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We observed 354 hand hygiene instances across 41 healthcare workers doffing personal protective equipment at 4 hospital-based 
biocontainment units. We measured the duration and thoroughness of each hand hygiene instance. Both parameters varied substan-
tially, with systematic differences between hospitals and differences between healthcare workers accounting for much of the variance.
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Hand hygiene is a cornerstone of infection prevention. In the 
setting of serious communicable diseases such as Ebola virus 
disease, healthcare workers (HCWs) perform hand hygiene fre-
quently while doffing personal protective equipment (PPE) to 
limit the transfer of contamination. Effective hand hygiene re-
quires appropriate contact time (duration) and coverage of sur-
faces (thoroughness) [1], which should be achieved consistently 
each time hand hygiene is performed. However, our previous 
observations [2] of HCWs doffing high-level PPE in different 
biocontainment units suggest that these parameters may vary 
substantially in practice because of a lack of standardization in 
how hand hygiene is performed across healthcare facilities (al-
lowing differences in the protocols of facilities to contribute to 
variability) as well as a lack of mechanisms for ensuring that 
HCWs adhere to specific hand hygiene techniques (allowing 
differences between individual HCWs to contribute to varia-
bility). Using our previous observations of hand hygiene prac-
tices during simulated patient care in biocontainment units, in 
the present study, we partitioned variance in the duration and 
thoroughness of hand hygiene into that which was uniquely at-
tributable to facilities and to HCWs.

METHODS

We performed a retrospective analysis of the hand hygiene prac-
tices of 41 HCWs during simulations at 4 state-designated Ebola 
treatment centers (sites A–D) in Georgia. In each simulation, a 

single HCW donned high-level PPE, performed a standardized 
clinical task, and then doffed his or her PPE according to insti-
tutional protocol [2]. Ten HCWs participated in the simulations 
at each facility (11 at site A). Most of the participating HCWs 
were nurses (90%), with the remainder including paramedics 
(5%) and HCWs with other roles (5%). All simulations involved 
a trained observer (TO) who used a written checklist to guide 
each HCW through his or her facility’s doffing protocol. At 2 
facilities, the same individual served as the TO for either all or 
nearly all (90%) of the simulations.

Simulations were video-recorded using 1 handheld camera 
and between 2 and 5 stationary cameras, which were later used 
to determine the duration and thoroughness of each hand hy-
giene instance. The duration of a hand hygiene instance was 
defined as the total elapsed time between the moment a HCW 
began rubbing his or her hands with a hand hygiene product 
until the moment his or her hands came apart to begin the next 
doffing step. The thoroughness of a hand hygiene instance was 
defined as the percentage of 6 surfaces across both hands (ie, 
wrists, thumbs, and in between all fingers) that were visibly 
rubbed during hand hygiene.

Hierarchical linear models were created using the lme4 package 
in R statistical software [3]. A 3-level random intercept model was 
constructed separately for the duration of hand hygiene and for 
the thoroughness of hand hygiene. In both models, the lowest-
level units were individual hand hygiene instances (n = 354), 
which were nested within HCWs (middle level units; n = 41), who 
were nested within facilities (highest level units; n = 4). The statis-
tical significance of the variance of each random intercept (ie, the 
variance between facilities and the variance between HCWs) was 
assessed with the lmerTest package [4]. A P value of <.05 was con-
sidered statistically significant. Intraclass correlation coefficients 
(ICCs), which can be interpreted as the proportion of total vari-
ance in an outcome that is attributable to the grouping structure 
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in the population [5], were calculated for the random intercept of 
facilities and of HCWs.

RESULTS

Two facilities (A and D) used alcohol-based hand rub (ABHR) 
exclusively for hand hygiene, whereas site B used ABHR for all 
but the first instance of hand hygiene, for which they used a 
disinfecting wipe. Site C used disinfecting wipes for hand hy-
giene predominantly, using ABHR only once after the inner 
pair of gloves was removed. Site D used automatic alcohol dis-
pensers exclusively for hand hygiene and enforced the duration 
of hand hygiene by having both the TO and healthcare worker 
sing “Happy Birthday” aloud. The median number of hand hy-
giene instances per HCW was similar among facilities, ranging 
from 7 (interquartile range [IQR], 6–7) to 11.5 (IQR, 10–13).

The median duration of hand hygiene at each facility ranged 
from 7.3 (IQR, 4.2–14.9) to 25.5 (IQR, 17.5–32.2) seconds. 
Among the 41 HCWs (Figure 1A), the median duration of hand 
hygiene was 17.4 seconds (IQR, 12.1–23.9). The ICCs from the 
hierarchical linear model (see Supplementary Table 1) suggest 
that 61% of the total variance in the duration of hand hygiene 
was attributable to systematic differences between facilities and 
HCWs, with differences between facilities (42%, P <  .001) ac-
counting for more than double that attributable to differences 
between HCWs (19%, P < .001). Last, we observed TOs occa-
sionally truncating hand hygiene by moving the HCW on to the 
next doffing step, although this was only observed at 2 facilities, 
affecting 11% and 23% of all hand hygiene instances.

Across all 354 hand hygiene instances, the most commonly 
missed surfaces were thumbs (38%), followed by wrists (25%) 
and in between fingers (17%). The median thoroughness of 
hand hygiene among the 4 facilities ranged from 67% (IQR,  
33%–83%) to 100% (IQR, 67%–100%). Among the 41 HCWs 

(Figure 1B), the median thoroughness of hand hygiene was 83% 
(IQR, 67%–100%). The ICCs from the hierarchical linear model 
(see Supplementary Table 2) suggest that 51% of the total vari-
ance in the thoroughness of hand hygiene was attributable to dif-
ferences between facilities and HCWs, with differences between 
facilities (18%, P = .009) accounting for approximately half that 
attributable to differences between HCWs (33%, P < .001).

DISCUSSION

In our sample of 41 trained HCWs at 4 state-designated Ebola 
treatment centers, we observed substantial variability in both 
the duration and thoroughness of hand hygiene while doffing 
high-level PPE for simulated patients with serious communi-
cable diseases. More than half of the variance in duration and 
thoroughness was attributable to systematic differences be-
tween facilities and between HCWs. Regarding duration, dif-
ferences between facilities accounted for approximately twice 
as much variance as did differences between HCWs. Indeed, 
we observed large differences between the facilities’ protocols 
for hand hygiene; for example, 1 facility consistently enforced 
the duration of hand hygiene by using a song (site D), whereas 
another facility used disinfectant wipes predominantly (site 
C) rather than ABHR. Regarding thoroughness, differences 
between facilities accounted for approximately half as much 
variance as did differences between HCWs. The smaller con-
tribution of facilities aligns with our observation that no facility 
gave explicit direction on the thoroughness of hand hygiene 
in their protocol. Otherwise, variance in the duration or thor-
oughness of hand hygiene due to differences between HCWs 
may be explained by characteristics of HCWs, which we did not 
measure in the present study; for example, HCW workload and 
preexisting attitudes toward hand hygiene have been identified 
as risk factors for nonadherence [6].

Figure 1.  Box plots of the duration (A) and thoroughness (B) of hand hygiene instances of 41 healthcare workers (HCWs) across 4 Ebola treatment centers. Each box plot 
corresponds to the hand hygiene instances of a single HCW in a facility.
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In the high-stakes environment of biocontainment units, 
variability in the duration and thoroughness of hand hy-
giene should be reduced by standardizing how hand hygiene 
is performed across facilities as well as by standardizing the 
mechanisms for ensuring that HCWs adhere to specific 
hand hygiene techniques throughout doffing. Regarding the 
former, consensus guidelines exist for both adequate dura-
tion and coverage of surfaces, although the exact values of 
these parameters have been debated [1, 7]. Regarding the 
latter, mechanisms that minimize individual differences 
between HCWs during hand hygiene are essential and 
might include standardizing how HCWs are trained to per-
form hand hygiene (including knowledge, skills, and atti-
tudes toward hand hygiene) [1], increasing the TO’s role in 
enforcing the duration and thoroughness of hand hygiene 
(eg, by incorporating written instructions for both duration 
and thoroughness into a facility’s protocol), and using fea-
tures of the built environment for regulating adequate du-
ration and thoroughness (eg, a timer or visual cues such as 
posters) [1, 8].

A similar need for the standardization of hand hygiene prac-
tices exists in common clinical settings, where hand hygiene 
is typically monitored through direct observation using “se-
cret shoppers,” product consumption, or electronic systems 
without the benefit of a TO monitoring performance [1]. In 
general, these methods focus on compliance, consistent with 
the World Health Organization’s (WHO’s) “Five Moments of 
Hand Hygiene” campaign [9], and capture when HCWs per-
form hand hygiene, but not necessarily the quality of their hand 
hygiene. Because duration and thoroughness are not routinely 
measured by the WHO’s “Five Moments of Hand Hygiene,” 
standardization of hand hygiene practices beyond compliance 
with opportunities for hand hygiene remains even more chal-
lenging than overall adherence. Integrating measures of dura-
tion and thoroughness to current measures of hand hygiene 
would be onerous in many clinical settings. However, successful 
implementation of electronic hand hygiene systems may allow 
redirection of existing hand hygiene resources for visual ob-
servation away from compliance to quality [10]. Whether in a 
biocontainment unit or on a ward, priority should be placed not 
only on when hand hygiene is performed but also on the quality 
of hand hygiene.
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