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Objective: To describe nurse hand hygiene practices in the home health care (HHC) setting, nurse
adherence to hand hygiene guidelines, and factors associated with hand hygiene opportunities during
home care visits.
Design: Observational study of nurse hand hygiene practices.
Setting: and Participants: Licensed practical/vocational and registered nurses were observed in the
homes of patients being served by a large nonprofit HHC agency.
Methods: Two researchers observed 400 home care visits conducted by 50 nurses. The World Health
Organization’s “5 Moments for Hand Hygiene” validated observation tool was used to record opportu-
nities and actual practices of hand hygiene, with 3 additional opportunities specific to the HHC setting.
Patient assessment data available in the agency electronic health record and a nurse demographic
questionnaire were also collected to describe patients and nurse participants.
Results: A total of 2014 opportunities were observed. On arrival in the home was the most frequent
opportunity (n ¼ 384), the least frequent was after touching a patient’s surroundings (n ¼ 43). The
average hand hygiene adherence rate was 45.6% after adjusting for clustering at the nurse level.
Adherence was highest after contact with body fluid (65.1%) and lowest after touching a patient (29.5%).
The number of hand hygiene opportunities was higher when patients being served were at increased risk
of an infection-related emergency department visit or hospitalization and when the home environment
was observed to be “dirty.” No nurse or patient demographic characteristics were associated with the
rate of nurse hand hygiene adherence.
Conclusions and Implications: Hand hygiene adherence in HHC is suboptimal, with rates mirroring those
reported in hospital and outpatient settings. The connection between poor hand hygiene and infection
transmission has been well studied, and it has received widespread attention with the outbreak of SARS-
CoV-2. Agencies can use results found in this study to better inform quality improvement initiatives.
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Infection is a significant cause of morbidity and preventable
deaths, can have emotional consequences for patients and their
family, and is associated with high health care costs.1 Infection pre-
vention and control is a top priority across health care settings to
ensure high quality of care and patient safety.2 Hand hygiene to reduce
pathogen transmission and prevent infections is one foundational
approach for effective infection prevention and control.3 The Centers
for Disease Control and Prevention (CDC) and World Health Organi-
zation (WHO) have published guidelines for hand hygiene in health
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care settings.1,4 Improving adherence to hand hygiene recommenda-
tions has become an important goal for health care organizations5 and
received significant additional attention with the outbreak of SARS-
CoV-2.6,7

Most hand hygiene studies to date have been conducted in the
inpatient and emergency department settings, with limited evidence
in post-acute care settings such as nursing homes.8 Only 1 study, an
observation study of practices, has been conducted in an Australia
home health care (HHC) setting.9 Findings indicated a 59.2% hand
hygiene adherence rate, but this study was limited by a small sample
size (8 nurses, 40 HHC visits).

HHC includes skilled, largely post-acute care provided in the pa-
tient’s home environment. Use of HHC has increased over the past
decade to meet the health care needs of the growing aging population
and as a result of incentives to discharge patients from the hospital
sooner.10,11 US HHC spending reached $102.2 billion in 2018,12 which is
up 30% compared with home health spending 5 years ago. The Centers
for Medicare & Medicaid Services projects home health spending rate
to surpass all other care categories in the next 10 years.11 Compared
with hospital and nursing home settings, nurses in HHC work under
less direct supervision, changing environments, and with limited
space and resources. To address the gap in our understanding of HHC
practices, we observed HHC nurses’ hand hygiene adherence over a
large number of nurses and patient visits and examined factors
associated with hand hygiene adherence.

Methods

Sample and Settings

This study was conducted in a large, US nonprofit certified home
health agency serving both urban and suburban neighborhoods, with
approximately 100,000 new patient cases and more than 1 million
home visits per year. Observations were conducted in the homes of
patients whowere admitted to the adult acute care program. The Joint
Commission suggests a minimum of 200 opportunities for hand hy-
giene as appropriate for meaningful comparisons.13 A targeted sample
size of 50 nurses (licensed practical or vocational and registered
nurses) and 400 observations (8 patient visits per nurse) was selected
to provide adequate statistical power to estimate nurse adherence
rates and associated characteristics.

Nurses were recruited with purposive sampling to ensure variation
in geographic location and level of experience in HHC. Nurses were
informed that the study team was interested in infection control and
prevention in HHC but were not told specifically what infection con-
trol and prevention activities were going to be recorded. Patients were
alerted that a researcher would be accompanying the nurse on the
visit and gave verbal agreement in advance. Observers confirmed
patient agreement on arrival to the home. The institutional review
boards at the study agency and collaborating academic partner
reviewed and approved the study protocol.

Observations Tools

The research team used 2 observation checklists. The hand hygiene
observation checklist includes 8 moments that trigger an opportunity
for transmission of pathogens (or microorganisms that may cause
infection) and the need for hand hygiene. Five of the 8 opportunities
for hand hygiene were taken directly from the WHO “5 Moments of
Hand Hygiene” checklist14,15dthese include “Before patient contact,”
“Before aseptic task,” “After body fluid exposure risk,” “After patient
contact,” and “After contact with patient surroundings.” The WHO 5
Moments have been validated and implemented globally and are
considered the minimal essential moments. Instructions on the
checklist suggest observing other moments important to protecting
the “patient zone.”16 The 3 additional opportunities are home
careespecific and based on home health industry guidelines.17,18 They
are “Upon arrival in home,” “Before leaving patient’s home,” and
“Before accessing clean compartment of nursing bag.” Observers used
the checklists to record when they witnessed one of these moments
and hand hygiene adherence related to that moment. Hand hygiene
adherence was noted if the nurse either completed handwashing with
soap and water or used an alcohol-based hand rub. An 8-item home
environment checklist was also developed based on a review of the
literature to identify barriers that could hinder a clinician’s ability to
practice hand hygiene or distract them from achieving best practices
when providing care in the home setting.19e22 The barriers include
poor lighting, clutter, infestations, pets, no running water, unruly
children, dirty environment, and poor patient hygiene as assessed by
the visiting observer.

Other Data Collected

Observation data were supplemented by a nurse demographic and
work history survey along with data from the Outcomes Assessment
and Information Set (OASIS), a standardized patient assessment
required for all Medicare-certified HHC agencies nationwide by Cen-
ters for Medicare & Medicaid Services. The OASIS measures several
domains of HHC patient characteristics including sociodemographic,
medical history, health status, environmental, support system, and
functional status.

A patient-level propensity for 4 types of infection (respiratory,
urinary tract, wound, and intravenous cathetererelated) that could
lead to an emergency department visit or hospitalization during the
HHC admissionwas obtained by extrapolating a predictive model onto
the OASIS data for patients served by nurses in this observation study;
here on termed “propensity of infection.” The methodology for the
predictive model and risk stratification have been described by this
team elsewhere.23

Training of Observers

Two researchers were trained by the investigators and the agency
educators to observe hand hygiene and other infection prevention and
control practices. Training included orientation to the WHO “Mo-
ments for Hand Hygiene” observation tool, reviewing WHO- and
agency-produced training videos14,15 and attending agency skills
laboratory classes. The videos cover topics including basic hand hy-
giene, bag technique, wound care, and urinary catheter insertion.
Interrater reliability was tested and achieved firstly through using the
observation tool to rate videos of HHC visits, followed by 2 joint field
visits (Kappa ¼ 1; 100% agreement). The observers completed an
additional tandem visit halfway through data collection to confirm
consistency.

Analyses

The number of times hand hygienewas completed and the number
of hand hygiene opportunities was tallied for each observation visit.
Adherence rates were estimated from intercept-only regression
models that controlled the nested structure of visits observed for the
same nurse by specifying nurse-level random intercept. A Poisson
model was used for most opportunity types model to account for the
nature of count data by specifying the number of adherent opportu-
nities as the dependent variable and the log number of opportunities
as the offset. Logistic regression was used for opportunity types,
where a maximum of 1 opportunity was observed across all visits.
Eight patients did not have clinical record data available. We imputed
the propensity of infection for these patients based on mean and
model values from the remaining patient sample.



Table 1
Nurse Participant Characteristics (N ¼ 50)

Age, mean (SD) 47.4 (10.6)
Female, n (%) 45 (90)
Race/ethnicity, n (%)
White, Non-Hispanic 13 (26)
Black or African American, Non-Hispanic 22 (44)
Hispanic 5 (10)
Other, Non-Hispanic 10 (20)

Highest level of professional training, n (%)
Licensed practical nurse (LPN)/licensed vocational nurse (LVN) 4 (8)
Associate’s degree in nursing 7 (14)
Bachelor’s degree in nursing 33 (66)
Master’s degree in nursing 6 (12)

Years of experience, n (%)
Years as a nurse, mean (SD) 19.3 (11.7)
Years at study agency, mean (SD) 10.6 (7.8)

Employment status, n (%)
Full-time, salaried 44 (88)
Per diem 6 (12)
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Multivariate regression analyses were used to explore the nurse-
and patient-level characteristics associated with number of hand
hygiene opportunities per visit and rate of adherence to these op-
portunities. Nurse education, patient’s propensity for infection, and
environmental variables were considered for these analyses. We
excluded variables that had bivariate relationships with P value > .2
from likelihood ratio tests from the regression specifications described
below for each dependent variable (not shown here). Several envi-
ronmental variables met the bivariate criteria, but because of high
multicollinearity among environmental variables, only dirty envi-
ronment and patient hygiene were included because they had the
highest F test associated with the opportunity and adherence analysis,
respectively. We compared the effect of the midpoints of each pro-
pensity of infection risk stratification over this nonlinear relationship
and conducted multiple comparison analysis with Bonferroni cor-
rections. The patients’ propensity of infection was forced into the
adherence rate model to control for any patient-level characteristics
that are associated with infection and increased opportunities.

The multivariate adherence rate model is an extension of the
intercept-only models described earlier. We specified a quasi-Poisson
regression to control for the underdispersion observed in this analysis
for both opportunities and adherence rate. The analysis of both
models were conducted using generalized additive models to explore
the nonlinear relationships of the continuous variables in the
study.24,25
Table 2
Selected Patient Characteristics

Patient Characteristics (N ¼ 389) n (%)

Demographics
Age (mean, SD) 73.58 (15.7)
Female 233 (59.9)
Race/ethnicity
White, Non-Hispanic 157 (40.4)
Black or African American, Non-Hispanic 103 (26.5)
Hispanic 98 (25.2)
Other, Non-Hispanic 31 (8.0)

Payer
Medicare only 236 (60.7)
Medicaid only 40 (10.3)
Dual eligible 51 (12.8)
Other 62 (16.2)

Home environmental factors that could
interfere with good infection control
practice: 3 most prevalent conditions

Clutter 158 (39.5)
Poor lighting 155 (38.8)
Dirty 114 (28.5)

Propensity for and Infection-related emergent
care event

Low 139 (35.7)
Moderate 93 (23.9)
High 57 (14.7)
Very high 100 (25.7)

Selected infection risk contributors
Lives with others 238 (61.2)
Multiple hospitalizations in past 12 months 123 (31.6)
Presence of one or more wounds 196 (50.4)
No. of ADL and instrumental ADL dependencies
requiring human assistance, mean (SD)

6.8 (3.3)

Memory deficit 35 (9.0)
Respiratory treatments at home 32 (8.2)
Presence of a urinary catheter 29 (7.5)
Urinary incontinence 110 (28.5)
No caregiver or caregiver unlikely to provide
assistance with medical procedures or treatments
(eg, changing wound dressing)

61 (15.7)

ADL, activities of daily living.
Results

Fifty nurses were enrolled in the study, most of whom (n ¼ 48)
were observed for 8 visits. One nurse was observed for 7 visits and
another for 9 visits. Together, a total of 400 observations of nurse visits
to patients were completed. Nurse and patient characteristics are
presented in Table 1. The majority of nurses (90%) were female, with
an average age of 47 years, and employed on a full-time, salaried basis.
Eighty-eight percent of nurses had a bachelor’s degree in nursing or
higher. Four hundred patient visits were observed across 397 unique
patients; 3 individual patients were cared for by 2 different nurses on
separate visits. Table 2 presents demographic and clinical character-
istics for 389 patients (excluding 8 patients without clinical data). The
majority (60%) were female with an average age of 74 years. Forty
percent of the patients were white non-Hispanic, 27% black non-
Hispanic, 25% Hispanic, and 8% other race non-Hispanic. Forty
percent (n ¼ 157) of patients were found to have a high or very high
risk of developing an infection that would lead to a hospitalization or
emergent care event, according to the propensity of infection risk
prediction model. Some of the specific characteristics contributing to
the risk level are also presented in Table 2.

A total of 2,014 hand hygiene opportunities were observed across
the 400 visits, an average of 5 (variance ¼ 2.2) opportunities per visit.
The unadjusted average opportunity-level hand hygiene adherence
rate was 47.6% [95% confidence interval (CI) ¼ 45.4, 49.8]. After
adjusting for clustering at the nurse level, the average adherence rate
was 45.6% (95% CI ¼ 41.3, 50.4) (see Figure 1). The most frequently
observed opportunities for hand hygiene were on arrival to the pa-
tient’s home (n¼ 384), before patient contact (n¼ 372), after touching
a patient (n ¼ 349), and before leaving the patient’s home (n ¼ 348).
Adherence was highest (65.1%) after removing gloves when the pro-
cedure included contact with body fluid and lowest after touching a
patient (29.5%). Adherence to the home careespecific moments were
60.1% on arrival, 49.6% before accessing clean compartment of nursing
bag, and 48.4% before leaving. The wide CIs for on arrival and before
leaving the patient’s home suggest there is wide variability in the
nurses’ hand hygiene practice in this study.
Drivers of Hand Hygiene Opportunities and Nurse Adherence

Regression analyses (Table 3, left side of panel) indicated that the
average number of hand hygiene opportunities increased by 1.08
(P < .01) when a patient was observed to live in a dirty environment
compared with those who did not live in a dirty environment after
controlling for the patient’s propensity for infection. Further, the
patient-level propensity for infection was strongly positively



Fig. 1. Nurse-level hand hygiene rate by opportunity. Estimates are obtained from the intercept in either a Poisson or logistic specification in the generalized linear model where
nurses are defined as a random intercept. All adherence types are specified as Poisson; except logistic regression was used for on arrival in home, after touching surroundings, and
before leaving surroundings opportunity types because a maximum of 1 opportunity was observed across all visits. Each estimate of adherence rate shown above is translated back
from the link function to a probability. In parentheses, the following notation is used: ON, the number of nurses with at least one hand hygiene opportunity present at a visit; AO,
number of hand hygiene adherent opportunities; O, number of opportunities observed.
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associated (P < .01) with the hand hygiene opportunity rate after
controlling for dirty environment. Figure 2 demonstrates that as the
propensity for infection increases (x-axis), the log opportunity rate (y-
axis) also increases, leveling off through very high risk. The shading is
provided for reference to describe the level of propensity for infection
risk. Although the very high risk makes up only 25% of this population,
it has the most variability, indicated by each hash on the axis repre-
senting one patient’s propensity for infection. A patient identified as
having a high risk of an infection-related outcome had on average 0.38
more hand hygiene opportunities per visit than a patient at low risk
(P < .01). Similarly, a patient identified as having a very high risk of an
infection-related outcome had an average of 0.63 (P < .05) more hand
hygiene opportunities on average than a patient whowas identified as
low risk.

Although higher levels of nurse professional training and pro-
pensity for infection risk were associated with higher rates of hand
hygiene adherence in bivariate analysis, these findings did not hold in
Table 3
Drivers of Hand Hygiene Opportunities During Home Care Visits and Nurse Hand Hygie

Regression of Hand Hygi

IR (95% CI)

Intercept 4.88
Education (BSN/MSN vs associate/LPN) N/A
Dirty environment (vs not dirty) 1.08z (1.023, 1.148)
Poor patient hygiene (vs not poor) N/A
Propensity for infectionx djj

BSN, bachelor’s in science nursing; IR, incidence rate; LPN, licensed practical nurse; MSN
*R2 (adjusted) ¼ 0.269, deviance explained ¼ 34.5%, scale estimate ¼ 0.3092.
yR2 (adjusted) ¼ 0.613, deviance explained ¼ 48.0%, scale estimate ¼ 0.3628; control
zP < .01.
xPropensity for infection is treated as a nonlinear spline in the regression analysis of op

freedom were used to describe the relationship. This relationship is displayed in Figure 2
regression analysis of adherence; P < .01.

jjNonlinear specification, see Figure 2.
the multivariate analysis (Table 3, right side of panel). The association
between poor patient hygiene and nurses’ hand hygiene adherence
did not reach our threshold for statistical significance (P ¼ .06; inci-
dence rate ¼ 1.13, 95% CI ¼ 0.995, 1.282).
Discussion

This is the first large-scale study of hand hygiene opportunities and
practices of clinicians in the HHC setting. In this study, we supple-
mented the observation of the opportunities indicated on the basic
WHO tool with 3 hand hygiene opportunities for infection trans-
mission that are stressed in home health practice guidelines.17,18 Two
of thesedon arrival and before departure of the patient’s homedare
critical opportunities for HHC clinicians to introduce or leave behind
contaminants. Bakunas-Kenneley and Madigan reported that 48.4% of
the inside of nursing bags were positive for human pathogens, with
ne Adherence

ene Opportunities* Regression of Hand Hygiene Adherencey

IR (95% CI)

0.392
1.145 (0.897, 1.462)
N/A
1.129 (0.995, 1.282)
1.009 (0.998, 1.021)

, master’s in science nursing; N/A, not applicable.

s for the total number of opportunities as an offset parameter.

portunities using generalized additive models, in which 3.594 estimated degrees for
. In contrast, the propensity for infection is controlled for only as a linear term in the



Fig. 2. Relationship between number of hand hygiene opportunities and probability of
an infection-related emergent care event.
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6.3% of these being multiply antibiotic resistant. Hence, the bags can
serve as an infection-transmitting vehicle between patients.26

The connection between poor hand hygiene and infection trans-
mission has been well studied.1,3 Many guidelines and quality
improvement initiatives have focused on hand hygiene practices and
it has received wide attention with the outbreak of SARS-CoV-2,27,28

yet deficiencies continue to be reported across different care set-
tings. The overall adherence rate in this study was lower than the one
previously published study in an HHC setting9 (45.6% vs 59.2%) and
notably lower than nurse self-report estimates,29 but comparable to
many observation studies conducted in other health care facilities. In a
systematic review of 96 studies examining adherence with hand hy-
giene guidelines among hospital staff, Erasmus and colleagues re-
ported an overall median adherence rate of 40%.5 Hand hygiene rates
among emergency department clinicians reportedly ranged from
�10% to more than 89%,30 rates of service providers in nursing homes
11% to 53%,8,31 and in other ambulatory settings from 14% to 90%.32,33

Full examination of the causes for nonadherence was out of the
scope of this study, but we were able to examine whether selected
patient or nurse factors were related to hand hygiene care practices.
We found that although no factors were directly related to hand hy-
giene adherence, the relationship between the number of opportu-
nities and adherence, as well as factors identified as being related to
the number of opportunities, provides us with useful information to
inform the potential development of interventions. Holding adher-
ence rate constant, the number of nonadherent opportunities in-
creases with the total number of opportunities. We observed a greater
number of opportunities for hand hygiene among patientswith higher
levels of infection risk and among patients who were reported to be
living in a dirty environment. These findings could inform and influ-
ence how HHC agencies think about how they deploy their resources.
HHC agencies could use statistical models to predict which patients
are at the highest risk of infection early in care and assign advanced
nurses who specialize in infection control practices in HHC (eg,
wound, ostomy, and continence nurses). The finding that a dirty home
environment is associated with a higher number of hand hygiene
opportunities is unique to home care service delivery. Further, this
finding adds empirical evidence to a result previously noted in the
infection control literature.9 Mitigation of risk will involve patient and
caregiver education about the relationship of the environment and
infection risk and/or the deployment of additional resources, such as
home attendant services.

The study agency, like most health care providers, conducts annual
infection control training. Nonadherence rates reported here as well
as those reported from other health care settings suggest that there
are shortcomings of traditional training programs, which are largely
the simple distribution and review of written guidelines.34,35 More
effective approaches, such as the integration of simulations, role-play,
along with review of case studies, may be beneficial. Training should
be focused on recommended practices for following hand hygiene
opportunities on arrival to a patient’s home, touching patients, and
moving between touching patients and the nurse bag or other reus-
able equipment. Simulations can help demonstrate more thoughtful
placement and handling of equipment and supplies between care
processes to reduce the number of opportunities for contamination.36
Limitations

This study examined data from direct observation of hand hygiene
practices, which is regarded as the gold standard for assessment but
has known biases,37 including sampling bias arising from recruitment
of nurse volunteers willing to be observed in the field as well as the
days they agree to be observed, the Hawthorne effect that may in-
fluence nurse practice while they are being observed, and potential
observer bias. To minimize these biases, nurses were observed over a
period of several visits and were not specifically informed that hand
hygiene practices were being observed, data collectors received
formal training to ensure consistency in observational methods, and
inter-rater reliability testing was conducted, but it is likely that not all
bias was eliminated. Despite potential shortcomings, direct observa-
tions provide useful information onwhat is happening in practice and
a meaningful way to inform practice improvement initiatives.

Although the single-agency setting for this study represented a
study limitation, nurse participants were recruited from different
practice teams in 5 geographically and demographically different
counties that serves patients across a wide range of socioeconomic
levels and housing situations that would have context for most
agencies. Further, hand hygiene adherence rates were consistent with
those found in other clinical settings. Nevertheless, additional exam-
ination of hand hygiene practices in HHC agencies in other
geographical and organizational settings would improve our under-
standing of the scope of the issue and enhance the generalizability of
our findings.
Conclusions and Implications

Home care environments pose unique operational and environ-
mental challenges to hand hygiene adherence compared to acute care
settings. Clinicians in home care are decentralized and practice
autonomously, serving a largely chronically ill, higheservice utiliza-
tion population. This study provides important data on observed
infection control practices during nursing visits to home care patients,
a setting that exists outside of traditional acute care facility settings.
Although hand hygiene practices in the home care setting were
comparable to those in facility settings, there is clearly room for
improvement. More innovative teaching strategies may offer an op-
portunity to improve care practices and reduce infection transmission
risk.
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