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Background: Higher requirement is put forward in the measurement of hand hygiene (HH) during a pan-
demic. This study aimed to describe HH compliance measurement and explore observed influencing factors
with respect to coronavirus disease 2019 (COVID-19) guidelines in China.
Methods: Compliance was measured as the percentage of compliant opportunities based on criteria for
17 moments. The criteria for compliance included HH behavior, procedure, duration, hand drying method,
and the overall that counts them all. The observed influencing factors included different departments and
areas and protection motivation. Descriptive analysis and logistic regression were performed.
Results: The compliance of overall criteria, HH behavior, procedure, duration, and hand drying method were
79.44%, 96.71%, 95.74%, 88.93%, and 88.42%, respectively, which were significantly different from each other
(P < .001). Meanwhile, the overall and hand drying method compliance in semi-contaminated areas (odds
ratio [OR] = 1.829, P < .001; OR = 2.149, P = .001) and hygienic areas (OR = 1.689, P = .004; OR = 1.959, P = .015)
were significantly higher than those in contaminated area. The compliance with HH behavior for the motiva-
tion of patient-protection (OR = 0.362, P < .001) was lower than that for the motivation of self-protection.
Conclusions: HH compliance was firstly measured using different criteria for 17 moments according to
COVID-19 guidelines in China. The measurement of HH compliance needs clearer definition and comprehen-
sive practice. Contaminated areas and motivation of patient-protection contribute to lower compliance,
which may be addressed by allocating more human resources and increasing supervision and education.
© 2020 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Hand hygiene (HH) is considered an effective measure to prevent
and control the spread of disease.1,2 Both alcohol-based handrub and
handwashing with soap and water are critical approaches to prevent-
ing and controlling health care-associated infection (HCAI) that are
effective in combating enveloped viruses, like Ebola and coronavi-
ruses.3 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
first detected in Wuhan, is the cause of a pandemic and has infected
more than 1 million people across the world up to April 11, 2020.
HH in health care workers (HCWs) is important to protect both
themselves and prevent the spread of the virus during this
pandemic.4

Using “moments” in HH is a standardized technique to formulate
its practice.1 The most frequently used moment-based systems
include the “5 moments” suggested by the World Health Organiza-
tion (WHO), while the Centers for Disease Control and Prevention
(CDC) in the United States suggest 5 moments, particularly stressing
the moments before moving from work on a soiled body site to a
clean body site on the same patient and after glove removal.5 Some
studies observed HH using moments before or after patient contact,
after a specific task and during entry or exit.6 However, many studies
omitted to explain the moments they used, which can greatly influ-
ence the compliance result.7 Recent studies found that the observed
compliance of HH varies between 5% and 89%, and the observed
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Table 1
Categories of HH moments based on motivation

Motivation of HH HHmoments

Self-protection After body fluid exposure risk; after touching a patient; after
touching patient surroundings; before, after, and during
removing all the PPE; after removing glove; leaving the
ward; before drinking; before and after using the toilet

Patient-protection Before touching a patient; before aseptic procedure; during
work on a soiled body site to a clean body site on the same
patient; before putting on PPE; before wearing gloves;
arriving at the ward

HH, hand hygiene; PPE, personal protective equipment.
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influencing factors include profession, working department, wearing
gowns or gloves, and contact with patient environment, among
others.1,6

Previous published studies have several limitations. First, the
studies were limited focused on HH during emerging infectious dis-
eases, especially HH via direct observation. For example, Jieun8 and
Akinyinka9 used self-report to measure HH compliance during out-
break of Middle East respiratory syndrome-related coronavirus and
Ebola, respectively. However, HH is more difficult and higher medical
quality is required during the outbreak of infectious diseases. Previ-
ous studies of the moments of HH were mostly confined to 5
moments,1,10 which may not be applicable to the stricter hygienic
requirements in a pandemic and lead to the ignorance of other
moments of HH. For example, the standard implementation of don-
ning and doffing protective equipment is the cornerstone of protec-
tion for HCWs, which occupies much time for HCWs in daily clinical
work. Moreover, guidelines from the WHO and National Health Com-
mission of China stress the importance of HH before putting on and
after removing personal protective equipment (PPE).11,12

Second, most studies calculated compliance using the percentage
of opportunities for which HCWs are compliant to HH guidelines,
while the criteria for HH compliance are obscure and incomplete.6

The WHO and CDC both highlighted that methods to define HH com-
pliance vary considerably and detailed information concerning the
methods and criteria for evaluating HH needs to be researched and
provided.1,5 Previous studies mainly included whether HH is per-
formed as the only criterion of compliance.13 However, some found
that only 72% of HCWs have satisfactory HH that involved following
the complete procedure, more than 90% of HCWs washed their hand
for less than 15 seconds and hand drying was given the equal impor-
tance in HH.14-16 This indicates that the compliance to the complete
procedure, duration and hand drying are critical in preventing the
transfer of microorganisms to the environment. Moreover, the evi-
dence surrounding observed factors influencing HH compliance as
assessed using different criteria was limited.

Therefore, this study aimed to explore the measurement (moment
and criteria) of compliance and observed factors influencing HH dur-
ing the coronavirus disease 2019 (COVID-19) pandemic via direct
observation in Wuhan, China.

METHOD

Setting

The study was performed in a branch of Tongji Hospital. The
HCWs included those from Tongji Hospital and 17 medical groups
from other provinces in China. The 17 medical groups undertook
responsibility or assisted in treatment and caring in 17 departments
to solve human resource shortages. During the pandemic period, 828
beds were available. HCWs received education regarding HH and
other infection control measures from department chiefs, head
nurses and infection preventionists, given in the form of study meet-
ings, learning materials, and supervision.

Data collection

HH practices were directly observed in 17 departments from 5th
to 7th March 2020. A standardized data collection tool was used,
which contained 7 items: department, area (contaminated, semi con-
taminated, or hygienic area), moment, HH behavior, procedure, dura-
tion, and hand drying method. HH duration was estimated by the
observers counting seconds in their mind. Trained observers were
asked to be at the patient's bedside or in front of glass outside the
ward to perform covert observation; HCWs were not made aware of
this observation in order to reduce the Hawthorne effect. Seventeen
staff members responsible for medical quality control who were
experienced in HCAI control were trained by infection preventionists
face to face (with PPE protection) to ensure the quality of covert
observation. The definition of the criteria and method to perform
were discussed and unified among all the observers. In one observa-
tion, the maximum number of observed HCWs should not exceed 3
and the duration of one observation should not exceeding 15 minutes
based on the guidelines.17

MEASUREMENT

Dependent variable (compliance measurement of HH)

The dependent variable was the compliance of HH measured
using different criteria based on moments.1,5

Moments

According to the technical guidelines issued by the Chinese gov-
ernment,12 we assessed 17 moments (Table 1).

Criteria of compliance

According to the process recommended by the HH guidelines,11,12

the criteria for compliance included HH behavior, procedure, dura-
tion, hand drying method, and the overall for all criteria.

HH behavior

HH behavior was divided into handwashing with soap and water
and then alcohol-based handrub, handwashing with soap and water,
handwashing with alcohol-based handrub, handwashing with use of
gloves, or no HH measures.13 The use of gloves or no HH measures
were considered to be noncompliant. The opportunity was defined as
the occurrence of any moment during the observed period.

Compliance of HH behavior

¼ number of hand hygiene opportunities performed; excluding use of gloves
total number of hand hygiene opportunities observed

Procedure

Procedure of HH was measured by whether each procedure was
completed. The complete procedure included rubbing hands palm to
palm, right palm over left dorsum with interlaced fingers and vice
versa, palm to palm with fingers interlaced, backs of fingers to oppos-
ing palms with fingers interlocked, rotational rubbing of left thumb
clasped in right palm and vice versa, rotational rubbing, backward
and forward with clasped fingers of right hand in left palm and vice
versa, and rotational rubbing of left wrist clasped in right palm and
vice versa.18 HH following the complete procedure was considered
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compliant. The observations with no handwashing were also defined
to be noncompliant in this and the following calculation.

Compliance of HH procedure

¼ number of hand hygiene opportunities with complete procedure
total number of hand hygiene opportunities observed

Duration

When the duration of HH exceeded 15 seconds, the duration was
determined to be compliant, according to the guidelines.17

Compliance of HH duration

¼ number of hand hygiene opportunities with sufficient duration
total number of hand hygiene opportunities observed

Hand drying method

The hand drying method was divided into use of hand drying
paper near the handwash equipment, no use because of alcohol-
based handrub, and other hand drying methods.19 Compliant hand
drying method was defined as a suitable hand drying method with
respect to the specific HH behavior, including no use after alcohol-
based handrub, and using hand drying paper near the handwash
equipment after handwashing with soap and water. We defined the
hand drying method after alcohol-based handrub (ie, handwashing
with soap and water then alcohol-based handrub, and alcohol-based
handrub) as compliant, because HH was promoted with alcohol-
based handrub when there was no visible contamination. Previous
studies showed that alcohol-based handrub promoted HH compli-
ance and was more efficient when there was no visible contamina-
tion in the perspective of hand drying method.20-22

Compliance of HH drying method

¼ number of hand hygiene opportunities with compliant hand drying method
total number of hand hygiene opportunities observed

Overall criteria

If all 4 criteria above were considered compliant, the overall HH
was determined compliant.

Overall HH compliance

¼ number of compliant hand hygiene opportunities following all four criteria
total number of hand hygiene opportunities observed

Independent variable

The independent variables included department (intensive care
department or other general departments),23 different areas (con-
taminated, semi contaminated, or hygienic area),24 and motivation
(self-protection and patient-protection)25 (Table 1). Contaminated
areas included areas where COVID-19 patients were treated or areas
contaminated by the secretions and excretions of patients, such as
wards, treatment rooms, and dirty rooms. Hygienic areas included
areas free of aforementioned contaminations, such as staff lounges
and catering room. In semi contaminated areas, the contaminated
level is lesser than that of contaminated areas and greater than that
of hygienic areas (eg, PPE removal room).26,27 We divided the 17
moments into self-protection- and patient-protection-motivated
according to the observers' perceived motivation for HH, which was
based on the categories suggested by Lambe regarding the “5
moments” from WHO and unified among observers in training
stage.25 Exploration of influencing factors is important to identify the
key factors to improve HH practice, and they have been investigated
widely by other studies.6 We selected 3 factors because they were
accessible and important, while other factors, such as profession and
gender, could not be distinguished in convert observation with
HCWs wearing PPE.6
Statistical analysis

Categorical variables were described using percentages and fre-
quency rates. The x2 tests, continuity correction, or Fisher exact tests
were performed to compare proportions of categorical variables.
Logistic regression was performed to estimate the observed factors
influencing HH compliance. The 2-sided a level was set at 0.05. All
statistical analyses were performed using IBM SPSS Version 20.0
(IBM, New York, NY).
RESULT

The overall compliance for 17 moments of HH was 79.44%. The
highest overall compliance was for the moment before wearing
gloves (91.67%), and the lowest was the moment after touching
patient surroundings (65.56%); the highest compliance for HH behav-
ior was the moment before putting on all the PPE, before removing
all the PPE, leaving the ward, before drinking, and after using the toi-
let (100%); the lowest was for the moment, arriving at the ward
(85.51%). The highest compliance of procedure were moments after
body fluid exposure risk and after using the toilet (100%), and the
lowest was the moment arriving at the ward (85.51%); the highest
compliance for duration was for the moment when leaving the ward
(96.15%), and the lowest was for the moment when arriving at the
ward (78.26); the highest compliance for hand drying method was
the moment before putting on all the PPE (96.69%), and the lowest
was for the moment after touching patient surroundings (79.47%)
(Table 2).

Most HCWs performed HH behavior (96.71%) and complete pro-
cedure (95.74%), whereas the compliance for duration (88.93%) and
appropriate hand drying method (88.42%) were a bit lower, each of
which were significantly higher than the overall compliance
(P < .001).

According to the univariate analysis, overall compliance (P < .001),
compliance of HH behavior (P = .003) and hand drying method
(P = .001) were significantly different between contaminated, semi
contaminated, and hygienic area. Self-protective HH was significantly
higher than patient-protective HH in terms of compliance of HH
behavior (P < .001). No HH practice showed the difference between
intensive care and nonintensive care departments (appendix). The
overall compliance was 85% in the intensive care department, 79.18%
in the nonintensive care department; 76.07% in contaminated area,
84.38% in semi contaminated area, and 84.21% in hygienic area; and
79.89% for self-protection-motivated behavior and 78.68% for
patient-protection-motivated behavior.

According to the multivariable logistic analysis, the overall com-
pliance in the semi contaminated (odds ratio [OR] = 1.829, P < .001)
and hygienic area (OR = 1.689, P = .004) was significantly higher than
that in the contaminated area. The compliance of HH behavior in
semi contaminated (OR = 4.391, P = .015) area was higher than that in
contaminated area; and the compliance of patient-protection-moti-
vated HH behavior was lower than that for self-protection-motivated
behavior (OR = 0.362, P < .001). The compliance for the hand drying
method in semi contaminated area (OR = 2.149, P = .001) and hygienic
area (OR = 1.959, P = .015) was also higher than that in contaminated
area (Table 3).



Table 3
Multivariate analysis of influencing factors and HH compliance

Overall
compliance

Compliance of
HH behavior

Compliance of
procedure

Compliance of
time duration

Compliance of
hand drying method

P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI)

Department
Nonintensive Reference
Intensive care .139 1.606 (0.857,3.008) .992 1.006 (0.305,3.324) .584 1.751 (0.236,13.009) .351 1.551 (0.617,3.900) .128 2.209 (0.795,6.134)
Contaminated, semi contaminated or hygienic area
Contaminated Reference
Semi contaminated <.001 1.829 (1.338,2.500) .015 4.391 (1.333,14.467) .305 1.622 (0.644,4.087) .164 1.354 (0.884,2.074) .001 2.149 (1.371,3.370)
Hygienic .004 1.689 (1.180,2.419) .370 1.398 (0.672,2.909) .219 2.131 (0.637,7.130) .328 1.284 (0.778,2.120) .015 1.959 (1.140,3.368)
Motivation for HH
Self-protection Reference
Patient-protection .937 1.010 (0.789,1.293) <.001 0.362 (0.207,0.635) .651 0.848 (0.416,1.730) .577 1.107 (0.774,1.585) .155 1.291 (0.908,1.836)

CI, confidence interval; HH, hand hygiene; OR, odds ratio.

Table 2
The opportunity and compliance of HH and its criteria

Overall observed
HH compliance,
n (%)

Observed HH
behavior compliance,
n (%)

Observed HH
procedure compliance,
n (%)

Observed HH time
duration compliance,
n (%)

Observed hand drying
with paper compliance,
n (%)

Total number of
HH opportunities
observed

Before touching a patient 173 (74.89) 217 (93.94) 215 (93.07) 199 (86.15) 199 (86.15) 231
Before aseptic procedure 100 (74.07) 128 (94.81) 125 (92.59) 115 (85.19) 115 (85.19) 135
After body fluid exposure risk 56 (81.16) 68 (98.55) 69 (100.00) 64 (92.75) 62 (89.86) 69
After touching a patient 214 (76.70) 275 (98.57) 271 (97.13) 250 (89.61) 243 (87.10) 279
After touching patient surroundings 99 (65.56) 141 (93.38) 137 (90.73) 119 (78.81) 120 (79.47) 151
During work on a soiled body site to a

clean body site on the same patient
59 (81.94) 66 (91.67) 69 (95.83) 66 (91.67) 62 (86.11) 72

Before putting on PPE 109 (90.08) 121 (100.00) 119 (98.35) 113 (93.39) 117 (96.69) 121
Before removing all the PPE 120 (86.96) 138 (100.00) 136 (98.55) 132 (95.65) 125 (90.58) 138
During removing all the PPE 110 (83.97) 129 (98.47) 130 (99.24) 118 (90.08) 125 (95.42) 131
After removing all the PPE 85 (80.95) 104 (99.05) 102 (97.14) 93 (88.57) 96 (91.43) 105
Before wearing glove 22 (91.67) 23 (95.83) 23 (95.83) 23 (95.83) 22 (91.67) 24
After removing glove 58 (85.29) 67 (98.53) 66 (97.06) 65 (95.59) 61 (89.71) 68
Arriving at the ward 50 (72.46) 59 (85.51) 59 (85.51) 54 (78.26) 55 (79.71) 69
Leaving the ward 70 (89.74) 78 (100.00) 77 (98.72) 75 (96.15) 72 (92.31) 78
Before drinking 48 (82.76) 58 (100.00) 57 (98.28) 52 (89.66) 54 (93.10) 58
Before using the toilet 13 (76.47) 16 (94.12) 16 (94.12) 14 (82.35) 15 (88.24) 17
After using the toilet 13 (86.67) 15 (100.00) 15 (100.00) 14 (93.33) 14 (93.33) 15
Total 1399 (79.44) 1703 (96.71) 1686 (95.74) 1566 (88.93) 1557 (88.42) 1761

HH, hand hygiene; PPE, personal protective equipment.
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DISCUSSION

In this study, HH compliance was measured based on criteria
including HH behavior, procedure, duration and hand drying method,
and overall based on 17 moments during the COVID-19 pandemic
period. The HH compliance for the 17 moments ranged from 79.44%
to 96.71%, and significantly differed between the different criteria.
Area (contaminated, semi contaminated, and hygienic) and motiva-
tion (self-protection and patient-protection) for HH were identified
as influencing factors.

The overall compliance for HH was 79.44%, which is relatively
high with respect to previous observed HH studies,6 this may be
explained by the improvement in HH practices in situations with
increased risk.28 Phan found a high risk of not performing HH when
doffing PPE and the compliance of HH after leaving patient room was
93.4%.29 Kim observed that compliance was 4.8% when hands were
exposed to a different body site in the same patient,30 much lower
than the compliance in our study, which may be associated with dif-
ferences in education and context. Based on the differences in HH
compliance regarding different moments in previous study and ours,
it is necessary to take more moments into consideration to prevent
HCAI. In addition, the compliance in HH behavior and procedure is
quite high, while the compliance for duration and hand drying
method was a little lower, which may be associated with the conven-
tional criteria that most HCWs only consider HH behavior as part of
compliance, but ignore duration and hand drying method.31 How-
ever, HH efforts would be in vain, with the absence of compliant
duration and hand drying.15 Thus, we recommend that the evaluated
moments and criteria should be included and reported when mea-
suring compliance, as recommended by the WHO and CDC.1,12 Mean-
while, education targeting other moments and criteria, including
duration and hand drying method, should be strengthened.14,15 Simi-
lar to the previous study, the highest compliance for HH is HH after
body fluid exposure and touching a patient, when considering the
5 moments of the WHO, which might be associated with the motiva-
tion of self-protection.25

Compliance in semi contaminated and hygienic area is higher
than that in contaminated area. First, the workload of HCWs in con-
taminated area is higher than that in semi contaminated and hygienic
area, which is a strong factor impeding high HH compliance.32 Sec-
ond, the reason why compliance in moments in semi contaminated
area are higher is that they mostly involve the process of donning
and doffing PPE, which is the cornerstone of hospital education dur-
ing the pandemic period. Moreover, mutual supervision is typically
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adopted during the process of donning and doffing PPE in investi-
gated hospital, because of its importance in controlling HCAI among
HCWs. Therefore, we believe that education and supervision are
important tools to improve HH practice, with the adequate supple-
mentation of human resources.33 It is worth mentioning that educa-
tion does not always translate into behavioral change. Clinical
administrators should apply appropriate approaches to make educa-
tion effective, such as education materials and behavioral change
strategies.34,35

We found that the compliance for patient-protection-motivated
HH behavior was lower than that for self-protection-motivated
behavior. Previous studies found the same result, suggesting that bet-
ter knowledge or awareness and stronger motivation may exist
regarding self-protection HH moment among HCWs.25

The strength of our study is that covert observation could be
performed with fewer limitations than typically expected because
the observed HCWs were less likely to notice observers when
they were in close as the observers used PPE and HCWs were
usually surrounded by unknown staffs from other departments
during the COVID-19 period. However, there are a few limitations
to this study. First, we did not take sociodemographic characteris-
tics of HCWs into consideration, due to the use of the gown and
goggle. Second, HH duration was estimated by counting seconds
in the observer’s mind, which may lead to less accurate assess-
ment of duration, although we set criteria and trained observers
carefully to reduce the error as much as possible. Third, we mea-
sured the motivation of HH according to the observers' perceived
motivation for HH, which might not be appropriate for every
HCW observed, as the actual motivation of individual health care
providers could not be assessed. Fourth, the study was only con-
ducted over a 3-day period in one hospital, which may limit the
generalizability of the findings. Fifth, the direct observation
method of monitoring HH compliance only accounts for a very
small fraction of HH events that could be observed.

This work raises implications for clinical administrators. First, the
criteria for HH compliance, especially duration and hand drying
method, need further attention and more detailed investigation to
make compliance in different studies more comparable. Second,
moments of HH, for example, donning and doffing PPE and other
important moments, should be taken into consideration when higher
quality medical care is required. Third, based on the lower compli-
ance observed in contaminated area, greater allocation of human
resources to share the workload is crucial to better handle emerging
infectious diseases. Fourth, regarding the high compliance in the pro-
cess of donning and doffing PPE with strengthened education and
supervision, we recommend supervision and education using appro-
priate approaches as an effective tool to improve HH practice during
emerging infectious diseases.
CONCLUSIONS

HH compliance was measured using different criteria for 17
moments according to COVID-19 guidelines in China. As the compli-
ance for HH varied based on the moments and criteria, we propose
the measurement (moment and criteria) of HH compliance needs fur-
ther attention to create a clear definition, especially when consider-
ing important moments, such as HH in the process of donning and
doffing PPE, and criteria including duration and hand drying method.
The area (contaminated, semi contaminated or hygienic area) and
motivation are factors influencing HH practice, which indicates that
the support of more human resources to share the workload in clini-
cal department is crucial and the application of appropriate education
and supervision may be an effective tool to improve HH practice dur-
ing emerging infectious diseases.
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