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l e t t e r s t o t h e e d i t o r

A Mobile Handheld Computing Application
for Recording Hand Hygiene Observations

To the Editor—Currently, most hand-hygiene observations are
performed by human observers.1 Data from these observa-
tions are frequently recorded on paper forms requiring a data
entry step prior to the distribution of results. This delays the
interpretation of results, increases the cost of data collection,
and may introduce transcription errors.

Recently, other groups have developed computer-based elec-
tronic recording systems; some of these also use hand-held
devices.2 However, systems designed for individual healthcare
systems may not be easy to disseminate. To increase the avail-
ability of direct electronic recording of observations, we de-
veloped an interactive iPhone application and made it available
to the public free of charge for use by anyone with an iPhone
or iPod touch device.

We developed our iPhone application, iScrub 1.0, using
Apple’s Cocoa framework, the Objective-C programming lan-
guage, and the XCode integrated development environment.
Our application takes advantage of the iPhone’s touch screen
interface and is easily customized to reflect each user’s own
healthcare facility. Customization features allow users to or-
ganize recorded observations by specific units or clinics in
their facility. During use, observers simply indicate when they
arrive and leave a specific location from a list of menu-driven
choices based on their institution. Users can also specify
which job classifications they wish to record for each obser-
vation (eg, nurse, nurse’s aid, physician, X-ray technician,
etc). To record observations, users record whether healthcare
workers have taken advantage of hand-hygiene opportunities
before entering and after leaving patient rooms. iScrub, ver-
sion 1.0, does not measure all of the World Health Organi-
zation’s Five Hand Hygiene Moments of Opportunity.

Observers can also collect similar information for gowning,
gloving, and the use of face masks or N95 respirators. The
application is programmed to know what protective equip-
ment is required for contact, droplet, and airborne isolation.
Each entry is automatically time and date stamped, and a
built-in confirmation step minimizes data entry errors. If
mistakes are made, they can easily be erased with a “discard”
button. All data are recorded and analyzed in real time locally
in a database on the observer’s device. Given WiFi access,
the observer can export data (in comma-separated-value for-
mat) to an E-mail address of the user’s choice. The data can
be E-mailed after observations are completed.

To test the usability of iScrub, we had 23 infection control
professionals share 11 iPod touches with the application in-
stalled to determine whether they could use the application.

Next, to determine the usability in a clinical setting, we per-
formed a small pilot study to test both the usability and
recording accuracy of iScrub. Two different observers re-
corded hand-hygiene opportunities in the medical intensive
care unit at the University of Iowa Hospitals and Clinics (Iowa
City, Iowa). One observer recorded the observations using a
paper form, and the other used the iScrub application in-
stalled on an iPod touch device. The dual observation period
lasted for a period of 6 days (averaging 2 hours per day: the
unit’s current observation period). We used a Wilcoxon
signed rank test to detect potential differences in count data
(ie, hand-hygiene observations) generated by the 2 methods.
Note that, for this statistical test, we considered the human
observer to represent “ground truth,” and the results of the
Wilcoxon signed rank test compared the counts obtained each
day in the following observed categories: physicians, nurses,
other, and off-unit consultants.

During both the first and second pilot sessions, the par-
ticipating infection control professionals were comfortable
using the interface within a few minutes of picking up the
device. During our clinical pilot, our application proved easy
to use, and we could not detect a significant difference be-
tween the iScrub data and the data that were generated con-
currently by traditional methods. Users were able to send
data collected by the application via E-mail to either one or
multiple parties. Although other groups have developed elec-
tronic data entry systems, ours is based on a very popular
mobile computing device platform. As of January 2010, Apple
has sold 50 million iPhone and iPod touch devices, and users
have downloaded more than 3 billion applications.3

iScrub is easy to download and use and can be modified
to fit an individual institution’s needs (Figure 1), thus in-
creasing the potential for dissemination of electronically col-
lected data. Unlike other recording methods, iScrub can be
used in an inconspicuous fashion and thus diminish the po-
tential effects of observers on healthcare worker behavior (eg,
the Hawthorne effect).4

Although the program is free, it does require users to have
or purchase an Apple mobile computing device. However,
the investment of less than $200 for an iPod touch device
should be easy to offset with the labor saved by reducing data
entry efforts. Note that although an iPhone requires a phone
contract, an iPod touch does not and thus has a much lower
total cost of ownership. Another limitation is that iScrub
requires access to a WiFi connection.

iScrub, version 1.0, does not measure all of the World
Health Organization’s Five Hand Hygiene Moments of Op-
portunity. Future directions include allowing users to observe
all of the 5 moments5 instead of just “in-room” and “out-
of-room” moments. iScrub, version 2.0, will also include a
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figure 1. Application customization and data entry options (version 1.0).

secure companion Web site to allow the centralized aggre-
gation and feedback of observations. Development of iScrub,
version 2.0, is in the beta phase, and its Web site will be able
to scale to include hundreds of institutions or more. Such a
system could support widespread (ie, state-wide) process-
improvement projects and help to standardize the collection
and reporting of hand-hygiene observations.
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table 1. Surgical Site Infection (SSI) Rates (All Types)
after Clean-Contaminated Surgical Procedures

Study, solution
Rate of SSI,

proportion (%)

Darouiche et al1

Povidone-iodine (without alcohol) 71/440 (16.1)
Chlorhexidine-alcohol 39/409 (9.5)

Swenson et al2

Povidone-iodine-alcohol 44/541 (8.1)
Iodine povacrylex–alcohol 27/414 (6.5)
Chlorhexidine-alcohol 46/454 (10.1)
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Importance of Alcohol in Skin Preparation
Protocols

To the Editor—The continued pursuit of lowering the risk of
surgical site infection (SSI) has recently focused more atten-
tion on skin preparation solutions. Traditionally, no solution
or technique for skin preparation has been widely held as
superior to any other for preventing SSI after major operating
room procedures. In the January 7, 2010, issue of The New
England Journal of Medicine, Darouiche et al1 report a lower
incidence of SSI associated with clean-contaminated surgical
procedures among patients prepared with chlorhexidine plus
alcohol, compared with the corresponding incidence among
patients prepared with povidone-iodine (without alcohol), in
a well-done, tightly controlled clinical trial. Much excitement
has been generated by these results.

Our group recently reported a large, quasi-experimental
study in Infection Control and Hospital Epidemiology2 in which
we noted seemingly contradictory results, implying that a
chlorhexidine-alcohol preparation was inferior to iodophor-
based comparators. In contrast to Darouiche et al,1 however,
our study uniformly used alcohol as an adjunct to iodophor
preparations and identified a lower SSI rate in the iodophor-
alcohol preparation groups. Table 1 presents a side-by-side
comparison of the results of these 2 studies.

Of note, the only 2 directly comparable groups (the chlor-
hexidine-alcohol groups) had very similar SSI rates of 9.5%
and 10.1%, suggesting relatively similar patient populations.

Although the difference in protocols might seem minor, the
rapid bactericidal activity of alcohol may be a vital part of
any iodine-based skin preparation.3 The inclusion of alcohol
in only 1 treatment arm in the study by Darouiche et al1

weakens the applicability of this otherwise excellent study.
We agree with Darouiche et al1 that the practice of using

iodophors alone to prepare the skin for an operation is in-
ferior to use of a chlorhexidine-alcohol solution and that the
practice should be abandoned. However, we also believe that
the question of preoperative skin preparation solution su-
periority cannot be completely answered without an adequate
experimental comparison of chlorhexidine-alcohol to iodo-
phor protocols that also include the critical bactericidal ac-
tivity of alcohol.
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