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Methods: This prospective study was conducted in eleven nursing homes in Taiwan from
January 2015 to December 2016. After intervention, we monitor the compliance, and accuracy
of hand hygiene. In addition, we also calculated the number of episodes of infection per 1000
resident-days in each nursing home in the intervention period (JulyeDecember 2015) and post-
intervention period (JanuaryeOctober 2016).
Results: Overall, the consumption of alcohol-based handrubs increased from 10.1 ml per
resident-day in intervention period to 12.2 ml per resident-day in post intervention period.
The compliance of hand hygiene increased from 74% in intervention period to 79% in post-
intervention period and the rate of correct hand hygiene increased from 81% in intervention
period to 87% in post-intervention period. Most importantly, the infection density decreased
from 2.39 per 1000 resident-day in intervention period to 1.89 per 1000 resident-day.
Conclusions: A national quality-improvement program using WHO’s hand-hygiene strategy to
enhance hand hygiene and reduce healthcare associated infection is effective in nursing homes
in Taiwan.
Copyright ª 2018, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Nursing home provides most of the post-acute care and
long-term care in this era of aging. Within this environ-
ment, approximately 2 million infections can occur each
year and more than one-third of residents can colonize
multidrug-resistant organisms (MDRO).1 In Taiwan, two
recent surveillance investigations showed that MDROs,
especially methicillin-resistant Staphylococcus aureus are
prevalent in both of the residents and the environments in
long term care facility.2,3 To prevent and control the
infection in nursing home, several measures including
surveillance, hand hygiene, isolation precautions, educa-
tion, and antibiotic stewardship are developed. Among
these intervention, hand hygiene is the essential and the
most important infection control measure in nursing
homes.1,4

In a France study,5 the implementation a bundle of
hand hygiene-related measures in nursing home over one
years was associated with significantly lower mortality
(2.10 vs 2.65 per 100 residents per month, respectively;
P Z 0.003) and antibiotic prescriptions (5.0 vs 5.8 defined
daily doses per 100 resident days, respectively;
P < 0.001). Another randomized, matched pair pilot study
in 10 Colorado nursing homes found that a multifaceted
hand-washing/surface cleaning intervention was signifi-
cantly associated with reduction in surface bacterial
counts and nonsignificant reductions in total infections
and lower respiratory tract infections.6 Moreover, Assab
et al.7 found increasing hand hygiene compliance can help
control the spread of norovirus in nursing home. However,
the compliance of hand hygiene in nursing homes is very
low in Taiwan. Previous study8 observed 722 opportunities
for hand hygiene in two nursing homes and found the
overall hand hygiene compliance among nursing staff was
only 11.3%. Thus, this prospective study was conducted to
find out the cause of hand hygiene deficit, and further
implement a quality improvement program to enhance the
compliance of hand hygiene in the nursing home in
Taiwan.
Methods

Setting

This quality improve program was prospectively conducted
from January 2015 to December 2016. This program was
based on WHO multimodal strategy for improvement of
hand hygiene, and included the five major components - (i)
system change, including access to alcohol-based handrubs;
(ii) healthcare workers’ training and education; (iii) moni-
toring and feedback on practices; (iv) visual reminders in
the workplace; and (v) institutional patient-safety
climate.9 After obtaining the approval of the Institutional
Review Boards, 31 nursing homes applied for joining this
program initially, and only 11 nursing homes was approved
for be enrolled into study. Three of them located in
northern Taiwan, four in middle Taiwan, and four in
southern Taiwan (Fig. 1). After the selection of 11 nursing
homes, the questionnaires regarding the knowledge of hand
hygiene and infection control measures were delivered to
the healthcare worker for investigation. In addition, the
infection control experts including infection specialist and
infection control nurse visited each nursing home to realize
what the deficits are, and find the way to improve.
Multidisciplinary interventions

During the initial study period (January 2015 to June 2015,
pre-intervention period), we instituted an education pro-
gram regarding hand hygiene for healthcare workers and
then periodically evaluated the effectiveness of the pro-
gram. Monitoring hand hygiene compliance and accuracy
were also conducted. Compliance was defined as the fre-
quency of the number of performed action to the number of
hand hygiene opportunity. We defined an opportunity as
the occurrence of any indication during the observed care
sequences including before touching a patient, before
clean/aseptic procedure, after body fluid exposure risk,
after touching a patient, and after touching patient
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Figure 1. The location and bed number of 11 nursing homes, designated A01-A11, in Taiwan.

Hand hygiene in nursing homes 347
surroundings. An action with correct hand hygiene tech-
niques must satisfy the following criteria: (1) rub hands
with 6-step hand hygiene techniques; and (2) duration of
the rub procedure lasts for 15 s at least.10 Regular meetings
between infection control experts and representatives of
the 11 nursing homes were conducted every three months
to monitor the progress of the intervention programs. We
also calculated the number of episodes of infection per
1000 resident-days in each nursing home in the intervention
period (JulyeDecember 2015) and post-intervention period
(JanuaryeOctober 2016).

Statistical analysis

Differences in compliance of hand hygiene, rate of correct
hand hygiene, and consumption of alcohol-based han-
drubs, and infection density in each nursing home be-
tween the intervention and post-intervention periods
were evaluated using the Pearson chi-square test. A
P value < 0.05 was considered to represent statistical
significance. All statistical analyses were conducted using
the statistical package SPSS for Windows (Version 11.0,
SPSS, Chicago, Il, USA).
Results

Study subjects

A total of 11 nursing homes were enrolled in this study
(table). The beds of these nursing homes ranged from 50 to
200 beds, and all of them can provide daily care for the
residents with indwelling nasogastric tube, tracheostomy
and Foley catheter. Based on the finding of questionnaires
investigation from 211 healthcare workers, 6.2% did not
know exactly the five movements of hand hygiene, 3.3%
believed the ring on the hand would not affect hand hy-
giene, about 30% thought that alcohol-based handrubs
remained effective against Clostridium difficile, entero-
virus and norovirus, and 10.4% felt that hand hygiene was
not required before contacting residents. Regarding
knowledge about the duration of the entire procedure,
85.5% and 84.8% had the correct answer for handwash and
handrub, respectively. The causes of lack of hand hygiene
were reportedly including too busy, far away from hand
hygiene apparatus, having gloves, and discomfort after
using hand sanitizer. After well education, the overall
knowledge level significantly increased from 77% to 97%
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(p < 0.001). To report specifically, the knowledge about
five movements of hand hygiene, environmental surveil-
lance, infection control measure for multi-drug resistant
organism, quality-improvement concept had improvement
after education (Table 1).

Initially, the infection control experts found three main
deficits of hand hygiene in nursing homes including the
hand hygiene apparatus was not enough, the knowledge
and the behavior were not adequate, and lack of manage-
ment of equipment for hand hygiene. Based on the finding
of on-site visits, we found that 71.2% of beds met the
standard requirements of hand hygiene in healthcare
setting; however, most of the hand sanitizers were located
outside of the rooms. Despite 97% of public spaces, such as
restaurants and visiting areas have handwashing facilities,
only 48% of clinical care units, including rehabilitation units
and treatment unit had these facilities. After introducing
this program, the shortage of hand hygiene apparatus
decreased from 18% (intervention period) to 8% (post-
intervention period), the effective management of hand
hygiene equipment increased from 2% to 22%, and the lack
of adequate knowledge and appropriate behavior
decreased from 9% to 4%. Additionally, 87.5% have
improved their handwashing facilities.

The resident-day was 2753 and 2771 in the intervention
period and post-intervention period, respectively. Overall,
the consumption of alcohol-based handrubs increased from
per resident-day in intervention period to per resident-day
in post intervention period. Despite we observed the
increasing consumption of alcohol-based handrubs in nine
nursing homes, two nursing home showed the decreasing
use of alcohol-based handrubs after intervention. More-
over, the amount of alcohol-based handrubs per resident-
day varied in each nursing home, ranged from less five ml to
Table 1 The knowledge level of hand hygiene among 211
healthcare workers during intervention period and post-
intervention period.

Knowledge
aspects

Correct percentages P values

Intervention
period

Post-intervention
period

Five movements of
hand hygiene

74% 92% <0.05

Environment
surveillance
and cleaning
process

77% 99% <0.05

Multidrug-
resistant
bacteria and
infection
control
measures

92% 96% 0.127

Concepts of
quality
improvement
process

63% 88% <0.05

Overall 77% 97% <0.05
more than 30 ml (Fig. 2). Overall, the use of alcohol-based
handrubs among these nursing homes increased from
10.1 ml in the intervention period to 12.2 ml in the post-
interventional period (p < 0.05).

Although the compliance rate of hand hygiene for all
nursing home increased from 74% in intervention period to
79% in post-intervention period (p < 0.05) (Fig. 3), the rate
of correct hand hygiene increased from 81% in intervention
period to 87% in post-intervention period (p < 0.05) (Fig. 4).
Most importantly, the overall infection density among
eleven nursing homes decreased from 2.39 per 10,000
resident-day in intervention period to 1.89 per 10,000
resident-day (p < 0.05).
Discussion

After introduction a multifaceted quality-improvement
program in 11 nursing homes in Taiwan, several improve-
ment regarding infection control have been achieved.
Through the education program and improve the associated
equipment, the compliance of hand hygiene increased from
74% in intervention period to 79% in post-intervention
period. In addition, the rate of correct hand hygiene
increased from 81.2% in intervention period to 87% in post-
intervention period, and the consumption of alcohol-based
handrubs increased from per resident-day in intervention
period to per resident-day in post intervention period. All
of these findings indicate that the behavior of hand hygiene
is definitely enhanced in terms of compliance, correction,
and utilization. These findings are consistent with previous
studies11e20 in different settings, including intensive care
units, emergency departments, and acute hospitals that
hand hygiene can be significantly improved after multidi-
mensional interventions. Based on our study, a multimodal
hand hygiene improvement program is feasible and effec-
tive for the promotion of had hygiene compliance in nursing
home.

Improvement in hand hygiene has been reportedly
associated with reducing nosocomial infections. In this
study, the infection density decreased from 2.39 per 10,00
resident-day in intervention period to 1.89 per 10,00
resident-day. A similar decrease in healthcare associated
infection (HAI) rate was reported in a tertiary hospital in
Taiwan wherein the implementation of the WHO multi-
modal strategy resulted in significantly increasing hand
hygiene compliance increased from 62.3% to 73.3%, and
decreasing overall HAI decreased from 3.7% to 3.1%, urinary
tract infection rate decreased from 1.5% to 1.2%, and res-
piratory tract infection rate decreased from 0.53% to 0.35%,
respectively.16 The results of another three-year study with
multiple sequential interventions showed significant
hospital-wide improvement in hand hygiene compliance
from 41% to 87% and infection control from 4.8 to 3.3 per
1000 inpatient days.21 Therefore, hand hygiene plays a
critical role of infection control, and its improvement can
help prevent nosocomial infections, thereby ensuring pa-
tient safety.

In this program, we used the method based on WHO
multimodal strategy for improvement of hand hygiene.
Initially, we did a questionnaire survey and on-site inves-
tigation to find what the deficits are. Most of nursing homes



Figure 2. The daily consumption of alcohol-based handrubs in each and all nursing homes before and after intervention. Though
the consumption of alcohol-based handrubs varied in nursing homes, their average usage increased from 10.1 ml in the intervention
period to 12.2 ml in the post-interventional period (p < 0.05).

Figure 3. The compliance rate of hand hygiene in each and all nursing homes before and after intervention. The average
compliance rate increased from 74% in intervention period to 79% in post-intervention period (p < 0.05).
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did not have enough hand hygiene apparatus, and the
knowledge level and the behavior of hand hygiene among
healthcare workers were not adequate. Then, recommen-
dations to improve the equipment and environment of hand
hygiene were made by the experts, and training and edu-
cation courses for the promotors of hand hygiene program
in the institutions were provided. Finally, regular perfor-
mance assessment and feedback persisted. In the end, we
observed this program is effective for enhancing hand hy-
giene. Based on the present report, our findings indicate
that both software and hardware of hand hygiene are not
enough in the nursing home in Taiwan. It further suggests
that the government should provide persistent education to
enhance the knowledge and economic support to improve
the hand hygiene program. This finding is in line with a
global study9 that compliance increased from 51.0% (95% CI:
45.1%e56.9%) of 21,884 hand-hygiene opportunities before
the intervention to 67.2% (61.8%e72.2%) of 23,746 oppor-
tunities after implementation of WHO’s hand-hygiene
strategy.

In this study, the interventions applied in different in-
stitutes varied and were at the discretion of their



Figure 4. The accuracy rate of correct hand hygiene in each and all nursing homes before and after intervention. The average
accuracy rate increased from 81% in intervention period to 87% in post-intervention period (p < 0.05).
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institutional director. Though the up-take rate of alcohol
consumption in individual institution is not directly related
to the infection density, which may be influenced by many
factors, such as the variations of inhabitant numbers, per-
formance quality of hand hygiene programs, and weighting
of prevalent influenza or air-borne respiratory infections,
the overall infection density among participating nursing
homes declined significantly after this program.

Although the results of this study add value to the
available literature on the link between hand hygiene
practices and infection control in nursing home, there were
several limitations. First, only 11 nursing homes were
enrolled in this surveillance, so our findings may not be
generalized to other nursing homes. However, these 11
nursing homes were located in different parts of Taiwan
and had different sizes. Thus, our findings should be
representative. Second, we did not record the causes of
poor compliance and incorrect hand hygiene, so we cannot
analysis which is the weak point. Finally, we cannot totally
exclude the Hawthorne effect in this investigation. Further
studies are warranted to elucidate these causes and find
the resolution to improve.

In conclusion, a national quality-improvement program
using WHO’s hand-hygiene strategy to enhance hand hy-
giene and reduce healthcare associated infection is effec-
tive in nursing homes in Taiwan.
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