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Background: The purpose of this study was to determine whether use of a video camera surveillance system
for hand hygiene (HH) monitoring, video-based education, and feedback could improve the HH compliance
in a neonatal intensive care unit (NICU).
Methods and materials: This was an interventional before-after trial conducted in a level-III NICU between
July 2019 and June 2020. HH compliance was measured using randomly selected video-camera footage in
the baseline, intervention, and maintenance periods. After the baseline, an intervention consisting of feed-
back and education with video scenarios was implemented. The primary outcome was change in HH compli-
ance. The compliance rates were analyzed as an interrupted time series (ITS) with a segmented regression
model adjusted for autocorrelation for each study period.
Results: We identified a total of 8335 HH indications. There were non significant increases in the total com-
pliance rate (9.0%, 95% CI -2% to 20%) at the time of intervention and in the compliance rate after intervention
(0.26%, 95% CI -0.31% to 0.84%) per day. The hand hygiene compliance before patient contact significantly
increased (19.8%, 95% CI, 4.8%-34.8%). Incorrect glove use improved non-significantly with the intervention
(-3.4%, 95% CI -13.4% to 6.7%).
Conclusion: In this study of HH monitoring using video-camera footage combined with an intervention
including feedback and education, there were inconsistent improvements in HH compliance. However, these
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improvements were not sustained in the long term. Frequent feedback and education may be required to
sustain high compliance.
© 2023 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
Health care associated infections (HAI) cause significant mortality,
morbidity, and excess health care expenses worldwide.1 The esti-
mated pooled prevalence of HAIs in developing countries is over
10%.2 In Turkey, the burden of HAIs is around 13%. HAI is also a seri-
ous problem in patients admitted to neonatal intensive care units
(NICU).3,4 In a multicentre point prevalence study from Turkey, the
total HAI prevalence was 7.6% in neonatal intensive care units
(NICU).5

Compliance with World Health Organization’s (WHO) 5 hand
hygiene (HH) moments is a critical factor for prevention of HAIs.6,7

Low HH compliance is a universal problem. In a systematic review of
hand hygiene studies, the mean HH compliance rate was 40%.8 In
another systematic review of 16 clinical trials, the mean compliance
rate was 34.1% which increased to 56.9% after an intervention.1 To
improve low compliance rates, several HH monitoring and improve-
ment programs have been implemented.9 The majority of these pro-
grams monitor HH compliance using direct observation, but this
methodology has major drawbacks including being labor intensive,
undercounting hand hygiene opportunities (HHO), Hawthorne effect
and observer bias. The Hawthorne effect overestimates high compli-
ance rates, which are not sustained after the audit ends.10 To over-
come these shortcomings, electronic devices can be used to assess
HH compliance of health care workers (HCWs). Electronic HH moni-
toring includes video-camera monitoring, monitoring and feedback
using employee badges with radiofrequency, and other wearable
technology that provides HH reminders. The mean HHOs observed
with electronic method is almost 800 times more compared to direct
observation methodology.9

This study investigates the effect of a single intervention of HH
monitoring with video-camera, education, and feedback on HH
behavior of HCWs in NICU in a tertiary care center in Istanbul,
Turkey.
ocation of the rooms, video camera
METHODS ANDMATERIALS

Setting

Marmara University Pendik Research and Training Hospital is
650-bed tertiary care center in Istanbul. The study was conducted in
the 14-bed NICU of the hospital. All HCWs with direct patient contact
or with the patient environment (physician, nurse, housekeeping)
were included in the study. A video camera surveillance system was
in place in all NICU rooms since 2018. Five cameras visualizing the
whole room, sinks and alcohol-based hand rub dispensers (Fig 1).

Study design and participants

We designed an interventional quasi-experimental before-after
study with interrupted time series analysis. The research took place
in NICU from July 2019 to June 2020. We included nurses, attending
physicians, resident physicians, environmental services staff, and
medical assistants who work in NICU.

Data collection

Seven, trained HH observers participated in the study. These
observers achieved at least 80% concordance before the study. The
HH observers monitored the video footages by means of HH behavior
according to WHO HH observation guideline.11

HH compliance data was collected using a mobile app (SpeedyAu-
dit Version 89, HandyMetrics Corporation). HH monitoring was per-
formed from randomly selected periods of 20 minutes of footage in
three shifts consisting of morning (08:00 AM-04:59 PM), afternoon
(05:00 PM-11:59 PM) and night (12:00 AM-07:59 AM) for each data
collection period.
s and hand hygiene materials in NICU.



Fig 2. Flow diagram of the study.
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All HCWs in the room during the 20 minute observation period
were monitored for HHOs. Each HHO was stratified as compliant or
noncompliant and was classified according to the three of WHO’s My
5 Moments for HH: before touching a patient (moment 1), after
touching a patient (moment 4), and after contact with the patient’s
environment (moment 5). HH moments before an aseptic task
(moment 2) and after body fluid exposure risk (moment 3) were not
included due to resolution of video camera surveillance system.
HCWs could comply by using either soap and water or alcohol-based
handrub solution. Presence of gloves in noncompliant moments were
recorded. Due to low resolution of the video camera system, profes-
sions of HCWs could not be identified and recorded. All the data were
automatically loaded into database organized chronologically by
room and shifts of the day.

The HCWs in the unit were aware of the video camera surveil-
lance system and were informed that video cameras were used to
monitor HH behavior only, without violating any patient or employee
privacy. The collected data did not include any patient or employee
identifying information. A waiver of informed consent was issued by
the Marmara University School of Medicine Institutional Ethical
Review Board (IRB#: 09.2019.710).

Compliance was calculated as [(total number of compliant HHOs
across all subjects) / (total HHOs for all subjects)] £ 100. Missed HH
with glove use was calculated as [(total number of missed HHOs with
gloves on) / (number of missed HHOs)] £ 100. Indications per minute
was calculated as [(total number of HHOs/total minutes of observa-
tion)].

Baseline period (Preintervention)

We observed the HH behavior of HCWs using the video camera
surveillance for four weeks starting on July 2019-August 2019. Dur-
ing this period no HH compliance feedback was given to the staff.
This gave us the baseline HH compliance rates of NICU.

Intervention

The intervention took place in December 2019. We reported
baseline HH compliance rates during meetings with NICU staff.
All investigators, nursing, and physician leaders and environmen-
tal services staff of NICU were present in the meetings. During
these meetings infection control measures, examples of common
HH mistakes the team made were emphasized. For that purpose,
we designed 6 scenarios explaining HH indications, glove use and
the optimal workflow to increase HH compliance rates. Video
recording of these scenarios were made. A pilot video was shown
to a focus group of NICU workers to assess the clarity of the mes-
sages. These videos were shown to the HCWs during the meet-
ings. Meetings were carried out in an interactive fashion with
questions, answers and feedback from the HCWs and investiga-
tors. In addition to these HCWs, new staff were hired after the
intervention period. However, these newly hired HCWs only
received standard infection control education, not the interven-
tion. This standard education program includes sessions regarding
hand hygiene and glove use in the NICU, which is routine pre-
employment process for new NICU HCWs. Infection prevention
nurses also carry out routine HH audits in NICU. However, during
the study period, HH audit sessions were discontinued since it
would produce observer bias. The investigators then conducted
HH observation from December 2019 to February 2020, for 6
weeks after the intervention.

Sustainability of the intervention (Maintenance)

We measured HH compliance rates for 4 weeks from June to July
2020, 24 weeks after the intervention, to investigate the sustainabil-
ity of the intervention. During these 24 weeks, newly recruited
HCWs joined the NICU team. They received no intervention other
than standard orientation education from the hospital infection pre-
vention and control team. Figure 2 presents a flow diagram of the
design and measurements of the study. The maintenance period
coincided with the beginning of COVID-19 pandemic period in Tur-
key.

Sample size

We used G-power program for sample size calculation. With a
power of 90%, 0.05 type I error rate and an anticipated 10% absolute



ARTICLE IN PRESS

4 H. Bilgin et al. / American Journal of Infection Control 00 (2023) 1−6
increase in HH compliance from a 40% baseline rate, we planned to
record 538 HHOs for each period (1,614 HHOs total).

Outcomes

The primary outcome was change in total HH compliance rate, in
the postintervention period compared to the before period, and in
the maintenance period compared to the before period. The second-
ary outcomes were indications per minute, missed HH with gloves
on, compliance before touching a patient, after touching a patient,
and after contact with the patient’s environment, with each compari-
son as per the primary outcome.

Statistics

To evaluate the impact of the intervention, HH compliance rates
were tested as an interrupted time series with a segmented regres-
sion, and if the Durbin-Watson test for autocorrelation was signifi-
cant, we used an autoregressive term for errors. The time series was
divided in to three segments: before the intervention, after the inter-
vention, and 24 weeks after the intervention. HH compliance rates of
the non-intervention employee group were compared with the base-
line period. The primary outcome and indications per minute were
analyzed as rates per day. All other outcomes were analyzed using an
average percentage over 4 days.

We analyzed the categorical variables using chi-square and
Fisher-exact tests, and continuous variables using Mann-Whitney U
test or t test based on distribution of the data. Statistical analyses
were performed using SAS 9.4 (SAS Institute Inc.).

RESULTS

During the study, we performed 97 29 video monitoring sessions
accounting for 1,940 minutes of video footage. Overall, we identified
a total of 8335 HHOs. During the 4 preintervention weeks, we
Fig 3. The indications per minute by study timeline. The colored shapes indicate the diffe
observed 3,127 HHOs, of which 1,383 (44.2%) were classified as com-
pliant. In the postintervention phase there were 4,031 opportunities,
of which 2,353 (58.4%) were compliant. Finally, in the maintenance
phase we observed 760 opportunities, of which 410 (54.0%) were
compliant. The compliance rate of HCWs who received the interven-
tion was 53.9% in the maintenance period. Meanwhile the compli-
ance rate of newly recruited HCWs who did not receive the
intervention was 51.5% in the maintenance period.

Interrupted time series analysis of indications per minute showed
no difference at the time of intervention (increase of 0.32, 95% CI
[-0.12-0.76]) and no change in slope postintervention (-0.019, 95% CI
[-0.044-0.005]) when compared to baseline. There was a statistically
significant decrease in the indications per minute at the start of the
maintenance period (-0.50, 95% CI [-0.99-0.02]), with no change in
slope during the maintenance period (Fig 3). There were non-signifi-
cant increases in the total daily compliance rate (9.0%, 95% CI [-2%-
20%]) at the time of intervention and after the intervention (0.26%,
95% CI [-0.31%-0.84%]) (Fig 4). The hand hygiene compliance before
patient contact significantly increased (19.8%, 95% CI [4.8%-34.8%]).
Hand hygiene compliance of moments 4 and 5 did not change during
the study period. Incorrect glove use rate did not significantly
decrease at the time of intervention (-3.4%, 95% CI [-13.4%-6.7%]).
Newly recruited HCWs compliance rates were compared with the
maintenance rates of the intervention group. Overall compliance rate
was similar to the intervention group (data not shown).
DISCUSSION

Summarizing the main results

In this interventional quasi-experimental study in a NICU, we
observed a statistically nonsignificant improvement in the overall HH
compliance after a scenario-based education intervention. Rate of
missed HH with glove use did not change; however, HH moment 1
(before patient contact) and indications per minute significantly
rent phases of the study. Lines indicate the trend line of the indications per minute.



Fig 4. The hand hygiene compliance rates of the intervention group by study timeline. The colored shapes indicate the different phases of the study. Lines indicate the trend line of
the hand hygiene compliance rates.
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increased. Indications per minute decreased in the maintenance
period. HH compliance and incorrect glove use were not different
between baseline and the maintenance period.
Previous hand hygiene studies in our medical center

A study performed in adult intensive care units of our hospital
showed that the overall HH compliance rate was 40.6%. This study
revealed that despite regular HH trainings that HCWs received, they
did not consistently implement HH moments in daily practice. While
compliance is low, it still could be an overestimation since audits
were done using direct observation, which is prone to the Hawthorne
effect.12 A study in our NICU in 2013 collected 704 HHOs, with and
overall compliance rate of 37%.13 Our baseline compliance rate was
44.1%, similar to previous measurements.
NICU studies on hand hygiene and electronic monitoring technologies

In a study conducted at a NICU in a tertiary care center, the base-
line HH compliance rate was 46% and improved to 69%, using direct
obsservation, after education, reminders, and audit and feedback.14

Raskind et al showed that a high compliance rate of 89% before an
intervention which increased up to 100% after the intervention.15 In
both studies, the authors suggested that improvements resulted from
educational interventions and Hawthorne bias.14,15 Video camera
recordings were also previously used to assess hand hygiene compli-
ance in NICUs. Brown et al showed that hand washing compliance
was 23.6% using random video footage from nursing shifts for a 2-
month period.16 Shah et al used a motion activated video cameras
above hand washing stations and found that 15% of the hand washing
procedures were unacceptable according to WHO’s hand hygiene
protocol.17 A meta-analysis of HH interventions in NICUs concluded
that individual- or group-level performance feedback was crucial to
improving HH compliance.18
Armellino et al showed improvement in HH compliance from 6.5%
to 81.6% after real time feedback to HCWs using remote video camera
monitoring.19 This increase was maintained during the 75 week
study period, with a compliance rate of 87.9%. Carillo et al measured
HH compliance using video camera footage in a hemodialysis unit
and designed an intervention with feedback and education using
compliant and noncompliant video samples. The HH compliance
increased by an average of 30.6% after the intervention.20
The effect of the intervention in our study

In the preintervention phase, HCWs were informed about the
cameras and HH audits. However, during the preintervention phase
there was no change in the HH behavior. The total compliance rate
was low (44.1%), in line with other studies. After the intervention,
overall HH compliance rates and incorrect glove use did not signifi-
cantly improve, but compliance to moment 1 (before patient contact)
showed a significant improvement. We believe that continuous feed-
back using and repeated education sessions would likely be neces-
sary to achieve a sustained and clinically meaningful effect.21
Effect on glove use

Despite repetitive training, HCWs may misuse gloves when a
hand hygiene indication arises, for example by removing them and
not performing hand hygiene, thus increasing the risk of cross con-
tamination. In our study, the rate of missed hand hygiene with gloves
on declined from 11.8% to 8.0% after the intervention. However, in
the maintenance period the rate increased back to baseline level.
Similarly, a prospective observational study from France measured
the misuse of gloves in ICUs as 64.4%.22
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Strengths and limitations

Strengths of the study include analysis of a large volume of HH
behavior, in line with other studies,23,19 use of electronic monitoring
to decrease the Hawthorne effect from direct personal observation;24

and ability to design a focused intervention based on an appreciation
of NICU workflow.

Limitations include lack of real-time feedback to HCWs and inabil-
ity to evaluate HH compliance at moments 2 (before an aseptic task)
and 3 (after body fluid exposure risk). However, studies suggest that
moments 1, 4, and 5 provide the majority of HHOs and suffice for
estimating total compliance.25 We could not calculate HH compliance
rates of different professions, which may differ, although studies have
shown similar compliance levels among nurses, physicians and radi-
ology technicians.16 Another limitation is the impact of COVID-19 on
the maintenance period, which may have confounded our findings if
glove use increased and appropriate HH decreased. We were not able
to measure the burden of COVID-19 patients in the unit during the
maintenance period.

In summary, our study found that HH monitoring using video
camera footage combined with an intervention including feedback,
interactive meetings, and education improved hand hygiene compli-
ance non-significantly. These small improvements were not sus-
tained in the long term follow up. More frequent feedback and
education may be required to sustain high HH compliance.
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