
diagnosis of a variety of disorders. Substantiation re-
quires the collection of urine for quantitative culture.
For infants and young children who may be unable or
unwilling to cooperate in the urine-collection process,
midstream urine collection may be difficult or impossi-
ble. For these patients, urine is usually collected by
means of adhesive bags, urethral catheterization, or
suprapubic aspiration.
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to 0.88 g). Culture results (colony-forming units per li-
ter [CFU/L] of supernatant) from diapers soaked with
25 mL of various concentrations of E coli (106 10,
108, 10y CFU/L) showed excellent correlation with tre
inoculum used, and no effect of a 2-hour delay in al-
turing the wet diapers.

Conclusions. Our technique provides accurate and rdi-
able estimates of bacterial concentrations in the wd
range for infected urine from gel-based diapers sded
with solutions of E coli. Further evaluation of dinicd
implementation is needed.

Key words. Urine; bacteria; Escherichia coli; pathogens;
infection; diapers; infant.
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The use of bags has several drawbacks: (1) failure to
adhere; (2) perineal discomfort and trauma (especially in
children with sensitive skin); and (3) a high incidence of
mixed cultures reflecting a contaminated sample.

Ahmad et allhave shown that urine can be collected
for culture from disposable diapers by extracting it fram
the wet fibers. They demonstrated good agreement in
bacterial counts between urine collected this way ad
urine collected in bags. Their study also suggests that the
contamination rate with this procedure may be lower tren
with the bag specimens. In an assessment of the reliability
for microbiological analysis of urine collection from ds-
posable diapers of elderly women with severe urinary in
continence, Belmin et al2 found that it was a simple ad
reliable method for routine analysis. Contamination a
bacterial concentration change over time was not ob-
served.

A major limitation of their technique is that it isnat
applicable to gel-based diapers. This type of diaper dom
inates the markets of North America and some areas in
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Europe, such as Sweden.3 Disposable diapers contain cot-
tormool fibers from which urine specimen can be ex-
tracted by compressing the wet fibers. Unfortunately,
with gel-based ultra-absorbent diapers urine cannot be
collected in the same manner. We have, therefore, devel-
ged a method for culturing urine from this type of dia-
per. We present preliminary results of the laboratory de-
veloping phase.

Methods

Inculturing urine, it is necessary to identify not only the
infectious agent in the specimen but also its concentra-
tion Therefore, because it is impossible to extract urine
from ultra-absorbent diapers using the compression
method, a standardized method for sampling a fixed
amount of urine from this type of substance is needed.

A standardized method of culturing gel-based dia-
parsis as follows:

1 Huggies brand medium boys’ diapers are bisected
along the long axis with sterile fine dissecting scissors

2. A 10-inch ring gynecologic forceps is applied as a
template to get a sample of the ultra-absorbent substance
6to 18 cm from the diaper edge

3 The perimeter of the sample is then gently wiped
with the back of the scissor blade to remove any loosely
adherent gel particles, producing a diaper sample within
the oval. We used this forceps to obtain a standard fixed
sanple.

4. The clamp is then loosened and the diaper sample
dropped into 20 mL of saline solution prepared in ad-
vance in a sterile container.

For culture, the container is capped and vortexed for
10seconds, after which 500 juL ofsupernatant isremoved
and spread on appropriate agar plates. These are incu-
bated at 37°C and read after 24 hours. Equipment re-
quired for this procedure includes disposable gloves, ster-
ileoval gynecologic forceps, sterile sharp-nosed dissecting
scissors, sterile container with 20 mL of sterile saline so-
Iution, vortex mixer, 500-ju.L pipette, and standard agar
plates used for urine cultures. Since we were attempting
toestablish a standard method to obtain a standard sam-
ple, we evaluated whether the dry or wet sample weight
varies according to distance from edge of the diaper.

As a preliminary step, dry and wet diaper samples
were obtained from various distances along the long axis
ofthe diaper, with the anterior-most edge of the diaper
representing a distance of zero and weighed on an analyt-
icd balance. This allowed for the assessment of differences
ingel distribution that might occur in the sampled area.
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Table. Diaper Sample Weight As a Function of the Volume of
Saline and the Distance from the Diaper Edge

Weight Standard
Variables 9)* Deviation
Distance from diaper edge (cm)
Dry sample
3.0 0.21 0.01
55 0.26 0.01
8.0 0.32 0.02
10.5 0.30 0.02
13.0 0.31 0.01
15.5 0.31 0.01
18.0 0.32 0.02
20.5 0.25 0.02
Wet samplef
6.0 1.04 0.11
10.0 1.00 0.07
14.0 1.01 0.11
18.0 0.92 0.25
Volume of saline poured into diaper (mL)
10.0 0.96 0.25
20.0 1.02 0.08
25.0 1.01 0.09
30.0 1.00 0.09

'Average offour samplesat eachposition and with each volume,
fAverage datafrom 20, 25, and 30 mL saline only.

To obtain wet diaper samples, varying volumes of water
(10,20, 25, and 30 mL) were emptied into the midline of
the diaper before the various diaper samples were ob-
tained.

Mock infected urine was generated using a pure cul-
ture of Escherichia coli mixed in sterile normal saline. The
concentration ofthe stock solution was obtained by com-
parison with a McFarland 0.5 turbidity standard with
serial 10-fold dilutions performed to generate solutions of
106, 107, 10s, and 109 CFU/L.

As a first experiment, 25 mL of these solutions was
placed into duplicate diapers and two samples from each
diaper were obtained in an unblinded manner immedi-
ately and 2 hours later. A second blinded experiment was
conducted, using 25 mL each of eight coded solutions
containing 105 to 109 colony-forming units per liter of
E coli. Each inoculum was poured into two diapers, each
of which was sampled twice for culture.

Correlation was performed according to the least-
squares method,4 with the P value reflecting the two-
tailed probability that the correlation slope is not equal to
zero.

Results

The dry diaper sample weights (Table) show a decline
near the front and back of the anterior half ofthe diaper.
The mean of the dry weights along the long axis of the
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Percentage of measurements
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Fraction of the mean urine mass

Figure 1. Distribution of measurements of fluid mass in the wet

diaper samples, as calculated by subtracting the average dry

diaper sample weight from the actual wet diaper sample weight
(N = 16).

diaper between 5.5 to 18 cm from the edge were consis-
tent, with an average weight of 0.284 g (standard devia-
tion (SD), 0.026). The wet diaper weights in the Table
show that the mean sample weight is lower and more
variable when a 10-mL volume is used. It is likely that this
difference is due to nonuniform gel saturation with small
volumes of liquid. Pooling the data from diapers soaked
with 20 to 30 mL demonstrates that the weight of diaper
samples taken between 6 and 18 cm from the edge is
relatively constant. Therefore, for all subsequent experi-
ments, diaper samples were taken between 6 and 18 cm
from the diaper edge, and liquid volumes of 25 mL were
used.

Subtracting the dry from the wet diaper mass allows
calculation of the amount of liquid in the diaper sample.
The average liquid mass in awet diaper sample was 0.703
g (SD, 0.091). The liquid mass measurements show a
skewed normal distribution around the mean (Figure 1)
with values beyond two standard deviations, accounting
for fewer than 26% of the specimens.

Figure 2 shows the results of the first experiment
with bacterial solutions. In this experiment two samples
from each of two identical diapers were obtained, one
immediately and the other 2 hours later. No effect of a
2-hour delay was seen. Results of the second blinded
experiment with coded blind bacterial solutions are
shown in Figure 3. There was excellent correlation be-
tween the diaper supernatant cultures and the bacterial
concentration in the solution used to wet the diaper
(r=.99; P<.0(0)1).

The correction factor for determining the original
bacterial concentration was derived by calculating the
formula for the correlation line, which is shown in
Figure 3.
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Concentration of E. coli in diaper supernatant (log CFU/I)

5.4 6.2 7.3 87

1 1Itime - 0 HHI Time - 2 hours

Concentration of E. coli in mock urine solution (log CFU/I)

Figure 2. Effectofa2-hour delay in obtaining diaper samplesm
the yield of diaper sample cultures. Log denotes logarithny
CFU/L, colony-forming units per liter.

Discussion

The data from these experiments with bacterial solutions
demonstrate that this novel technique using liquid a-
lected from gel-based diapers can closely predict the oo+
centration of E coli in solutions of mock infected uire
The degree ofvariability between the predicted and ad
bacterial concentrations is clinically insignificant becase |
the diagnosis ofa UTI is usually based on colony concen
trations spanning orders of magnitude. Although te
sample is small, the high correlation coefficient (r=.9)
provides sufficient basis to proceed from the experimental
laboratory phase to the clinical phase. The experimental

Concentration of E. coli in diaper supernatant (log CFU/I)

Concentration of E. coli in mock urine solution (log CFU/I)

Figure 3. Correlation of cultures of diaper sample supernatant
with mock infected urine, ie, suspensions of Escherichia coli i
sterile saline. The formula for the correlation line &
y=1.43+0.98 x. The correlation coefficient (r) is .99 (P<.001.
Log denotes logarithm; CFU/L, colony-forming units per liter.
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protocol used restricts immediate generalization to the
diricd setting for several reasons.

First, all the diapers used in these experiments were
Buggies, size medium, for boys. It is not known ifthe gel
distributions and concentrations in other brands or sizes
acdifferent. Second, the data show the ability of E coli to
aunvive exposure to the gel and to be readily extractable
franthe diaper. Although this is a potential limitation, it
seas unlikely that other urine pathogens would behave
differently. Although the diaper components were not
found to be toxic to E coli, the effect of longer contact
timesis unknown. In 1989, Lee Wong and Assenheimer
Downssshowed differential effects ofvarious fibers on the
growth characteristics and toxin production of Staphylo-
axasaureus. Third, the volume of urine voided by in-
fatswith UT1 is unknown. However, it is important to
remember that the bladder capacity of infants is surpris-
ingy large. Term newborns have 50 to 60 mL of bladder
capacity, and this increases to 100 mL by the end of the
firt year.6 1t seems likely that there is frequent bladder
emptying in infants with UTI. However, since weight
measurements suggest that even 10 to 20 mL will yield
reproducible results with our technique, this should not
represent a clinical limitation.

Several potentially relevant issues are not addressed
bythese experiments. Diapers worn by infants are in di-
rect contact with the perineum and could become con-
taminated. Clearly, gross fecal soiling would interfere
withour technique. Ahmad et alldemonstrated that dia-
per-collected cultures were no more often contaminated
then those collected by urine bags. Their technique uses
“deep” diaper fibers that might be less susceptible to
contamination. Similar findings were observed in a recent
study of elderly incontinent women.2 The diapers used in
our study have a “liner” that can be removed from the
sample, something we did not do. If contamination
proves to be a problem in clinical studies, this additional
step could be added.
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It can be argued that the most accurate method of
obtaining urine for culture in infants is by means of su-
prapubic aspiration. Many primary care physicians may be
uncomfortable performing this invasive procedure. A re-
cent study ofsuprapubic aspiration in achildren’s hospital
showed that the use of portable ultrasound increased the
yield of successful taps from 52% to only 79%.7 Clearly,
alternative methods that are both less invasive and more
successful are still required.

Studies investigating this novel technique of diaper
culture in the clinical pediatric setting are currently under
way. These future studies will evaluate whether the tech-
nique is simple enough for use in a busy office. We assume
that not more that 3 to 5 minutes will be needed to collect
the specimen.

Ifsuccessful, the method might also be applicable to
a diaper-wearing geriatric population, which would alle-
viate the need for catheterization.
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